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Editorial on the Research Topic

Innovation and trends in the global food systems, dietary patterns and

healthy sustainable lifestyle in the digital age

The transformation of food systems to address healthy nutrition, food insecurity,
and public health issues is a global concern. In today’s world, where there is a growing
dependence on processed foods, fast food, edible oils, sugar-sweetened beverages, and
sedentary lifestyles, the importance of food security and nutrition systems cannot be
overstated. These factors have a direct impact on human wellbeing and global stability.

The increasing prevalence of non-communicable diseases such as obesity, diabetes,
hypertension, and cardiovascular diseases is a clear indication of the impact of lifestyle
changes which are being observed worldwide (1). Although food security has improved
in developed countries, many countries, particularly low-to middle-income countries
(LMIC), suffer from significant food insecurity challenges (2). In addition, food production,
accessibility, and availability have been further impacted due to the COVID-19 outbreak,
causing growing global concerns regarding food security, especially within the most
vulnerable communities (3). Due to this situation and in this dynamic context, both
technology actors and the consumers they cater to occupy a crucial position in the food
system. They have the potential to make choices that can address the challenges and
opportunities for enhancing sustainable outcomes in the food system. According to the
literature, the integration of artificial intelligence, the deployment of data science techniques,
and information and communication technology (ICT) applications have introduced
innovative methods in understanding the trends in food systems, dietary patterns, and
healthy sustainable lifestyles at the global level (4).

The main objective of this Research Topic is to gather papers that enhance our
understanding of the intersections between food security, nutrition, and technological
innovation through the utilization of artificial intelligence, data science, and ICT.
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These papers aim to provide comprehensive insights into their
impact on human health and to analyze global trends before
and after the COVID-19 pandemic. The special e-collection
comprises 15 papers that cover the aforementioned areas. The
most extensively examined aspect in the Eastern Mediterranean
Region (EMR), both before and during the COVID-19 pandemic,
has been the nutrition-related factors and dietary intake of
its populations.

Data from Al-Jawaldeh and Abbass show that the prominent
nutrition-related non-communicable diseases (NCDs) risk factors
in EMR include obesity, hypertension, high fasting plasma glucose,
and upregulated unhealthy diet consumption, which can lead
to nutrition inadequacies, including anemia. According to the
authors, these risk factors, even if treated, are often poorly
controlled. Therefore, it is imperative to adopt healthy dietary
habits and ensure adequate physical activity to counter their
presence and prevent their onset. To tackle and manage obesity,
Jabbour et al. published a meta-analysis (NMA) on the current
Research Topic, which compared the effects of different diets
[moderate macronutrients (MMs), low fat/high carbohydrate
(LFHC), high fat/low carbohydrate (HFLC), and usual diet (UD)]
on weight, body mass index (BMI), and waist circumference
(WC) changes at ≥12 months. The authors show that dietary
interventions extending over ≥12 months are superior to UD in
inducing weight, BMI, and WC loss. HFLC might be associated
with a slightly higher weight loss compared with MM diets. In
contrast, this Research Topic also addresses nutritional inadequacy,
specifically anemia, by using a novel analytical method that
was implemented to classify nutritional anemia using the cluster
analysis approach. In this study, Qasrawi and Al-Halawa conducted
the Classification and Regression Tree (CRT) model to study the
association between hemoglobin clusters and vitamin B12, folate,
and iron intakes, sociodemographic variables, and health-related
risk factors, accounting for grade and age. The study findings
indicated that vitamin B12, iron, and folate intakes are important
factors related to anemia. In girls, anemia was associated with
age, locality, food consumption patterns, and physical activity
levels, whereas, iron and folate intakes were significant factors
related to anemia in boys associated with the place of residence
and the educational level of their mothers. According to the
authors, the deployment of clustering and classification techniques
for identifying the association between anemia and nutritional
factors might facilitate the development of nutritional anemia
prevention and intervention programs that will improve the health
and wellbeing of schoolchildren. Outside the EMR, in Chile, a
study conducted by Schnettler et al., showed that there were
positive associations between mothers’ modeling and adolescents’
satisfaction with food-related life (SWFoL) between mothers’
diet quality and fathers’; and between mothers’ modeling and
fathers’ SWFoL via the fathers’ diet quality. Parents’ modeling can
improve the three family members’ diet quality, while mothers’
modeling and diet quality has been shown to improve fathers’ and
adolescents’ SWFoL. Knowing that good dietary patterns start from
the prenatal period, Abi Khalil et al. investigate the feeding patterns
of women and their off-springs in Lebanon. Data from Abi Khalil
et al. demonstrate low rates of exclusive breastfeeding (EBF) and
continuous breastfeeding (CBF), high prevalence of exclusive bottle

feeding (EBOT), and early introduction of complementary foods
among children ages 0–59 months. Furthermore, for children ages
6–59 months, there was poor mother-child dietary diversity and a
high prevalence of overweight and stunted children in themain two
Lebanese provinces.

TheMediterranean Diet (MedDiet) represents a healthy dietary
pattern in the context of healthy lifestyle habits. Epidemiological
studies have shown that a higher degree of adherence to the
MedDiet pattern is associated with reduced mortality concerning
deaths due to non-communicable diseases. This is favored by the
adoption of this dietary pattern. To investigate the current situation
concerning adherence to the Mediterranean diet in Lebanon and
Syria, Karam et al. showed that the Lebanese participants, especially
men and those who are aged between 64 and 67, had higher
adherence than their counterparts. It is essential to invest in
the education and behavior of healthcare professionals as it can
significantly impact the dietary habits of their patients, ultimately
aiding in the promotion of a healthy Mediterranean diet and the
prevention of unhealthy eating patterns.

This was identified by Hoteit, Mohsen et al., who show
that the risk of eating disorders was prevalent in 22.5% of
healthcare practitioners in Lebanon. The highest proportion of
high-risk participants were participants studying and practicing
nutrition (40.9%), outracing their counterparts in nursing (18.7%),
medicine (17.8%), pharmacy (17.7%), and midwifery (4.9%),
sciences (p= 0.02).

The impact of the COVID-19 pandemic on dietary diversity
and intake has also been widely discussed. According to Hoteit,
Mortada et al.’s data, the fragility of the EMR food system is
presenting significant obstacles to maintaining a healthy and
sustainable lifestyle. While the aggressive containment strategy
from the COVID-19 pandemic was essential for most countries in
the EMR to help prevent the spread, it came at a high nutritional
cost, driving poor dietary diversity. This situation affects maternal
diets as well. This was identified in a survey that was carried out
among a convenient sample of 1,939 pregnant women from five
Arab countries by Hoteit, Hoteit et al., who found an increment
in the consumption of cereals, fruit, vegetables, dairy products,
meats, and nuts that occurred during the COVID-19 pandemic. In
this survey, the daily consumption of almost all food groups was
lower than the USDA’s daily recommendations, except for fruits
intake, which was higher than the daily standard. Demonstrated
poor adherence to prenatal USDA dietary guidelines by Arab
pregnant women can lead to numerous deficiencies and health
risks among their offspring. According to the authors, the findings
emphasize the need for nutritional education and intervention
during prenatal visits. Similarly, Papazian et al. also found that
dietary patterns among pregnant women should be monitored
regularly. In Lebanon, pregnant women with the lowest pre-
gestational body mass index and higher gestational age tended
to follow a diet called “Neo-Mediterranean,” which is mainly
composed of protein-rich foods such as poultry, fish, eggs, and
dairy products.

Tayyem et al.’s survey showed that postpartum women exhibit
poor adherence to the USDA’s recommended amounts for dietary
intake and the five food groups, with their dietary intake falling
below the recommended levels.
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During the COVID-19 pandemic, while many people were
forced to stay home, scholars began investigating the impact
of online food delivery services on health and wellbeing. These
services may affect the achievement of the United Nations 2030
Sustainable Development Goals (SDGs). According to Jia et al.’s
research, online food delivery services may pose a threat to several
SDGs, including those addressing good health and wellbeing,
responsible consumption and production, climate action, and
decent work and economic growth.

The scholars in this study proposed a research and policy
agenda that is aligned with entry points within a systems approach
identified by the World Health Organization, which are the
food industry reforms, synergized public health messaging, and
the continuous monitoring of the growing impact of online
food delivery.

In summary, the results of the above-mentioned studies and
reviews represent an enormous amount of new relevant data
on obesity management, food insecurity, dietary patterns among
all age categories, novel cluster models, and the impact of the
COVID-19 pandemic on all the listed topics. Despite all the existing
literature and evidence related to these extremely important topics,
the papers published in this e-book clearly show that there are
still many aspects to be clarified and understood in the fascinating
world of dietary diversity, food insecurity, dietary intake, and the
management of non-communicable diseases. Upon reading this
book, readers will gain clarity on various topics and develop a
stronger conviction regarding the significance of studying nutrition
systems, food security, and the roles of technological advances,
especially in LMIC. Understanding these factors is crucial for

comprehending the food transition and population health. Such
understanding is imperative to prioritize equity, sustainability, and
health as priorities in food provision and consumption in LMIC (5).
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The COVID-19 pandemic has revealed the Eastern Mediterranean Region’s food

system’s fragility posing severe challenges to maintaining healthy sustainable lifestyle.

The aim of this cross-sectional study (N = 13,527 household’s family members,

mean age: 30.3 ±11.6, 80% women) is to examine the impact of the COVID-

19 pandemic on food consumption patterns and household’s dietary diversity in

10 Eastern Mediterranean countries. A food frequency questionnaire was used

to investigate the consumption patterns along with the calculation of the Food

Consumption Score (FCS), a proxy indicator of dietary diversity. Data collected on

cooking attitudes, shopping and food stock explore the community mitigation measures.

In the overall population, before and during the pandemic, most food groups were

consumed less or equal to 4 times per week. As evident from our findings and

considering that the pandemic may be better, but it’s not over, small to moderate

changes in food consumption patterns in relatively short time periods can become

permanent and lead to substantial poor dietary diversity over time. While it is a

priority to mitigate the immediate impact, one area of great concern is the long-term
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effects of this pandemic on dietary patterns and dietary diversity in EasternMediterranean

households. To conclude, the COVID-19 crisis revealed the region’s unpreparedness

to deal with a pandemic. While the aggressive containment strategy was essential for

most countries to help prevent the spread, it came at a high nutritional cost, driving poor

dietary diversity.

Keywords: COVID-19 pandemic, dietary diversity, Eastern Mediterranean region, food consumption score,

mitigation measures

INTRODUCTION

Prior to the unprecedented COVID-19 epidemic, nearly 690
million individuals worldwide consumed fewer calories than
required (1). Beyond food deprivation, due to many reasons,
a growing number of people have been forced to cut back the
quantity and quality of the food they ingest (1). The physical
and mental health repercussions of such deficit illustrate the
indisputable public health importance of food consumption
patterns, dietary diversity, and related food insecurity (1). During
the COVID-19 pandemic, an estimation exceeding 280 million
people were at risk of becoming food insecure (2). The loss of
livelihoods due to COVID-19, caused food supply disruptions
and income loss, limiting the access to nutritious food, and
making households across the globe facing difficulties to have
access to healthy diets (1). Consequently, more than 1.5 billion
people couldn’t afford a nutri-dense diet that meets the required
essential nutrients and around 3 billion people faced difficulties
in affording the cheapest healthy diet (1–3). At regional level,
embedded with many challenges, the Eastern Mediterranean
(EM) countries are faced with scarce and dwindling natural
resources amidst high urbanization rates, populations increase,
wars, climate changes, sociopolitical crises (4) and recently, the
COVID-19 pandemic (5). Today, amid the COVID-19 pandemic,
almost 54.5 million people are witnessing severe food insecurity
in the region, along with an increase of four times in the
percentage of hungry people in the Middle Eastern countries
(6). Currently, in 12 countries including Algeria, Libya, Tunisia,
Lebanon, Palestine, and Sudan, more than 10million people were
assisted by short-term assistances and cash-based transfers. In
addition, the situation is extremely worsening and worrying in
many countries affected by conflicts, violence and socioeconomic
crises including Iraq, Libya, Somalia, Syria, Sudan, Yemen, and
Lebanon (7, 8). Upon the exponential increase in COVID-
19 consequences on the financial status of consumers, food
insecurity started to aggravate in most EM countries. Households
tend to change their food consumption patterns involuntarily,
rely on savings, sell household durable assets and livestock,
buy foods with high shelf-life, eat less, buy cheaper food, and
limit food types they cannot afford such as meat and fish,
and start consuming higher quantities of starchy food due to
their wide availability and cheap prices (9). Households were
forced to change their food consumption patterns as a mean of
mitigation measures. The lack of studies concerning the changes
in food consumption, dietary diversity, and mitigation measures
had made this issue of a high priority. Thus, the aim of this
study is to examine the impact of the COVID-19 pandemic

on the food consumption patterns, the dietary diversity, and
the mitigations measures among EM households residing in 10
Eastern Mediterranean countries.

MATERIALS AND METHODS

The online survey consisted of a cross-sectional study that
was launched originally in 38 different countries. The Eastern
Mediterranean regional data related to Lebanon and 9 other
Arabic countries (Bahrain, Egypt, Jordan, Kuwait, Oman, Qatar,
Saudi Arabia, United Arab Emirates, and Palestine) that have
participated to this survey has been selected for the sake of
analysis in this study. Questions of the survey were available
in native Arabic language as well as other languages extending
choices for the respondents. The survey was kept open between
April 17th and June 25th, 2020 and consisted of multiple blocks
of information. Participants included in this study were of
age exceeding 18 years old, of both genders, residing in any
of these Arabic countries. Convenience sampling was used to
recruit respondents and advertisement of the survey was done
using different social network platforms as well as academic
networks of the research team. The questionnaire consisted of a
validated online survey, that took around 20min to be completed.
A full overview of the study protocol, the questionnaire
validation and the survey is accessible via https://osf.io/nz9xf/
files/. It was used to collect information related to different
topics including: sociodemographic and economic information,
lockdown measures, mental health, cooking attitudes, shopping,
food stock, and food frequency consumption in term of food
portions per week (The question asked was: “how often did
you eat the following (portions of) foods? Please indicate how
often you consumed at least one portion of the following foods
and drinks”). Regarding questions related to cooking attitudes,
shopping, and food frequency consumption, respondents were
asked to answer each question twice, reporting thus their
behavior before the COVID-19 pandemic and during the
COVID-19 lockdown. Food Consumption Score (FCS), which
is a proxy indicator used for investigating the dietary diversity,
was calculated using the frequency of consumption of different
food groups consumed by a household during the 7 days before
the survey. The calculation formula of the score FCS is: (starches
× 2) + (pulses × 3) + vegetables+ fruit+ (meat × 4) +

(dairy products × 4) + (fats × 0.5) + (sugar × 0.5). Prior to
calculating the FCS score, response options were merged forming
the following two categories: “lower than or equal to 4 times a
week” and “equals five times a week or more” (10). The FCS was
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calculated for each of the respondents based on his answers to the
food frequency questionnaire. We then multiplied the frequency
by the weight of the food (as listed in the formula of FCS).
Two different FCS were calculated, the first one was based on
the answers of respondents about food frequency consumption
before the lockdown and the second one was based on their
answers during the lockdown. Everyone was then classified
as having a high FCS (if it is >42) or low FCS (<42) (10).
When interpreting these results, people who tend to have higher
FCS (>42) were consuming a diversified diet, this achieving a
diversified balanced diet (10).

Statistical Analysis
Respondents’ characteristics were presented as frequencies
(percentages) for categorical variables while means ± standard
deviation (SD) were used for continuous variables. Results were
assessed for all participants as well as for countries separately in
order to detect any potential behavior difference between them.
Different statistical tests were used: Chi-square test was used to
investigate differences for categorical variables between groups
while independent t-test was applied for continuous variables
andMarginal Homogeneity test was used to differentiate between
paired data (comparison before and during COVID-19). To
look for factors that may impact the FCS, a binary logistic
regression was calculated. In this regression, the FCS (high vs.
low) was the dependent variable. A backward approach was
used and factors having a p-value <0.05 were considered as
significant. Odds Ratio (OR) and its confidence interval were also
calculated for each of the factors. A p-value lower than 0.05 was
considered significant. Statistical analysis was conducted on IBM
SPSS Statistics for Mac, Version 24.

Ethical Consideration
A consent form was attached at the beginning of the online
survey that protects participants, let them know their rights
and responsibilities and keep their information confidential.
The study was conducted 126 according to the guidelines
of the Declaration of Helsinki, and approved by the Ethical
Committee for the Social Sciences and Humanities of the
University of Antwerp (file number 20_46) as well as in all other
concerned countries. The patients/participants provided their
written informed consent to participate in this study.

RESULTS

Socio-Demographic and Economic
Characteristics
The total number of respondents who filled completely the
survey in the 10 Arab countries was 13,527 households’ family
members. They were thus used for the subsequent analysis.
Among them, 80% were females. Most participants were either
adults (24 to 64 years old, 56.7%) or youth (19 to 24 years
old, 37.6%). However, a very low percentage of adolescents (18
years) (4.7%) and elder people (1%) had registered (Table 1).
The mean age of the respondents was 30.3 years with a SD of
11.69. Males who responded to this survey were significantly
older than females (p-value = 0) (Table 1). Regarding the

TABLE 1 | sociodemographic and socioeconomic characteristics of the studied

population.

Variables Overall N (%) Male N (%) Female N (%) p-value

Age (mean ± SD) 30.30 ±11.69 33.13 ± 13.15 29.61 ±11.20

Adolescents (18

years)

18 18 18

Youth 21.02 ± 1.31 20.94 ± 1.32 21.03 ± 1.31 0

Adult 36.81 ± 10.09 37.97 ± 10.74 36.47 ± 9.86 0

Elderly 68.58 ± 5.09 68.19 ± 4.90 68.92 ± 5.26

Age categories (%)

Adolescents (18

years)

638 (4.7) 135 (5.1) 503 (4.6)

Youth 5,087 (37.6) 709 (26.7) 4,378 (40.3) 0

Adult 7,667(56.7) 1,749 (65.9) 5,918 (54.4)

Elderly 135 (1) 63 (2.3) 72 (0.7)

Gender (%)

Male 2,656 (19.6) NA NA

Female 10,871 (80.4)

Countries (%)

Bahrain 693 (5.1) 126 (4.7) 567 (5.2) 0.001

Egypt 734 (5.4) 170 (6.4) 564 (5.2)

Jordan 2,675 (19.8) 581 (21.9) 2,094 (19.3)

Kuwait 728 (5.4) 156 (5.9) 572 (5.2)

Lebanon 2,282 (16.9) 436 (16.4) 1846 (17.0)

Oman 186 (1.4) 32 (1.2) 154 (1.4)

Qatar 653 (4.8) 135 (5.1) 518 (4.8)

Saudi Arabia 2,999 (22.2) 530 (19.9) 2,469 (22.7)

United Arab

Emirates

1,718 (12.7) 313 (11.8) 1,405 (12.9)

Palestine 859 (6.3) 177 (6.7) 682 (6.3)

Education (%)

Under a high

school diploma

698 (5.1) 166 (6.2) 532 (4.9) 0

High school

diploma or

equivalent

2,763 (20.4) 553 (20.8) 2,210 (20.3)

Bachelor’s degree 7,991 (59.1) 1,378 (51.9) 6,613 (60.8)

Master’s degree 1,537 (11.4) 358 (13.5) 1,179 (10.9)

Doctorate 538 (4.0) 201 (7.6) 337 (3.1)

Number of adults living in the same household before the lockdown (%)

<3 1,649 (38.0) 340 (39.7) 1,309 (37.6) 0.393

3–5 1,860 (42.9) 364 (42.5) 1,496 (43.0)

More than 5 829 (19.1) 152 (17.8) 677 (19.4)

Number of adults living in the same household during the lockdown (%)

<3 4,851 (36.5) 1,114 (42.6) 3,737 (35.0) 0

3–5 5,993 (45.0) 1,096 (41.9) 4,897 (45.8)

More than 5 2,459 (18.5) 405 (15.5) 2,054 (19.2)

Employment

before the

lockdown (%)

Overall: 0

Student 5,296 (39.2) 775 (29.2) 4,521 (41.6) Students: 0

Working 5,375 (39.7) 1,673 (63.0) 3,702 (34.0) Working: 0

Didn’t working 2,856 (21.1) 208 (7.8) 2,648 (24.4) Not working:

0

Employment

during the

lockdown (%)

Overall: 0

(Continued)
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TABLE 1 | Continued

Variables Overall N (%) Male N (%) Female N (%) p-value

Student 4,805 (35.5) 676 (25.4) 4,129 (38.0) Students: 0

Working 4,210 (31.1) 1,425 (53.7) 2,785 (25.6) Working: 0

Didn’t working 4,512 (33.4) 555 (20.9) 3,957 (36.4) Not working:

0

Loss of income since lockdown (%)

Yes 5,336 (39.4) 1,256 (47.3) 4,080 (37.5) 0

No 8,191 (60.6) 1,400 (52.7) 6,791 (62.5)

Struggle to make money last until the end of month (%)

No 5,621 (41.6) 1,119 (42.1) 4,502 (41.4) 0.501

Yes 7,906 (58.4) 1,537 (57.9) 6,369 (58.6)

Struggle to have enough money to shopping (%)

No 6,420 (47.5) 1,340 (50.5) 5,080 (46.7) 0.001

Yes 7,107 (52.5) 1,316 (49.5) 5,791 (53.3)

distribution of the respondents among the different countries,
the higher percentage was recorded in Saudi Arabia (22.8%)
while the lowest percentage was for Oman (1.4%). However,
it is to be noted that a similar percentage of respondents has
been recorded for the MENA region (Middle East and North
Africa countries including Lebanon, Jordan, Egypt, and Palestine;
48.4%) and for the Gulf Cooperation Council (GCC) countries
(the remaining 6 countries; 51.6%). As regards to the educational
level, around 59% of the respondents had a bachelor’s degree
when analyzing both genders together. In addition, a significant
higher percentage (60.8%) of females had bachelor’s degree
compared with males (51.9%) (p-value = 0) (Table 1). The
household composition was also analyzed before and during the
lockdown in which most households were composed of three to
five adults (more than 40%). This trend has been also observed
when considering males and females each separately (Table 1).
When looking to economic characteristics, a similar percentage
of respondents were students (39.2%) and active workers (39.7%)
while the minority were unemployed (21.1%) before the COVID-
19 lockdown. The percentage of unemployed individuals had
increased to 33.4% during the lockdown. This increase has been
also observed for males (7.8% before lockdown to 20.9% during
lockdown) and females (24.4% before lockdown to 36.4% during
lockdown). Moreover, the COVID-19 lockdown has also induced
a loss of income among 39.4% of respondents. This loss was
significantly higher (p-value = 0) for men (47.3%) compared
to women (37.5%). In addition, most respondents, when taken
either all together (58.4%) or categorized as males (57.9%) or
females (58.6%) each alone, struggle to make money last until
the end of the month or to earn enough money for shopping
(52.4, 49.5, and 53.3% for all respondents, men and women
respectively) (Table 1).

Consumption of Food Groups and Food
Consumption Score
Tables 2–5 show the food groups consumption and the FCS in
the overall population, by region and by country.

Fruits Group
In the overall population, fruits consumption (fresh or frozen),
did not differ during the lockdown compared to the period
before (p-value = 0.09). Despite that more than 60% of the EMR
population consume fruits lower than or equal to 4 times a week,
it was observed that the percentage of people consuming fruits
equals five times a week or more was relatively higher in the
MENA region (41.8% before the lockdown and 39.2% during the
lockdown) compared to the GCC countries (32.8% before the
pandemic and 36.5% during the lockdown) before and during the
lockdown (p-value = 0.000 and p-value = 0.001, respectively).
In addition, the percentage of people consuming fruits equals
five times a week or more increased during the lockdown of 4%
in the GCC countries (p-value = 0.000) and decreased of 2.6%
in the MENA region (p-value = 0.000) compared to the period
preceding the pandemic (Table 2).

When analyzed by country, it appeared that before and
during the lockdown, the lowest consumption of fruits was
observed in Kuwait, Saudi Arabia, UAE, and Jordan (Tables 3,
4). In another word, the percentage of people consuming fruits
equals five times a week or more was low in these countries
compared to Bahrain (41.8% before the lockdown and 45.2%
during the lockdown), Oman (56.5% before the lockdown and
60.8% during the lockdown), Qatar (40.6% before and 44%
during the lockdown), Egypt (52.9% before and 55.9% during
the lockdown), Lebanon (48.4% before and 43% during the
lockdown), and Palestine (45.9% before and 39.3% during the
lockdown) (p-value= 0.000) (Tables 3, 4).

Vegetables Group
According to Table 2, it appears that half the population
consumed vegetables equals five times a week or more before
and during the pandemic. Like the fruits group consumption, it
was observed that the percentage of people consuming vegetables
frequently (equals five times a week or more), was higher in the
MENA region before and during the lockdown (59 and 52.2%)
compared to the GCC countries (50.2 and 48.8%) (p-value =

0.000). Furthermore, a decrease in vegetable’s consumption of
4, 2, and 7% was observed during the pandemic in the overall
population, the GCC, and the MENA countries, respectively
(p-value = 0.000, p-value = 0.017, and p-value = 0.000,
respectively). The analysis of data per country showed that the
lowest intake was observed in Saudi Arabia (44.6% before the
lockdown and 43.2% during the lockdown) and the highest intake
was in Oman (71% before the lockdown and 69.4% during the
lockdown) (p-value= 0.000). Furthermore, during the pandemic,
there was a decrease of vegetables intake of 6% in Kuwait (p-value
= 0.000), of 9% in Jordan (p-value = 0.000), of 7% in Lebanon
(p-value = 0.000), and of 10% in Palestine (p-value = 0.000).
However, it remained unchanged in other countries (Tables 3, 4).

Legumes and Pulses Group
More than 80% of people living in the EM countries, in the
current study, where consuming legumes and pulses lower than
or equal to 4 times a week. Nevertheless, the percentage of people
consuming frequently legumes and pulses increased during the
pandemic of 3% in the overall population, the GCC and the
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TABLE 2 | Food groups consumption among countries in the GCC and MENA regions, before and during COVID-19 pandemic.

Overall N (%) GCC N (%) MENA N (%) Comparison MENA vs. GCC

Food groups

consumed

Frequency per

week

Before During p-value Before During p-value Before During p-value p-value

Before COVID-19 During-COVID-19

Fruit (fresh or frozen) 4 or less 8,499 (62.8) 8,410 (62.2) 0.093 4,689 (67.2) 4,429 (63.5) 0 3,810 (58.2) 3,981 (60.8) 0 0 0.001

5 or more 5,028 (37.2) 5,117 (37.8) 2,288 (32.8) 2,548 (36.5) 2,740 (41.8) 2,569 (39.2)

Vegetables (fresh or

frozen)

4 or less 6,162 (45.6) 6,704 (49.6) 0 3,475 (49.8) 3,570 (51.2) 0.017 2,687 (41) 3,134 (47.8) 0 0 0

5 or more 7,365 (54.4) 6,823 (50.4) 3,502 (50.2) 3,407 (48.8) 3,863 (59) 3,416 (52.2)

Legumes/pulses (e.g.,

beans, lentils,

chickpeas)

4 or less 11,248 (83.2) 10,863 (80.3) 0 5,807 (83.2) 5,615 (80.5) 0 5,441 (83.1) 5,248 (80.1) 0 0.801 0.602

5 or more 2,279 (16.8) 2,664 (19.7) 1,170 (16.8) 1,362 (19.5) 1,109 (16.9) 1,302 (19.9)

Nuts 4 or less 10,829 (80.1) 10,704 (79.1) 0.009 5,441 (78) 5,338 (76.5) 0.003 5,388 (82.3) 5,366 (81.9) 0.51 0 0

5 or more 2,698 (19.9) 2,823 (20.9) 1,536 (22) 1,639 (23.5) 1,162 (17.7) 1,184 (18.1)

Processed

meat/poultry/fish/

vegetarian alternatives

4 or less 10,358 (76.6) 11,226 (83) 0 5,146 (73.8) 5,599 (80.2) 0 5,212 (79.6) 5,627 (85.9) 0 0 0

5 or more 3,169 (23.4) 2,301 (17) 1,831 (26.2) 1,378 (19.8) 1338 (20.4) 923 (14.1)

Unprocessed fish 4 or less 12,319 (91.1) 12,003 (88.7) 0 6,230 (89.3) 6,030 (86.4) 0 6,089 (93) 5,973 (91.2) 0 0 0

5 or more 1208 (8.9) 1524 (11.3) 747 (10.7) 947 (13.6) 461 (7) 577 (8.8)

Unprocessed poultry 4 or less 10,292 (76.1) 10,165 (75.1) 0.009 4,974 (71.3) 4,893 (70.1) 0.027 5,318 (81.2) 5,272 (80.5) 0.163 0 0

5 or more 3,235 (23.9) 3,362 (24.9) 2,003 (28.7) 2,084 (29.9) 1,232 (18.8) 1,278 (19.5)

Unprocessed red meat* 4 or less 11,663 (86.2) 11,339 (83.8) 0 5,907 (84.7) 5,671 (81.3) 0 5,756 (87.9) 5,668 (86.5) 0 0 0

5 or more 1,864 (13.8) 2,188 (16.2) 1,070 (15.3) 1,306 (18.7) 794 (12.1) 882 (13.5)

Whole wheat bread,

pasta, grains

4 or less 9,878 (73) 9,486 (70.1) 0 4,848 (69.5) 4,699 (67.3) 0 5,030 (76.8) 4,787 (73.1) 0 0 0

5 or more 3,649 (27) 4,041 (29.9) 2,129 (30.5) 2,278 (32.7) 1,520 (23.2) 1,763 (26.9)

White bread, pasta,

grains

4 or less 8,837 (65.3) 8,535 (63.1) 0 4,541 (65.1) 4,361 (62.5) 0 4,296 (65.6) 4,174 (63.7) 0.001 0.539 0.142

5 or more 4,690 (34.7) 4,992 (36.9) 2,436 (34.9) 2,616 (37.5) 2,254 (34.4) 2,376 (36.3)

Milk 4 or less 8,402 (62.1) 8,304 (61.4) 0.039 3,891 (55.8) 3,884 (55.7) 0.865 4,511 (68.9) 4,420 (67.5) 0.004 0 0

5 or more 5,125 (37.9) 5,223 (38.6) 3,086 (44.2) 3,093 (44.3) 2,039 (31.1) 2,130 (32.5)

Other dairy products 4 or less 6,421 (47.5) 6,550 (48.4) 0.014 3,292 (47.2) 3,286 (47.1) 0.893 3,129 (47.8) 3,264 (49.8) 0 0.494 0.001

5 or more 7,106 (52.5) 6,977 (51.6) 3,685 (52.8) 3,691 (52.9) 3,421 (52.2) 3,286 (50.2)

Sweet snacks 4 or less 9,440 (69.8) 9,176 (67.8) 0 4,616 (66.2) 4,466 (64) 0 4,824 (73.6) 4,710 (71.9) 0.002 0 0

5 or more 4,087 (30.2) 4,351 (32.2) 2,361 (33.8) 2,511 (36) 1,726 (26.4) 1,840 (28.1)

Sugared beverages 4 or less 7,962 (58.9) 8,062 (59.6) 0.051 4,343 (62.2) 4,321 (61.9) 0.564 3,619 (55.3) 3,741 (57.1) 0.001 0 0

5 or more 5,565 (41.1) 5,465 (40.4) 2,634 (37.8) 2,656 (38.1) 2,931 (44.7) 2,809 (42.9)

Fats and oils 4 or less 10,499 (77.6) 10,190 (75.3) 0 5,299 (75.9) 5,073 (72.7) 0 5,200 (79.4) 5,117 (78.1) 0.014 0 0

5 or more 3,028 (22.4) 3,337 (24.7) 1,678 (24.1) 1,904 (27.3) 1,350 (20.6) 1,433 (21.9)

*Unprocessed meats: (refers to all mammalian muscle meat including beef, veal, pork, lamb, mutton, horse, and goat).
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TABLE 3 | Food groups consumption among countries in the GCC region, before and during COVID-19 pandemic.

Bahrain N (%) Kuwait N (%) Oman N (%) Qatar N (%) Saudi Arabia N (%) United Arab Emirates N (%)

Before During p-value Before During p-value Before During p-value Before During p-value Before During p-value Before During p-value

Fruit (fresh or

frozen)

4 or less 403

(58.2)

380

(54.8)

0.071 454

(62.4)

470

(64.6)

0.211 81

(43.5)

73

(39.2)

0.216 388

(59.4)

366

(56)

0.086 2,240

(74.7)

2,140

(71.4)

0 1,123

(65.4)

1,000

(58.2)

0

5 or more 290

(41.8)

313

(45.2)

274

(37.6%)

258

(35.4)

105

(56.5)

113

(60.8)

265

(40.6)

287

(44)

759

(25.3)

859

(28.6)

595

(34.6)

718

(41.8)

Vegetables

(fresh or frozen)

4 or less 308

(44.4)

312

(45)

0.8 316

(43.4)

364

(50)

0 54

(29)

57

(30.6)

0.735 274

(42)

295

(45.2)

0.085 1,660

(55.4)

1,703

(56.8)

0.102 863

(50.2)

839

(48.8)

0.265

5 or more 385

(55.6)

381

(55)

412

(56.6)

364

(50)

132

(71)

129

(69.4)

379

(58)

358

(54.8)

1,339

(44.6)

1,296

(43.2)

855

(49.8)

879

(51.2)

Legumes/

pulses

4 or less 595

(85.9)

583

(84.1)

0.281 603

(82.8)

573

(78.7)

0.012 152

(81.7)

151

(81.2)

1 526

(80.6)

524

(80.2)

0.92 2,554

(85.2)

2,483

(82.8)

0.001 1,377

(80.2)

1,301

(75.7)

0

5 or more 98

(14.1)

110

(15.9)

125

(17.2)

155

(21.3)

34

(18.3)

35

(18.8)

127

(19.4)

129

(19.8)

445

(14.8)

516

(17.2)

341

(19.8)

417

(24.3)

Nuts 4 or less 493

(71.1)

475

(68.5)

0.142 520

(71.4)

535

(73.5)

0.238 130

(69.9)

141

(75.8)

0.054 509

(77.9)

492

(75.3)

0.149 2,460

(82)

2,410

(80.4)

0.025 1,329

(77.4)

1,285

(74.8)

0.014

5 or more 200

(28.9)

218

(31.5)

208

(28.6)

193

(26.5)

56

(30.1)

45

(24.2)

144

(22.1)

161

(24.7)

539

(18)

589

(19.6)

389

(22.6)

433

(25.2)

Processed

meat/poultry/

fish/

vegetarian

alternatives

4 or less 523

(75.5)

559

(80.7)

0.005 528

(72.5)

560

(76.9)

0.015 139

(74.7)

162

(87.1)

0.001 490

(75)

529

(81)

0.001 2,206

(73.6)

2,440

(81.4)

0 1,260

(73.3)

1,349

(78.5)

0

5 or more 170

(24.5)

134

(19.3)

200

(27.5)

168

(23.1)

47

(25.3)

24

(12.9)

163

(25)

124

(19)

793

(26.4)

559

(18.6)

458

(26.7)

369

(21.5)

Unprocessed

fish

4 or less 598

(86.3)

570

(82.3)

0.006 659

(90.5)

646

(88.7)

0.171 152

(81.7)

153

(82.3)

1 598

(91.6)

569

(87.1)

0 2,737

(91.3)

2,655

(88.5)

0 1,486

(86.5)

1,437

(83.6)

0.002

5 or more 95

(13.7)

123

(17.7)

69

(9.5)

82

(11.3)

34

(18.3)

33

(17.7)

55

(8.4)

84

(12.9)

262

(8.7)

344

(11.5)

232

(13.5)

281

(16.4)

Unprocessed

poultry

4 or less 502

(72.4)

477

(68.8)

0.03 565

(77.6)

551

(75.7)

0.239 146

(78.5)

138

(74.2)

0.23 484

(74.1)

479

(73.4)

0.707 1,960

(65.4)

1,961

(65.4)

1 1,317

(76.7)

1,287

(74.9)

0.111

5 or more 191

(27.6)

216

(31.2)

163

(22.4)

177

(24.3)

40

(21.5)

48

(25.8)

169

(25.9)

174

(26.6)

1,039

(34.6)

1,038

(34.6)

401

(23.3)

431

(25.1)

Unprocessed

red meat

4 or less 605

(87.3)

597

(86.1)

0.396 622

(85.4)

606

(83.2)

0.089 163

(87.6)

159

(85.5)

0.556 555

(85)

535

(81.9)

0.027 2,500

(83.4)

2,367

(78.9)

0 1,462

(85.1)

1,407

(81.9)

0.001

5 or more 88

(12.7)

96

(13.9)

106

(14.6)

122

(16.8)

23

(12.4)

27

(14.5)

98

(15)

118

(18.1)

499

(16.6)

632

(21.1)

256

(14.9)

311

(18.1)

Wholewheat

bread, pasta,

grains

4 or less 499

(72)

476

(68.7)

0.087 519

(71.3)

497

(68.3)

0.105 123

(66.1)

127

(68.3)

0.671 468

(71.7)

452

(69.2)

0.205 2,082

(69.4)

2,046

(68.2)

0.18 1,157

(67.3)

1,101

(64.1)

0.008

(Continued)
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TABLE 3 | Continued

Bahrain N (%) Kuwait N (%) Oman N (%) Qatar N (%) Saudi Arabia N (%) United Arab Emirates N (%)

Before During p-value Before During p-value Before During p-value Before During p-value Before During p-value Before During p-value

5 or more 194

(28)

217

(31.3)

209

(28.7)

231

(31.7)

63

(33.9)

59

(31.7)

185

(28.3)

201

(30.8)

917

(30.6)

953

(31.8)

561

(32.7)

617

(35.9)

White bread,

pasta, grains

4 or less 475

(68.5)

436

(62.9)

0.002 508

(69.8)

476

(65.4)

0.015 114

(61.3)

115

(61.8)

1 424

(64.9)

419

(64.2)

0.736 1,899

(63.3)

1,850

(61.7)

0.06 1,121

(65.3)

1,065

(62)

0.006

5 or more 218

(31.5)

257

(37.1)

220

(30.2)

252

(34.6)

72

(38.7)

71

(38.2)

229

(35.1)

234

(35.8)

1,100

(36.7)

1,149

(38.3)

597

(34.7)

653

(38)

Milk 4 or less 364

(52.5)

354

(51.1)

0.403 432

(59.3)

415

(57)

0.146 90

(48.4)

95

(51.1)

0.441 339

(51.9)

341

(52.2)

0.928 1,720

(57.4)

1,724

(57.5)

0.897 946

(55.1)

955

(55.6)

0.654

5 or more 329

(47.5)

339

(48.9)

296

(40.7)

313

(43)

96

(51.6)

91

(48.9)

314

(48.1)

312

(47.8)

1,279

(42.6)

1,275

(42.5)

772

(44.9)

763

(44.4)

Other dairy

products

4 or less 326

(47)

323

(46.6)

0.867 318

(43.7)

326

(44.8)

0.565 77

(41.4)

73

(39.2)

0.607 295

(45.2)

303

(46.4)

0.536 1,413

(47.1)

1,427

(47.6)

0.587 863

(50.2)

834 (48.5) 0.145

5 or more 367

(53)

370

(53.4)

410

(56.3)

402

(55.2)

109

(58.6)

113

(60.8)

358

(54.8)

350

(53.6)

1,586

(52.9)

1,572

(52.4)

855

(49.8)

884

(51.5)

Sweet snacks 4 or less 496

(71.6)

487

(70.3)

0.481 430

(59.1)

413

(56.7)

0.184 145

(78)

136

(73.1)

0.2 433

(66.3)

443

(67.8)

0.444 1,978

(66)

1,886

(62.9)

0 1,134

(66)

1,101

(64.1)

0.112

5 or more 197

(28.4)

206

(29.7)

298

(40.9)

315

(43.3)

41

(22)

50

(26.9)

220

(33.7)

210

(32.2)

1,021

(34)

1,113

(37.1)

584

(34)

617

(35.9)

Sugared

beverages

4 or less 435

(62.8)

423

(61)

0.315 427

(58.7)

421

(57.8)

0.642 121

(65.1)

122

(65.6)

1 393

(60.2)

386

(59.1)

0.585 1,810

(60.4)

1,850

(61.7)

0.098 1,157

(67.3)

1,119

(65.1)

0.056

5 or more 258

(37.2)

270

(39)

301

(41.3)

307

(42.2)

65

(34.9)

64

(34.4)

260

(39.8)

267

(40.9)

1,189

(39.6)

1,149

(38.3)

561

(32.7)

599

(34.9)

Fats and oils 4 or less 509

(73.4)

482

(69.6)

0.026 512

(70.3)

502

(69.0)

0.444 152

(81.7)

148

(79.6)

0.596 493

(75.5)

469

(71.8)

0.040 2,376

(79.2)

2,287

(76.3)

0 1,257

(73.2)

1,185

(69.0)

0

5 or more 184

(26.6)

211

(30.4)

216

(29.7)

226

(31.0)

34

(18.3)

38

(20.4)

160

(24.5)

184

(28.2)

623

(20.8)

712

(23.7)

461

(26.8)

533

(31.0)
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TABLE 4 | Food groups consumption among countries in the MENA region, before and during COVID-19 pandemic.

Egypt N (%) Jordan N (%) Lebanon N (%) Palestine N (%)

Before During p-value Before During p-value Before During p-value Before During p-value

Fruit (fresh or

frozen)

4 or less 346

(47.1)

324

(44.1)

0.086 1,821

(68.1)

1,836

(68.6)

0.538 1,178

(51.6)

1,300

(57)

0 465

(54.1)

521

(60.7)

0

5 or more 388

(52.9)

410

(55.9)

854

(31.9)

839

(31.4)

1104

(48.4)

982

(43)

394

(45.9)

338

(39.3)

Vegetables (fresh

or frozen)

4 or less 290

(39.5)

283

(38.6)

0.625 1,233

(46.1)

1,448

(54.1)

0 822

(36)

979

(42.9)

0 342

(39.8)

424

(49.4)

0

5 or more 444

(60.5)

451

(61.4)

1,442

(53.9)

1,227

(45.9)

1,460

(64)

1,303

(57.1)

517

(60.2)

435

(50.6)

Legumes/pulses 4 or less 614

(83.7)

584

(79.6)

0.008 2,257

(84.4)

2,195

(82.1)

0.004 1,848

(81)

1,775

(77.8)

0.001 722

(84.1)

694

(80.8)

0.027

5 or more 120

(16.3)

150

(20.4)

418

(15.6)

480

(17.9)

434

(19)

507

(22.2)

137

(15.9)

165

(19.2)

Nuts 4 or less 609

(83)

577

(78.6)

0.003 2,173

(81.2)

2,147

(80.3)

0.239 1,920

(84.1)

1,947

(85.3)

0.147 686

(79.9)

695

(80.9)

0.497

5 or more 125

(17)

157

(21.4)

502

(18.8)

528

(19.7)

362

(15.9)

335

(14.7)

173

(20.1)

164

(19.1)

Processed

meat/poultry/

fish/vegetarian

alternatives

4 or less 617

(84.1)

650

(88.6)

0.003 2,044

(76.4)

2,262

(84.6)

0 1,857

(81.4)

1,991

(87.2)

0 694

(80.8)

724

(84.3)

0.022

5 or more 117

(15.9)

84

(11.4)

631

(23.6)

413

(15.4)

425

(18.6)

291

(12.8)

165

(19.2)

135

(15.7)

Unprocessed

fish

4 or less 688

(93.7)

676

(92.1)

0.134 2,441

(91.3)

2,376

(88.8)

0 2,152

(94.3)

2,140

(93.8)

0.366 808

(94.1)

781

(90.9)

0.003

5 or more 46

(6.3)

58

(7.9)

234

(8.7)

299

(11.2)

130

(5.7)

142

(6.2)

51

(5.9)

78

(9.1)

Unprocessed

poultry

4 or less 613

(83.5)

593

(80.8)

0.06 2,010

(75.1)

1,989

(74.4)

0.387 2,032

(89)

2,033

(89.1)

1 663

(77.2)

657

(76.5)

0.683

5 or more 121

(16.5)

141

(19.2)

665

(24.9)

686

(25.6)

250

(11)

249

(10.9)

196

(22.8)

202

(23.5)

Unprocessed

red meat

4 or less 643

(87.6)

624

(85)

0.048 2,307

(86.2)

2,255

(84.3)

0.009 2,043

(89.5)

2,041

(89.4)

0.948 763

(88.8)

748

(87.1)

0.18

5 or more 91

(12.4)

110

(15)

368

(13.8)

420

(15.7)

239

(10.5)

241

(10.6)

96

(11.2)

111

(12.9)

Sweet snacks 4 or less 583

(79.4)

552

(75.2)

0.007 1,931

(72.2)

1,829

(68.4)

0 1,664

(72.9)

1,734

(76)

0.001 646

(75.2)

595

(69.3)

0

5 or more 151

(20.6)

182

(24.8)

744

(27.8)

846

(31.6)

618

(27.1)

548

(24)

213

(24.8)

264

(30.7)

(Continued)
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TABLE 4 | Continued

Egypt N (%) Jordan N (%) Lebanon N (%) Palestine N (%)

Before During p-value Before During p-value Before During p-value Before During p-value

Wholewheat

bread, pasta,

grains

4 or less 535

(72.9)

519

(70.7)

0.195 2,092

(78.2)

1,966

(73.5)

0 1,757

(77)

1,694

(74.2)

0.003 646

(75.2)

608

(70.8)

0.008

5 or more 199

(27.1)

215

(29.3)

583

(21.8)

709

(26.5)

525

(23)

588

(25.8)

213

(24.8)

251

(29.2)

White bread,

pasta, grains

4 or less 482

(65.7)

433

(59)

0 1,767

(66.1)

1,728

(64.6)

0.122 1,491

(65.3)

1,484

(65)

0.79 556

(64.7)

529

(61.6)

0.063

5 or more 252

(34.3)

301

(41)

908

(33.9)

947

(35.4)

791

(34.7)

798

(35)

303

(35.3)

330

(38.4)

Milk 4 or less 318

(43.3)

298

(40.6)

0.045 1,962

(73.3)

1,892

(70.7)

0.001 1,678

(73.5)

1,693

(74.2)

0.433 553

(64.4)

537

(62.5)

0.164

5 or more 416

(56.7)

436

(59.4)

713

(26.7)

783

(29.3)

604

(26.5)

589

(25.8)

306

(35.6)

322

(37.5)

Other dairy

products

4 or less 277

(37.7)

277

(37.7)

1 1,399

(52.3)

1,416

(52.9)

0.488 1,039

(45.5)

1,155

(50.6)

0 414

(48.2)

416

(48.4)

0.941

5 or more 457

(62.3)

457

(62.3)

1,276

(47.7)

1,259

(47.1)

1,243

(54.5)

1,127

(49.4)

445

(51.8)

443

(51.6)

Sugared

beverages

4 or less 422

(57.5)

428

(58.3)

0.634 1,494

(55.9)

1,516

(56.7)

0.371 1,282

(56.2)

1,359

(59.6)

0 421

(49)

438

(51)

0.216

5 or more 312

(42.5)

306

(41.7)

1,181

(44.1)

1,159

(43.3)

1,000

(43.8)

923

(40.4)

438

(51)

421

(49)

Fats and oils 4 or less 637

(86.8)

612

(83.4)

0.017 2,081

(77.8)

1,979

(74.0)

0 1,814

(79.5)

1,878

(82.3)

0.001 668

(77.8)

648

(75.4)

0.123

5 or more 97

(13.2)

122

(16.6)

594

(22.2)

696

(26.0)

468

(20.5)

404

(17.7)

191

(22.2)

211 (24.6)
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MENA region (p-value = 0.000, p-value = 0.000 and p-value
= 0.000, respectively). When comparing the consumption of
legumes and pulses between GCC and MENA countries, before
and during the lockdown, no difference was observed (p-value=
0.8 and p-value = 0.6, respectively) (Table 2). Furthermore, the
intake of legumes and pulses, before and during the pandemic,
were around 20% or less in all the countries studied. An increase
ranging between 2 and 4% of legumes and pulses intake was
observed in Saudi Arabia (p-value = 0.001), Jordan (p-value =

0.004), Lebanon (p-value = 0.001), Palestine (p-value = 0.027),
Kuwait (p-value = 0.012), UAE (p-value = 0.000), and Egypt
(p-value= 0.008) (Tables 3, 4).

Nuts Group
Three quarters of the population were consuming nuts lower
than or equal to 4 times a week. As per Table 2, the percentage of
people consuming frequently nuts and derivatives was higher in
the GCC countries (22% before the lockdown and 23.5% during
the lockdown) compared to the MENA countries (17.7% before
the lockdown and 18.1% during the lockdown) before and during
the lockdown (p-value= 0.000 and p-value= 0.000, respectively).
A slight significant increase (around 1%) in the consumption
of nuts group was observed during the pandemic in the overall
population and in the GCC countries only (p-value = 0.000 and
p-value= 0.000, respectively). This was not the case in theMENA
countries (p-value = 0.51). Per country, a slight increase of 1.6%
was observed in Saudi Arabia (p-value = 0.025), of 3% in UAE
(p-value = 0.014) and of 4% in Egypt (p-value = 0.003) only.
The lowest consumption of nuts group was observed in Lebanon
(15.9% before the lockdown and 14.7% during the lockdown) and
the highest intake was in Bahrain (29% before the lockdown and
31.5% during the lockdown) (Tables 3, 4).

Processed Meat/Poultry/Fish/Vegetarian Alternatives
A range between 14 and 26% of people living in the EM
countries were consuming frequently (equals five times a week
ormore) processedmeat/poultry/fish and vegetarian alternatives,
before and during the pandemic. The consumption of this
food group was higher in the GCC countries before and
during the pandemic (26.2 and 19.8%, respectively) compared
to the MENA countries (20.4% and 14.1%, respectively) (p-
value = 0.000 and p-value = 0.000). A decrease of 6% in
the consumption of this food group was observed during the
lockdown in the EM countries together and in each GCC and
MENA countries alone (p-value = 0.000, p-value = 0.000 and p-
value = 0.000, respectively) (Table 2). The per-country analysis
of data on processed meat/poultry/fish/vegetarians’ alternatives
intake showed a decrease of 5% in Bahrain (p-value= 0.005), 4%
in Kuwait (p-value= 0.015), 12% in Oman (p-value= 0.001), 6%
in Qatar (p-value= 0.001), 8% in Saudi Arabia (p-value= 0.000),
5% in UAE (p-value= 0.000), 4% in Egypt (p-value= 0.003), 8%
in Jordan (p-value = 0.000), 6% in Lebanon (p-value = 0.000),
and 4% in Palestine (p-value= 0.022) (Tables 3, 4).
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Unprocessed Fish, Unprocessed Poultry, and

Unprocessed Meats
It was observed that <30% of the population ate frequently
unprocessed fish, poultry, and meats. The frequency of
consumption of this food group was higher in the GCC countries
compared to the MENA countries, before and during the
pandemic (p-value = 0.000 and p-value = 0.000, respectively). A
slight significant increase (1–3%) was observed in the frequency
of consumption of this group during the pandemic in the EM
countries together (fish-p-value= 0.000, poultry-p-value= 0.009
and meat-p-value = 0.000) and in the GCC countries (fish-p-
value= 0.000, poultry-p-value-0.027 and meat-p-value= 0.000).
Same trend was observed in the MENA countries, except for
the consumption of poultry group which remained unchanged
before and during the pandemic (p-value = 0.16) (Table 2). The
lowest consumption of unprocessed fish (5.7% before and 6.2%
during the lockdown), poultry (11% before and 10.9% during
the lockdown), and meats (10.5% before and 10.6% during the
lockdown) was observed in Lebanon (Table 4). The intake of
fish increased during the pandemic in a range between 2 and
4% significantly in Bahrain (p-value = 0.006), in Qatar (p-value
= 0.000), in Saudi Arabia (p-value = 0.00), in UAE (p-value
= 0.002), in Jordan (p-value = 0.000), and in Palestine (p-
value = 0.003) and remained unchanged in the other countries
(Tables 3, 4). The intake of poultry had increased around 4%
during the pandemic in Bahrain only (p-value = 0.03) and
remained stable in all the remaining countries. The percentage
of people consuming red meats equals five times a week or more,
increased during the pandemic in Egypt (3%, p-value = 0.048),
Jordan (5%, p-value = 0.009), Qatar (3%, p-value = 0.027),
Saudi Arabia (4%, p-value = 0.000), and UAE (3%, p-value =

0.001) only.

White and Whole Wheat, Bread, Pasta, and Grains
Only 30% of the EM population in this study were consuming
wholewheat bread, pasta, and grains in a frequency equals five
times a week or more. An increase of 3% was observed during
the pandemic (p-value = 0.00). The frequency of consumption
of this food group in the GCC countries (30.5% before the
lockdown and 32.7% during the lockdown) was higher than that
observed in the MENA region (23.2% before the lockdown and
26.9% during the lockdown) (p-value = 0.000 and p-value =

0.000, respectively). On the other hand, the percentage of people
consuming white bread, pasta, and grains were relatively high
in the MENA countries as well as in GCC countries compared
to those who consumed whole grains frequently. Furthermore,
no significant differences were observed between the frequent
consumption of these two food groups among the GCC and the
MENA countries (p-value = 0.5 and p-value = 0.1, respectively)
(Table 2). Before the pandemic, the highest intake of wholewheat
and white breads/pasta and grains was observed in Oman (33.9%
before and 38.7% during the lockdown, respectively) and during
the lockdown the highest intake of this group was observed
in Palestine (38.4%) and in Egypt (41%) (p-value = 0.000). It
was observed that the consumption of wholewheat food groups
increased during the lockdown of 3% in UAE (p-value = 0.008),
5% in Jordan (p-value= 0.00), 2% in Lebanon (p-value= 0.003),

and 5% in Palestine during the lockdown (p-value = 0.008)
and remained unchanged in the other countries. However, the
consumption of white breads/pasta and grains increased during
the lockdown of 6% in Bahrain (p-value= 0.002), of 4% inKuwait
(p-value = 0.015) of 2% in Saudi Arabia (p-value = 0.06) and of
7% in Egypt (p-value= 0.000) (Tables 3, 4).

Milk and Dairy Products Group
More than half the population were consuming milk and dairy
products lower than or equal to 4 times a week. The consumption
of milk and dairy products, during the pandemic, were higher
in the GCC countries (44.3 and 52.9%) compared to the MENA
countries (32.5 and 50.2%) (p-value= 0.000 and p-value=0.001,
respectively). Overall, during the lockdown, a slight increase
was remarkable in the consumption of milk (0.6%, p-value =

0.03) along with a slight decrease in the consumption of other
dairy products e.g., Cheese and yogurt (0.9%, p-value = 0.014)
(Table 2). The analyses per country showed an increase in the
milk intake of 3% in Egypt (p-value= 0.045) and Jordan (p-value
= 0.001) and a decrease in other dairy products consumption of
5% in Lebanon (p-value= 0.000) (Tables 3, 4).

Sugar Group (Products and Beverages)
A range between 40 and 45% of the population studied consumed
this group equals five times a week or more. Despite the increase
in the frequency of consumption of sugary beverages products
in the studied EM countries (p-value = 0.000), in the GCC
countries (p-value= 0.000) and in the MENA countries (p-value
= 0.002), more than 36% of the population consumed this group
4 times and more, per week (Table 2). An increase of 3–6% in
the consumption of sweet products was observed during the
lockdown in Saudi Arabia (p-value = 0.000), Egypt (p-value =

0.007), Jordan (p-value= 0.000), and Palestine (p-value= 0.000)
along with a decrease of 3% in Lebanon (p-value = 0.001). The
intake of sugary beverages did not differ between the 2 periods of
time except in Lebanon in which the consumption decreased of
3% (p-value= 0.000) (Tables 3, 4).

Fats and Oils Group
It was observed that added fats and oils were less frequently
consumed in the EM countries studied (around 25% of the total
population). A slight increase of 1–4% was observed among
the EMR, GCC, and MENA countries (p-value = 0.000, p-
value = 0.000 and p-value = 0.014, respectively). All in all, the
consumption of added fats and oils was higher in the GCC
compared to the MENA countries, before (24 vs. 20%; p-value
= 0.000) and during the lockdown (27 vs. 22%; p-value = 0.000)
(Table 2). At the GCC countries level, the consumption of food
groups increased of 3% during the lockdown in Bahrain (p-value
= 0.026), in Qatar (p-value = 0.04), in Saudi Arabia (p-value =
0.00), and in UAE (p-value= 0.00). Similarly, an increase of up to
4% was observed in Egypt (p-value = 0.017) and Jordan (p-value
= 0.00) alongwith a decrease of 3% in Lebanon (p-value= 0.001).
Prior to and during the lockdown, the lowest intake of added fats
and oils was observed in Egypt (13 vs. 16%, respectively) and
the highest was in Kuwait (around 30% in both study periods)
(Tables 3, 4).
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FIGURE 1 | (A) Food groups consumed frequently by people having low FCS in the EM countries prior to the pandemic. (B) Food groups consumed frequently by

people having low FCS in the EM countries during the pandemic.

The Food Consumption Score was calculated based on
the equation explained previously. Compared to the period
preceding the pandemic, the mean levels, and SD of the FCS in all
the countries studied was equal to 100.3 ± 45.9 and it remained
unchanged during the pandemic (p-value = 0.13). Before the
pandemic, the FCS in the GCC countries (104.8 ± 46.7) was
higher than that of the MENA countries (95.5 ± 44.7) (p-value
= 0.000). However, during the pandemic, the FCS declined in
the MENA countries from 95.5 to 93.9 (p-value = 0.00) but

remained unchanged in the GCC countries (p-value= 0.08). The
lowest FCS values were observed in the MENA countries: Jordan,
Lebanon, and Palestine (Table 5). The percentage of people
having low FCS (<42) increased from 9.3 to 11.4% in the overall
EM countries studied during the lockdown. Moreover, in the
GCC and the MENA countries, the percentage of people having
low FCS increased from to 8% to 9.3% and from 10.8 to 13.6%,
respectively (p-value = 0.00 and p-value = 0.00, respectively).
The percentage of people with high FCS decreased of 3% in
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Jordan, 2.7% in Kuwait, 4.6% in Lebanon, 1.7% in Saudi Arabia,
and 3.2% in Palestine (p-value = 0.00) (Table 5). However, this
was not significant for three countries which includes UAE,
Oman, and Qatar. The percentage of people having high FCS
increased insignificantly of 1.9% in Egypt (p-value = 0.09) and
remained stable in Bahrain. Figures 1A,B showed the percentage
of food groups consumed frequently by people with low FCS.
These households were mainly dependent on sugary beverages
and vegetables intake rather than other nutritious food groups.
Same trends were observed before and during the pandemic
(Figures 1A,B).

Food Consumption Patterns and Mitigation
Measures
Cooking Practices and Barriers
Table 3 shows that most cooking practices (11 out of 13) showed
a significant increase during the lockdown. The highest increase
was recorded for cooking with leftover foods (60.4% positive
answers before lockdown compared to 65.7% during lockdown)
(p-value = 0.00). The only practices that showed a significant
decrease during lockdown was throwing away food leftovers
(33.8% before lockdown compared to 32.5% during lockdown)
(p-value = 0.00). It was observed that the attitudes of “planning
a nutritious-varied diet” and “thinking about healthy choices”
increased of 4.7% and 2.6% during the lockdown (p-value= 0.00
and p-value = 0.00), respectively, despite the null change in the
practice of “cooking meals using healthy ingredients” (p-value =
0.3) and despite the null change also in “feeling confident about
managing money to buy healthy food” (p-value= 0.6). Similarly,
a significant increase of around 4.5% was observed in the practice
of “reading of nutrition panels to make healthy choices” (p-value
= 0.00).More than 65% of people were “changing recipes tomake
them healthier,” were “cooking with leftovers” and were avoiding
“throwing away foods.” As for barriers against healthy cooking,
almost 34–38% of people “didn’t have the funds or the access for
the foods/ingredients they needed or wanted to buy” and 28% of
them “didn’t have access to cooking facilities (stove, oven. . . )” (p-
value = 0.00). At the level of the GCC and the MENA countries,
we noticed a range between 23–47% and 20–50%, respectively, of
people whowere ignoring planning varied diet, avoiding thinking
about healthy choices, disregard managing money to buy healthy
food, pay no attention to cook meals at home using healthy
ingredients, avoid changing recipes to make them healthier and
ignore the nutrition panel to make healthy choices. Moreover,
three quarters of the people living in GCC countries and 60%
of those living in the MENA countries, were having monetary
access to buy health food, were having access to food and also
to cooking facilities. This trend decreases significantly in a range
between 2 and 6% in the GCC countries and a range of 2% to
10% in the MENA countries, during the lockdown, ameliorating
by this the cooking practices during this period of time in both
regions (Supplementary Table S1). The analysis by gender shows
the same significant trends as in the overall population (Data
not shown). All in all, it was observed that during the pandemic,
men witnessed a significant modification in cooking practices of
which planning to consume healthy varied diet (p-value = 0.00),

cooking healthymeals and recipes (p-value= 0.00) from leftovers
(p-value = 0.00). Similar trend was also shown in women (Data
not shown).

Criteria for Recipe Selection
With regards to the criteria for recipes selection, the lockdown
due to the COVID-19 pandemic was found to significantly
increase the percentage of agreeing responses for all criterions.
For instance, during the lockdown, more than 70% of people
selected their recipes with few ingredients (71.5%) that are
easily available at home (79.4%) or at store (79.3%), inexpensive
(68%), and healthy (72.8%) (Supplementary Table S2). Before
the pandemic, more than half to three quarters the people
living in the EM countries studied, were selecting recipes
that were achievable with few ingredients, were available at
home or can be easily found at the store, inexpensive to
prepare, healthy, and cheap. During the lockdown, an increase
ranging between 2 and 20%, was observed in these patterns
(Supplementary Table S2).

Dietary Shopping Practices
Shopping practices have also been affected during the lockdown.
Indeed, more than 60% of respondents agreed that they search
more for cheapest prices before and during the lockdown. While,
this increase was not very important and not significant, we
observed a significant similar trend when analyzing by gender
(p-value= 0.00) (Supplementary Table S3).

During the lockdown, respondents admitted significantly a
reduction of 12.8% less going physically to select and buy
food and that they preferred to order their food products
online (variation of 1.2%) and have it delivered at home
rather than being delivered at a seller’s point (4.4%) (p-value
= 0.00). Regarding places of groceries shopping, there was
a significant decrease during the lockdown whatever was the
place. In addition, it is remarkable that respondents had shown
a disinterest of buying food at organic/ fair trade shops or
specialty stores during lockdown. Before the pandemic, in the
GCC countries, there was a decrease in shopping patterns of
which a decrease of 17% in shopping foods physically from
markets (p-value = 0.00), of 10% in shopping groceries from
supermarkets (p-value = 0.001), of 6% in shopping from corner
stores (p-value = 0.00), a range of 7% to 16% in shopping from
farmer or organic stores, of 19% in shopping from specialties
store (butcher, bakery, etc.. . . ) (p-value = 0.00) and of 5% in
buying meal boxes (p-value = 0.00). However, a 4% increase in
making online food orders (p-value = 0.00) was observed. At
the MENA countries, we noticed the same trends in shopping
patterns, however, people living in these countries were making
less orders online to buy groceries and reach markets more
frequently compared to people living in the MENA countries
(Supplementary Table S3).

Food Stock
Food storage was also affected during the pandemic. Figure 2
shows the distribution of food groups in term of storage in
the overall countries and by regions. We observed a huge
increase in storage for pasta, rice, or other grains, for water,
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FIGURE 2 | Food stock patterns during the pandemic, overall and by regions.

and for flour. This increase was to a less extent for potatoes,
legumes/pulses, bread, eggs, milk, and other dairy products.
On the other hand, ready-made meals and fish (fresh, frozen
and canned) were less stored during lockdown. Furthermore,
lockdown did not show any impact on storage of fruits in any
of its forms as well as vegetarian alternatives and salty snacks.
When comparing the regions, we observed a high storage of
flour (39%), pasta (38.4%), water (32.2%), and bread (30.9%) in
the MENA countries. On the other hand, pasta (26.6%), water
(26.2%), flour (23%), and milk (19%) were the more stored in the
GCC countries.

Determinants of Food Insecurity in the Overall

Population
Many factors affected the FCS of the people living in the EM
countries studied. Before the pandemic, the percentage of people,
living in the GCC countries, and having low FCS was 8% and
increased to reach 9.3% during the pandemic. On the other hand,
10.6 and 13.6% of the MENA population studied had a low
FCS before the pandemic and during the pandemic, respectively
(Table 6). The determinants of food insecurity indicated by “low
FCS” in the overall population, before and during the pandemic,
is conditioned by many variables of which the region, gender, age
categories, some cooking practices, cooking with leftovers and
education. To explain, prior to the pandemic, the odds of low FCS
in the MENA countries was 1.3 higher than in the GCC countries
[OR:1.3; 95% CI (1.23- 1.56)]. Moreover, women were witnessing
a FCS of 1.3 times higher than men [OR:1.3; 95% CI (1.19–1.59)].
Compared to adolescents (18 years), adults and elderly people
were had a high FCS compared to younger people [OR:0.34; 95%
CI (0.14-0.81)] and [OR:0.36; 95% CI (0.15–0.85)], respectively.
Some cooking practices affected the FCS of the population

studied. For instance, planning meals to include a variety of food
[OR:1.4; 95% CI (1.21–1.64)], thinking about healthy choices
when deciding the food choices [OR:1.2; 95% CI (1.06–1.47)],
cooking meals at home using healthy ingredients [OR:1.3; 95%
CI (1.10–1.57)], managing financially the healthy meal’s content
confidently [OR:1.4; 95% CI (1.17–1.68)], and cooking with
leftovers [OR:1.17; 95% CI (1.02–1.33)], all together increased
the FCS of around 1.4 odds compared to people who did not
practiced these patterns. As for the education, it appears that
people with high school diploma or bachelor’s degree or master’s
degree had a 70% [OR:0.3; 95% CI (0.23–0.58)], 30% [OR:0.6;
95%CI (0.40–0.92)], and 35% [0.65; 95%CI (0.43–0.97)] higher
FCS compared to those who attained lower levels of education.
During the pandemic, the binary logistic regression analysis
shows that people living in the MENA countries had a lower
FCS of 1.5 times compared to those living in the GCC countries
[OR:1.59; 95%CI (1.42–1.78)]. In addition, women were having
a higher FCS of 1.11 times more [OR:1.11; CI (0.96–1.27)]
compared with men. The age categories youth, adults and elderly
had 60% [OR: 0.39; 95%CI (0.16–0.96)], 65% [OR: 0.39; 95%CI
(0.16–0.96)], and 70% [OR: 0.39; 95%CI (0.16–0.96)], higher
FCS respectively, compared with adolescent category. With
regards to cooking practices, planning healthy meals [OR:1.34;
95%CI (1.15–1.57)], managing financially and confidently the
preparation of healthy meals [OR:1.26; 95%CI (1.08–1.46)],
cooking meals at home using healthy ingredients [OR:1.59;
95%CI (1.33–1.90)] and cooking with leftovers [OR:1.14; 95%CI
(1.01–1.29)] all together had an impact on the FCS by increasing
it in a range between 1.1 and 1.3 times. As for the educational
level, people with higher education e.g., high school diploma
and bachelor’s degree had a higher FCS of 57% [OR:0.43; 95%
CI (0.29–0.65)] and 35% [OR:0.65; 95% CI (0.45–0.93)] more
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TABLE 6 | Backwards Odds ratios (OR) according to food consumption score.

Independent variable Binary logistic regression

Before lockdown Odds ratio OR confidence interval p-value

Region: MENA vs. GULF 1.389 [1.230–1.569] 0

Gender: Female vs. Male 1.382 [1.196–1.598] 0

Age group: Youth vs. Adolescents 0.45 [0.184–1.101] 0.08

Age group: Adults vs. Adolescents 0.345 [0.146–0.813] 0.015

Age group: Elderly vs. Adolescents 0.367 [0.158–0.852] 0.02

Plan meals to include all food groups: positive vs. negative 1.413 [1.215–1.644] 0

Think about healthy choices when deciding what to eat: positive vs. negative 1.253 [1.066–1.474] 0.006

Feel confident about managing money to buy healthy food: positive vs. negative 0.873 [0.750–1.016] 0.078

Use the nutritional information panel: positive vs. negative 0.894 [0.758–1.055] 0.185

Use other parts of food label to make food choices: positive vs. negative 1.16 [0.983–1.367] 0.078

Cook meals at home using healthy ingredients: positive vs. negative 1.322 [1.109–1.575] 0.002

Feel confident about cooking a variety of healthy meals: positive vs. negative 1.41 [1.178–1.686] 0

Change recipes to make them healthier: positive vs. negative 1.061 [0.905–1.244] 0.463

Cook with leftover food: positive vs. negative 1.17 [1.029–1.331] 0.017

Throw away leftover food: positive vs. negative 0.938 [0.828–1.063] 0.318

Education level: High school diploma vs. under a high school diploma 0.374 [0.239–0.585] 0

Education level: Bachelor’s degree vs. under a high school diploma 0.61 [0.402–0.926] 0.02

Education level: Master’s degree vs. under a high school diploma 0.653 [0.438–0.974] 0.037

Education level: Doctorate vs. under a high school diploma 0.985 [0.634–1.531] 0.947

Employment status: I worked vs. I was a student 1.144 [0.927–1.411] 0.21

Employment status: I didn’t work vs. I was a student 1.144 [0.961–1.363] 0.13

During lockdown Odds ratio OR Confidence Interval P-value

Region: MENA vs. GULF 1.594 [1.425–1.782] 0

Gender: Female vs. Male 1.111 [0.968–1.275] 0.133

Age group: Youth vs. Adolescents 0.399 [0.165–0.965] 0.042

Age group: Adults vs. Adolescents 0.355 [0.151–0.835] 0.018

Age group: Elderly vs. Adolescents 0.292 [0.126–0.677] 0.004

Plan meals to include all food groups: positive vs. negative 1.346 [1.150–1.576] 0

Think about healthy choices when deciding what to eat: positive vs. negative 1.09 [0.922–1.288] 0.313

Feel confident about managing money to buy healthy food: positive vs. negative 1.26 [1.085–1.463] 0.002

Use the nutritional information panel: positive vs. negative 0.903 [0.760–1.072] 0.243

Use other parts of food label to make food choices: positive vs. negative 1.045 [0.879–1.241] 0.618

Cook meals at home using healthy ingredients: positive vs. negative 1.593 [1.335–1.902] 0

Feel confident about cooking a variety of healthy meals: positive vs. negative 1.106 [0.922–1.327] 0.278

Change recipes to make them healthier: positive vs. negative 1.036 [0.884–1.213] 0.665

Cook with leftover food: positive vs. negative 1.147 [1.015–1.296] 0.028

Throw away leftover food: positive vs. negative 0.97 [0.862–1.091] 0.612

Education level: High school diploma vs. under a high school diploma 0.437 [0.294–0.651] 0

Education level: Bachelor’s degree vs. under a high school diploma 0.652 [0.452–0.939] 0.022

Education level: Master’s degree vs. under a high school diploma 0.742 [0.524–1.052] 0.094

Education level: Doctorate vs. under a high school diploma 1.07 [0.729–1.571] 0.73

Employment status: I worked vs. I was a student 0.898 [0.738–1.092] 0.28

Employment status: I didn’t work vs. I was a student 1.081 [0.920–1.269] 0.344

compared to people with lower educational level. It was noticed
that there was no impact of reading the nutritional panel,
changing recipes tomake them healthier, throwing away leftovers
and employment on FCS, neither before nor during the lockdown
(Table 6).

DISCUSSION

The present study, the first of its kind in the region, aimed to
assess the food consumption patterns, and the household’s dietary
diversity through the assessment of food consumption score and
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food-related patterns in 10 Eastern Mediterranean countries. At
regional level, before and during the lockdown, the majority of
food groups were consumed in a frequency of <3 times per
week in the 10 Eastern Mediterranean countries: fruits (3 out
of 5 persons), vegetables (1 over 2 persons), legumes and pulses
(4 over 5 persons), nuts (3 out of 4 persons), unprocessed fish,
poultry, and meats (3 out of 5 persons), milk and other dairy
products (one over two persons), and added fats and oils (around
one over 4 person). On the other hand, some food groups were
consumed frequently (more than 4 times per week): each 13
over 50 persons were consuming processedmeat/poultry/fish and
vegetarian alternatives, each 9 over 20 persons consume sugary
products, 3 out of 10 and 9 over 25 people were consuming
wholewheat groups and white grains group, respectively. The
confinement due to COVID-19 induced an increase in the
consumption of legumes and pulses (3%, p-value = 0.00), nuts
(1%, p-value = 0.009), unprocessed meats, poultry and fish (1–
3%, p-value = 0.00), white grains group (2%, p-value = 0.00),
whole wheat groups (3%, p-value = 0.00), milk (0.6%, p-value
= 0.00), sugar (2%, p-value = 0.00), and added fats and oils
(2%, p-value = 0.00). In contrast, a decrease of 4%, 6% and
0.9% was observed in the consumption of vegetables (p-value
= 0.00), processed meats, poultry, and fish (p-value = 0.00)
and other dairy products (p-value = 0.01), respectively. The
consumption of fruits remained unchanged (p-value = 0.09).
The FCS decreased of 3% in Jordan, 2.7% in Kuwait, 4.6%
in Lebanon, 1.7% in Saudi Arabia and 3.2% in Palestine. It
remained unchanged in UAE, Oman, Qatar, Bahrain, and Egypt.
The most cooking practices (11 out of 13) showed a significant
increase during the lockdown in the overall population and
the proportions of food stocked have been changing since the
start of COVID-19 and higher amounts of pasta, rice and other
grains were stocked with an unchanged consumption rate of
fruits and vegetables. Well, several challenges were observed
throughout the epidemic such as absence of food, going to
several places to find it, inability to afford some types, worries
on food safety, and finding the best-price shops for buying some
foods. Consumers tend to limit food types they cannot afford
such as meat and fish and start consuming higher quantities
of starchy food due to their wide availability and cheap prices
(7). The mental status and anxiety related to food availability
can push food insecure consumers toward more consumption
of fruits, savory snacks, sweets, and candies which in turn can
cause weight gain, as appeared in many other studies (9–11).
Furthermore, COVID-19 pandemic was acquainted by a need
for mitigation measures to compensate for household economic
crisis. Consumers were forced to change their food consumption
patterns involuntarily, rely on savings, sell household durable
assets and livestock, buy foods with high shelf-life, eat less,
buy cheaper food, and accept food from friend as a mean of
mitigation measures (7). In many countries, physical distancing
requirements and the international restrictions on travel along
with the fear of disease have led to quarantining millions of
people and affecting the global economy, social lives, tourism,
and the hospitality industries that imposed disruption of supply
chains for fresh produce, perishable and nutritious foods, such
as fruits and vegetables, meat, milk and other dairy products

that often requires many people to work in presence to cultivate,
harvest and process. Moreover, it is affecting the production and
transportation of manufactured food products. The pandemic
also closed the informal markets exacerbating the inaccessibility
of nutritious foods as well as livelihoods of vulnerable people.
In high- and upper-middle-income countries, the cheap, highly
processed, packaged foods with longer shelf life bombarded
with high amounts of trans fats, fats, sugars, and salt may be
consumed in higher amounts lowering by this the diet quality
(1). Concerns have been raised regarding the impact of the
COVID-19 curfew on food availability, consumption, access, and
dietary diversity as part of food security in the EMR. The FCS
is a composite score that evaluate the dietary diversity and food
frequency when assessing food security. The decrease in the FCS
in the five countries: Jordan, Kuwait, Lebanon, Saudi Arabia, and
Palestine may be related to several factors such as the critical
political and economic situations affecting the region with amore
important decrease in the MENA countries compared to the
GCC region (7). Beyond the causes of food insecurity in the
Arab region, clashes, tensions and civil insecurity have remained
the foremost critical drivers of food insecurity nowadays due
to numerous factors such as razing farm land, killing live
stocks, bombs, blocking access to markets, refugee migration
in addition to ongoing other conflicts (12). In this study,
other factors were influencing the FCS in different directions.
Specifically, as planning meals and giving many concerns to
variety foods, education level and money management to buy
healthy food during the lockdown varied, FCS increased too.
Whereas, as region, gender and managing money to buy healthy
food before the lockdown changes, FCS decreased. All these
factors may be directly related to meal organization abilities,
knowledge, economic status, person responsible for preparing
food and the cultural differences between countries in term
of food consumption. To mitigate the effects of income losses
and decrease in purchasing power, people started to adjust to
these shortages through different mitigation strategies. Among
these strategies, a significant change in most of cooking practices
was observed such as cooking more with leftovers in addition
to minimizing food wastes. Furthermore, COVID-19 had led
people suffer a significant increase in barriers to cooking healthy
meals due to the unavailability of money and less accessibility to
food and cooking facilities. During the curfew, people searched
more for inexpensive recipes that can be achieved with fewer
ingredients throughout the cooking process. These can be
explained by the financial struggle communities are having to
preserve food leftovers rather than throwing them away and
ensuring enough resources for healthy cooking with a high
emphasis on the cultural role of females in cooking. Even when
purchasing ingredients, people tend to search more for cheaper
prices and less organic foods but order them online rather than
going physically to the stores (13–17). These statements came
hand by hand with our findings where the most cooking practices
(11 out of 13) showed a significant increase during the lockdown.
Besides, proportions of food stocked have been changing since
the start of COVID-19 and higher amounts of pasta, rice and
other grains were stocked with an unchanged consumption rate
of fruits and vegetables, due to their longer shelf life and easier
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storage conditions. This may be related to the need for these
food groups and their cheap prices as considered as staple foods
especially in the EMR.

Comparison With Other International
Countries
When comparing our results with other countries’ findings,
we observed that the pandemic caused some modifications in
food-related activities in Russia, of which a decrease of meat
consumption and sweet products was observed in 1,047 adults
along with an adoption of healthier consumption patterns (18).
In addition, in an American survey (n = 484 adult participants),
food insecure respondents were reducing their fruits and
vegetables consumption since the start of the pandemic, and
they perceived cost as barrier to eating these foods (19). The
findings of the American study, along with our findings, came
hand in hand with 2 Italian surveys in which 18% of the
respondents reported consuming fewer fresh fruits while in the
other study 8.7% of the respondents reported consuming fewer
fresh fruits and vegetables (20, 21). Similarly, in Italy, 2,768
adults showed an improvement in the diet quality along with
an increase in the consumption of fruit (24.4%), vegetables
(28.5%), legumes (22.1%), nuts (12%), and fish or shellfish (14%).
However, it was observed that the excessive consumption of
sweets or pastries (36.9%) increased during the lockdown (22).
According to Enriquez-Martinez et al., the survey conducted
in Argentina, Brazil, Mexico, Peru, and Spain on 6,325 adults
shows that most participants (61.6%), mainly those from Spain
didn’t show any improving or worsening in their food pattern.
Argentina and Brazil showed a high improvement toward a
healthier food consumption patterns. Fewer changes in food
consumption patterns were observed among Peruvians and
Mexicans (OR: 0.51; 95% CI: 0.4–0.6 and OR: 0.69; 95% CI:
0.4–0.8, respectively), when compared to Argentinians (23). A
Polish survey enrolled in Poland (n = 2,381 adults) shows
that 30% of respondents improved their food patterns through
increased intake of vegetables, milk and milk products. In
addition, 75%, 50% and 20% of the respondents reduced their
intake of fast food and commercial pastry, of confectionary
and salty snacks, and of sugar-sweetened beverages and alcohol,
respectively (24). In France, the COVID-19 pandemic strongly
affected the nutritional quality of the respondents’ diet (n
= 938) during the first lockdown. Moreover, an increase in
the consumption of fruits, vegetables, pulses, fish and seafood
was observed along with a sharp increase in processed meat,
sweet-tasting beverages and alcoholic beverages consumption
that negatively affected the quality of diet (25). In addition,
a French web-based survey that encompassed 37,252 adults
showed a reduction in the intake of fresh products of which
17% of participants decreased their consumption of fresh fruits,
18% for fresh vegetables, 22% for fresh red meats, and 31%
for fresh fish. On the other hand, 22% of people increased
their consumption of sweets and chocolate, cookies, and cakes
(20%) and cheese (18%) along with a decreased consumption of
sandwiches, pizzas, or savory pies (17%) (26). The Lithuanian
COVIDiet Study (n = 2,447 participants) showed an increment

in the frequency of consumption of sweets, biscuits, and cakes
associated with a reduction in fruits and vegetables intake and
increased consumption of frozen and canned foods. In addition,
more frequent cooking and eating out of control were reported
by the study participants. On the other hand, processed meats
and carbonated or sugary drinks were less consumed (27). The
findings from a survey conducted by three European countries
on a total of 1,071 adults: from Poland (n = 407), Austria (n =

353) and the United Kingdom (n = 311) showed an increased
frequency in purchasing frozen goods and food with long shelf
life and in the daily intake of dairy products, grains, fats,
vegetables, and sweets (28). In Belgium, an online questionnaire
interviewed 8,640 adults where 10.4% of Belgians were showing
food shortages, 5 % had limited monetary access to food and 10·3
% couldn’t afford eating a healthy diet during lockdown. This
status of food insecurity was associated with a change in most
dietary behaviors (29). The people living in Denmark, Germany
and Slovenia witnessed, during the pandemic, a reduction in
their consumption of fresh food. This change was due to the
decrease in the frequency of shopping in all the three countries
and women were more likely to increase their consumption of
fresh fruits compared with men (30). Three studies in Brazil were
conducted between 2020 and 2021 in which more than 50,000
adults were interviewed through web-based questionnaires. The
first study showed an increase in the consumption of high energy
density foods (potato fries, chocolate, and ice cream) and ultra-
processed foods among Brazilian adults (31). In the second
study, an increase in the consumption of vegetables, fruits, and
legumes along with a stability in the consumption of ultra-
processed foods was observed (32). The third study revealed
a decrease in the consumption of fruits and vegetables along
with an increase in the consumption of candies and fast-food
(33). In Chile (n = 700 adults), negative eating habits were
dominating, such as low consumption of legumes and water
and high consumption of junk food (e.g., food with low food
quality, low contribution of micronutrients and with a high
contribution of sugar, saturated fat, and sodium) and fried foods
(34). In China (n = 2,702 adults), no changes were observed
in the habitual diet, while 38.2% of participants reported an
increase in their snack intake, during the lockdown. These results
were interpreted that basic food supplies were guaranteed in
China since the start of the lockdown. These findings were
consistent with another cross-sectional study among adults in
Netherlands where 83% of participants reported no change in
their eating patterns during the COVID-19 lockdown (35). A
scoping review was designed to assess the literature on the
impact of lockdown on dietary changes in various population
groups (US, Asia including Palestine, India, and China, Europe
including Italy, France, Spain, Poland, and the UK, Australia,
and Zimbabwe) in which in a total of ten studies an increase
in the number of snacks consumed was observed, while in six
studies, participants increased the quantity and the frequency
of meal intakes during quarantine. Eleven studies reported
improvement in dietary habits, an increase in fresh produce and
home cooking along with a decrease in the intake of alcohol and
comfort food. Additional nine studies found a decrease in fresh
produce, with a further six showing an increase in comfort foods
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intake including sweets, fried food, snack foods, and processed
foods (36).

Comparison With Other Regional Countries
At regional level, in Jordan, among a total of 3129 Jordanians,
23.1% were severely affected by food insecurity, 36.1%
were moderate food insecure and 40.7% were food secure.
Carbohydrates and the meat group were significantly related
to food insecurity (p-value was <0.001 for both groups)
where food insecure people were consuming fewer meats and
carbohydrates compared to food secure people (9). In addition,
the impact of COVID-19 pandemic on food purchasing and
dietary behaviors was studied in three Kuwaiti surveys on 1,935
respondents in Kuwait. In the first study, the consumption of
vegetables, fruits, and carbohydrates increased. It was associated
with a decreased consumption of fish and sugary drinks (37).
Otherwise, in the second study, no significant differences were
found before and during the lockdown in terms of the weekly
frequency of food groups consumption, except in the case of
fish and seafood (14). One over two participants in the third
study indicated that their food consumption patterns remained
unchanged (44%). In addition, 50.3% reported that they ate
more fruits and vegetables, legumes, and pulses (41.5%), and
fewer fast food (2.3%) (15). In Lebanon, 44.7% and 35% of
study participants weren’t eating fruits and vegetables daily,
28% reported consuming sweets or desserts once per day, 30.9%
consumed salty snacks (nuts, crackers, chips) each day and
24.7% of people consumed sweetened drinks at least once per
day (16). Moreover, according to Hoteit et al., 9 in every 16
households ate <2 meals per day and more than 70% of them
skipped their meals to spare food. Even though half the Lebanese
population studied had a low food consumption score (7).
Another study conducted in three countries of which Lebanon
was included, showed that 33% and 31% of the respondents
stated that they shopped for food once a week and two to three
times a week during the COVID-19 pandemic, respectively.
In comparison, 25% purchased food less than once a week.
Obtaining food and groceries by supermarkets or food shops’
delivery services was not common in the three countries
(10%) (Lebanon, Tunisia, and Jordan) and was significantly
the least reported among the Tunisians (17). All in all, it
appears that households with dietary restrictions were more
likely to experience both pre-pandemic and pandemic-related
incident or worsening food insecurity than households without
restrictions (38).

LIMITATIONS

The present study aimed at investigating one of the accurate
proxy indicators of food security, the FCS. Some limitations
should be considered when evaluating the results of this study.
It included retrospective data that was based on the respondents’
memory to recall the food groups consumption and patterns
before the lockdown, which may affect the presented eating
habits. The questionnaire was quite long and was more often
completed by people with higher education who had access to
good quality of internet.

CONCLUSION

Due to the social isolation implemented during the COVID-
19 pandemic, some changes in the food consumption patterns
occurred in the study population. The changes were remarkable
in the frequency of consumption of food products such as
vegetables and other dairy products e.g., cheese. No increase
in the consumption of fruits was observed. Nevertheless, an
increase in the consumption of legumes and pulses, nuts, meats,
poultry, fish, white bread, whole wheat bread, and milk occurred.
In the short term, with some exceptions, the results obtained
may suggest that nutrition patterns did not change much during
lockdown, nor does it affect much the frequency of consumption
of healthy products in the diet. Nerveless, the most cooking
practices showed a significant increase during the lockdown
in the overall population and the proportions of food stocked
have been changing since the start of the pandemic where
higher amounts of pasta, rice, and other grains were stocked
with an unchanged storage rate of fruits and vegetables. To
conclude, the 2020 COVID-19 crisis revealed how unprepared
the region was to respond appropriately to the pandemic. It
showed in particular how supply chains vary in complexity
and vulnerability to disruption. Their capacity to respond
effectively will depend on the resilience of the distribution
chains, and the readiness to improve. As such, a definitive
capacity to ricochet back and recuperate from a shock doesn’t
rely exclusively upon the force/seriousness of the underlying
shock, however on the effect of that shock’s joined with the
reactions that entertainers (independently, or as networks or
society) set up to alleviate or check the underlying impact of
that shock. Additionally, building strength and resilience in
food systems and frameworks is tied in with building capacities.
For the greater part of the entertainers in the EMR’s local
food system, creating capacities that are more in accordance
with the qualities and casualness of their current circumstance
will require more planned research. Better admittance to data,
more grounded participation, more incorporation, and more
elevated levels of earning and self-adequacy for those entertainers
will make the local nations personally reliant upon one
another which helps adopting a regional food system resilience
framework that assists in better understanding the intricacy of
the circumstance and the potential expanding influences which
might go through the whole food system once one part is
affected later.
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Background: Despite demonstrated benefits, most countries fall short of meeting

international targets for breastfeeding patterns, optimal complementary feeding,

mother-children’s quality diet, and malnutrition among under-five children.

Rationale: Since mothers usually play the most vital role in the healthcare of their

children, research is needed to illuminate maternal factors that might promote a child’s

health and nutritional status.

Aim: The purpose of this study is to retrospectively (1) examine the under-five children’s

(0–59 months) feeding habits including exclusive breastfeeding, exclusive bottle feeding,

continued breastfeeding, and complementary feedings, (2) investigate the mother-child’s

dietary diversity, and (3) identify any factors that cause less optimal nutrition due to a

lack of food diversity in children aged 6 to 59 months. Moreover, (4) the prevalence

of wasting, stunting, underweight, and overweight in the under-five offspring living in

households located in the main two provinces in Lebanon (Beirut and Mount Lebanon)

was determined.

Methods: The data for this analysis were collected from a representative sample of

384 households [384 mothers (21–49 years old) and children (0–59 months)] between

February 2019 and June 2019. A questionnaire was used to inquire mothers of children

ages 0–23 months about exclusive breastfeeding (EBF), continuous breastfeeding

(CBF), exclusive bottle feeding (EBOT), mixed feeding (MF), and complementary feeding

patterns. Moreover, additional questions regarding dietary diversity were asked to

mothers of children aged 6 to 59 months. This score was calculated based on the

24 h recall of the mother and her child’s consumption of 7 food groups, during the

24 h prior to the survey. Moreover, stunting, wasting, overweight, and underweight were

calculated using the z-score for height-for-age (HAZ), weight-for-height (WHZ), and

weight-for-age (WAZ), respectively. Binary logistic regression was used to explore the
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dietary diversity among children (ages 6–59 months) adjusting for covariates at maternal

and household levels.

Results: Around 44% of children (0–59 months) had normal body weight. In addition,

9.3% were underweight (WAZ<-2SD to −3SD), 6.5% were at risk of being overweight,

24.45% were overweight, 9.3% were stunted (HAZ<-2SD to −3SD), and 6.25%

(WHZ<-2SD to −3SD) were wasted. In total, among under-five children, the prevalence

of EBF at 40 d and 6 months was 27 and 30%, respectively. The prevalence of CBF was

23%. Around 60% of mothers breastfed their offspring between 0 and 6 months and half

of them introduced infant formula at earlier stages between 0–6 months. Furthermore,

78.4% of mothers introduced food to their children between 4 and 6 months (of which

40% before 6 months) and 62.5% of them introduced sugary drinks before 6 months.

As for dietary diversity (DD), one out of two mothers and one out of three children (ages

6–59 months) had a low DD score (DDS) (46 and 32%, respectively). The children’s and

mother’s DD were strongly found to be correlated (p-value= 0.034). Regression analysis

showed that children’s DD increased around 2 times [AOR = 1.7; 95% CI (1.042–2.914)]

in context of high maternal DDS, and about 12 times [AOR = 11.7; 95% CI (1.2–111)]

when a member of the highest-income households.

Conclusions: Our findings demonstrated low rates of EBF and CBF, high prevalence

of EBOT, and early introduction of complementary foods among children ages 0–59

months. Furthermore, for children ages 6–59 months, there was poor mother-child

dietary diversity and a high prevalence of overweight and stunted children in the main

two Lebanese provinces. This suggests the alarming need for continuous nutrition

intervention to improve infant feeding patterns and dietary diversity to reduce the

malnutrition rates.

Keywords: dietary diversity, maternal, malnutrition, children under five, overweight, underweight

INTRODUCTION

It was long believed that malnutrition among children concerned
only the underdeveloped countries; however, it also poses
a serious challenge in developing countries (1). Childhood
undernutrition contributes to 45% of mortality globally in
children aged under 5 years (1). Malnutrition has been defined
by the World Health Organization (WHO) as “deficiencies,
excesses or imbalances in a person’s energy intake or nutrient
intake” (2). In addition, the term malnutrition refers to three
broad groups which are under-nutrition, micronutrient-related
malnutrition, and overweight/obesity (2). According to WHO,
in 2020, globally, 149.2 million children under the age of 5
years were stunted (22%), 45.4 million were wasted (13.6%), and
38.9 million were overweight (5.7%), respectively (3). Chronic
childhood malnutrition (stunting) remains a major challenge in
the Eastern Mediterranean Region (EMR) including Lebanon
(4). Millions of children under 5 years old in the region have
had their growth stunted by chronic malnutrition, with serious
lifelong consequences for their health and development (4). In
Lebanon, the prevalence of stunting ranged between 16% in
2000 to 10.4% in 2020 (5). As for overweight and obesity, in
2018, the estimated weighted average prevalence among children

under 5 years old was 8.42% in the EMR, and between 17.6 and
19.7% in Lebanon (5). EBF for under 6 months children, CBF
for under 2 years children, appropriate complementary feeding
practices, and adequate dietary diversity (DD) are needed at
this particular age to ensure proper growth and development
(2). The WHO and the United Nations International Children’s
Emergency Fund (UNICEF) recommend starting breastfeeding
within 1 h of birth, EBF for the first 6 months of life, and
introducing nutritionally adequate and safe complementary
(solid) foods at 6 months with CBF for 2 years or longer (6).
The WHO initially set a global target of 50% prevalence of
exclusive breastfeeding by 2025 (6). Recently, it was updated
to at least 70% prevalence by 2030 (6). Previous research has
shown that proportion of exclusively breastfed children remains
low in many lower- and middle-income countries (7). However,
according to a recent geospatial analysis of EBF prevalence
estimates from 2000 to 2018 across 94 low-middle-income
countries (LMICS), the total prevalence of EBF increased from
27% to 39% across all countries (2000–2018) (8). It is estimated
to be extrapolated to 43% by 2025 (8). Although this could be
positive progress, it falls short of the 70% goal (8). Between
conception and the child’s second birthday, the first 1,000
days of life offer a golden chance for nutrition and lifestyle
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changes to shape the child’s growth (9). Throughout this phase,
optimal breastfeeding and complementary feeding practices are
crucial for supporting fetal growth and development, maternal
health, newborn and toddler growth (10), and for preventing a
child’s malnutrition and the development of non-communicable
diseases (NCDs) (11). Despite the inconsistencies in the current
guidelines regarding when to introduce complementary solid
foods, all guidelines agree that complementary feeding should
not be introduced before the age of 4 months (12). Although
introducing complementary feeding earlier may contribute to
more rapid weight gain during infancy and increased risk of
childhood obesity in affluent populations (13), the introduction
of complementary feeding before 4 months is common in many
countries. For instance, the percentage of infants introduced to
complementary solid foods before the age of 4 months was 37%
in a birth cohort born in 2007 and 2008 in Northwest Italy
(14), 30% across the UK in 2010 (15), and 40% among infants
born between 2005 and 2007 participating in a national study
in the United States (16). To the best of our knowledge, no
study has reported the prevalence of introducing complementary
feeding before 6 months in Lebanon. Lebanon, a middle-income
country, has a low rate of breastfeeding (17). Misconceptions
about breastfeeding among mothers and communities, a lack of
professional lactation support, a failure to implement national
policies that promote and protect breastfeeding practices, a lack
of social support, particularly at the family level, and other socio-
demographic factors are all barriers to breastfeeding (18). Diets
high in starch-based staples but low in animal products, fresh
fruits, or vegetables can result in micronutrient deficiencies,
which can leave children vulnerable to undernutrition and its
sequelae (2). According to the WHO and the UNICEF, the
amount of various foods or food groups ingested over a certain
reference period is referred to as DD (6, 19). It reflects household
access to a variety of foods. DD serves as a proxy indicator for
nutrient sufficiency in mothers and children’s diets, particularly
micronutrient adequacy, which is an important aspect of diet
quality (6, 19). Abbreviated as DDS (dietary diversity score)
is a tally of food types consumed over a specific time period,
usually 24 h (6, 19). Women should consume more than or equal
to five food groups in the prior 24 h to achieve the minimum
requirement for a healthy diet, while children should consume
more than or equal to four food groups (6, 19). At the household
level, there are many causes that can contribute to malnutrition,
including inadequate sanitation and water supply, low wealth
and socioeconomic status, food insecurity, low status of women,
poor caregiver education, inappropriate intra-household food
allocation, inadequate quality foods, contaminated food and
water, and infection. Other contributing factors include poor
maternal nutrition and inadequate care, breastfeeding, or
complementary feeding (4). There are many aspects of the
wider context that can contribute, including food prices and
trade policy, marketing regulations, political stability, poverty,
access to healthcare, agriculture and food systems, education,
society, and culture, as well as aspects of the environment
(4). According to a recent meta-analysis, child age, child sex,
complementary food, poor DD, diarrheal diseases, maternal
education, maternal height, residential area, and socioeconomic

status were significant risk factors for undernutrition (20).
Thus, identification of potentially modifiable determinants of
nutritional status in children is a priority in regions with a high
burden of undernutrition.

Understanding mother/child DD and its influence on
nutritional status in Lebanon may aid in the development of
interventions to reduce malnutrition at a national level. To our
knowledge, no study in Lebanon has reported the association
between mother-child dietary diversity. Here we assess the
under-five children’s feeding habits (EBF, EBOT, CBF, and
complementary feedings), the mother-child’s DD, and any factors
that cause less optimal nutrition due to a lack of food diversity
in children aged 6 to 59 months. Moreover, the prevalence of
wasting, stunting, underweight, and overweight in the under-five
offspring living in households located in the main two provinces
in Lebanon (Beirut and Mount Lebanon) was determined.

MATERIALS AND METHODS

Sampling Strategy
A total of 400 mothers and children were included in the sample.
Of these, 384 were included in the analyses. Thus, the data for
this analysis were collected from a representative sample of 384
households located in the two main Lebanese provinces—Beirut
and Mount Lebanon—and using a stratified cluster sampling
design. Within each district, households were selected following
a probability proportional to size approach. Housing units
constituted the primary sampling unit in the two districts. A
single population formula was used to determine the sample size.
Accordingly, the formula for sample size determination used was
n = [p (1-p)] ∗ [(Z∝/2)

2 / (e)2], where n denotes the sample
size, Z∝/2 is the reliability coefficient of the standard error at 5%
level of significance= 1.96, p represents the probability of under-
five children who were unable to practice preventive measures
against the diseases (50%, no previous study), and e refers to the
level of standard error tolerated (5%) as stated by Hosmer and
Lemeshow. Based on this formula, it was determined that the
minimum acceptable sample size of 300 respondents would be
sufficient to identify differences by respondent’s characteristics.

Data Collection
A total of 384 mothers (21–49 years old) and children (0–59
months) were included in this study between February 2019 and
June 2019. Trained nutritionists administered the survey through
face-to-face interviews with the mothers. A questionnaire was
used to inquire mothers of children ages between 0 and 23
months about EBF, CBF (duration exceeding 6 months), EBOT,
MF, and complementary feeding patterns. Moreover, additional
questions regarding DD were asked to mothers of children ages
6 to 59 months. This score was calculated according to the WHO
guidelines and based on the 24 h recall of the mother and her
child’s consumption of 7 food groups, during the 24 h prior to
the survey (6, 19). The same food groups were used to compose
both maternal and child DDS. Food groups considered were
cereals/roots, vegetables, fruits, legumes/lentils, meat/fish/eggs,
and milk/dairy products. If an individual consumes any quantity
of any food group at least once per day, it was taken into
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count. Therefore, DDS was calculated without considering a
minimum intake for the food group. To meet the minimum
requirement for a healthy diet, mothers should obtain more
than or equal to five while children above or equal to four
food groups over the preceding 24 h (6, 19). Anthropometric
measurements of the mother and child were collected. Stunting,
wasting, overweight, and underweight were calculated using the
z-score for height-for-age (HAZ), weight-for-height (WHZ), and
weight-for-age (WAZ), respectively. We defined wasted, stunted,
and underweight based on the z-scores of the 2006WHO growth
standards (6) as follows: wasted: weight for height z-score (WHZ)
<-2SD to −3SD; stunted: height for age z-score (HAZ) <-2SD
to −3SD; underweight: weight for age z-score (WAZ) <-2SD
to −3SD. Binary logistic regression was used to explore the
DD among children (6–59 months) adjusting for covariates at
maternal and household levels.

Eligibility Criteria and Definition of Feeding
Practices
Mother-child dyads were eligible to participate in the study
if the mother was Lebanese, aged 19–49 years. Children were
eligible if they were five years old or younger, were born at
term (gestational age between 37 and 42 weeks), and had no
chronic medical conditions, inborn errors of metabolism, or
physical malformations that interfered with feeding patterns and
body composition.

Infant feeding practices were defined as follows:

1. Exclusive breastfeeding (EBF): The infant received breast milk
from their mother or expressed breast milk and no other fluids
or solids.

2. Mixed feeding: The infant received breast milk with formula
milk and/or other fluids and/or solid food.

3. Exclusive bottle feeding (EBOT): The infant received formula
milk with or without other fluids.

Statistical Analyses
The statistical analysis of this study was performed using the
Statistical Analysis Package for Social Science (SPSS, version 25)
and the significance level was set at p < 0.05. Frequencies and
descriptive statistics were performed for the general variables.
Chi-square test was used to compare the categorical variables
in the study as well as determine the prevalence of obesity,
overweight, underweight, stunting, and wasting according to
the child’s age category. Chi-square was also used to assess the
association between the mother’s DDS and the child’s DDS. In
addition to that, independent t-test was conducted to compare
the means between two unrelated groups (low child’s DDS and
high child’s DDS) on the same continuous, dependent variable
(mother’s age). Binary logistic regression was used to explore
the association between mothers’ and children’s DD adjusting
for covariates at maternal and household levels with analyses
represented as odds ratios and 95% confidence intervals.

Ethics
Ethical approval was obtained from the Ethical Committee at
the Lebanese University (#CU201907). The mother of the child

TABLE 1 | Socio-demographic, weight status, and household characteristics of

Lebanese infants and young children aged less than 5 years old.

Population

characteristics N (%)

Mother’s age (years)

Mean ± SD 32 ± 5

Mother’s age categories (years) N (%)

20–24

25–29

30–34

35–39

40–45

20 (5.2)

95 (24.7)

153 (39.8)

98 (25.5)

17 (4.4)

Governorate of residency N (%)

Beirut

Mount Lebanon

77 (20.1)

307 (79.9)

Children at home <5 years N (%)

1 child

2 children

3 children and more

199 (51.8)

161 (41.9)

24 (6.3)

Household number N (%)

<5 members

≥5 members

229 (59.6)

155 (40.4)

Mother’s employment status N (%)

Employed

Homemaker

232 (60.4)

152 (39.6)

Mother’s education level N (%)

Primary education

Intermediate education

Secondary education or technical diploma

University degree and higher

3 (0.8)

26 (6.8)

61 (15.9)

294 (76.6)

ousehold’s income N (%)

<750,000 L.L.

750,000–1,500,000 L.L.

1,500,001–2,250,000 L.L.

2,250,001–3,000,000 L.L.

>3,000,000 L.L

5 (1.3)

65 (16.9)

77 (20.1)

68 (17.7)

169 (44)

Child age N (%)

0–6 months

6–59 months

Mean

74 (19.3)

310 (80.7)

23.8 ± 17.3

Child gender N (%)

Male

Female

190 (49.5)

194 (50.5)

Under-five children (n = 384)

Normal body weight

Underweight (WAZ< −2SD to −3SD)∧

At risk for overweight

Overweight

Stunting (HAZ< −2SD to −3SD)∧

Wasting (WHZ< −2SD to −3SD)∧

170 (44.2)

36 (9.3)

25 (6.5)

93 (24.45)

36 (9.3)

24 (6.25)

Under-two children (n = 200)

Normal body weight

Underweight (WAZ< −2SD to −3SD)∧

Overweight

Stunting (HAZ< −2 SD to −3SD)∧

Wasting (WHZ< −2 SD to −3SD)∧

97 (48.5)

14 (7)

40 (62.5)

25 (12.5)

24 (37.5)

∧ Adapted from: http://ebook.ecog-obesity.eu/chapter-growth-charts-body-

composition/world-health-organization-reference-curves/.
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TABLE 2 | Exclusive breastfeeding, continuous breastfeeding, exclusive bottle

feeding, and complementary feedings among children aged 0–23 months (n =

200) and children aged 24–59 months (n = 184).

Feeding patterns 0–23 months

children N

(%)

24–59

months N (%)

0–59 months

N (%)

Currently breastfeeding

Yes

No

72 (36)

128 (64)

6 (3.3)

177 (96.7)

78 (20)

306 (80)

Duration of breastfeeding

0–40 d

40 d−6 months

>6 months (continued

breastfeeding)

52 (26)

51 (25.5)

24 (12)

53 (29)

64 (35)

62 (33.9)

105 (27.3)

115 (29.9)

87 (22.7)

Exclusive breastfeeding

Yes

No

35 (17.5)

165 (82.5)

2 (1.1)

181 (98.9)

37 (9.6)

347 (90.4)

Infant formula (IF)

Yes

No

161 (80.5)

39 (19.5)

150 (82)

33 (18)

312 (81.3)

72 (18.8)

Both (BF+IF) (from birth) 37 (18.5) 4 (2.2) 41 (10.6)

Initiation of infant formula

At birth−40 d

40 d−6 months

At 4 months

>6 months

104 (52.8)

41 (20.8)

14 (7.1)

38 (19.3)

99 (54.1)

43 (23.5)

38 (20.8)

3 (1.6)

203 (52.9)

84 (21.9)

53 (13.8)

41 (10.7)

Introduction of food

At < 4 months

4–6 months (6 not included)

At 6 months

>6 months

No food yet

2 (1)

81 (40.5)

55 (27.5)

7 (3.5)

55 (27.5)

3 (1.6)

70 (38.3)

94 (51.4)

16 (8.7)

-

5 (1.3)

151 (39.3)

150 (39.1)

23 (6)

55 (14.3)

Introduction of juices and sugary drinks

<4 months

4–6 months

6 months

>6 months

No food yet

26 (13)

51 (25.5)

56 (28)

14 (7)

53 (26.5)

35 (19.1)

60 (32.8)

72 (39.3)

16 (8.7)

-

61 (15.9)

112 (29.2)

128 (33.3)

30 (7.8)

53 (13.8)

This data was derived from cross-sectional and retrospective recalls.

signed a consent form, and the questionnaires were administered
after the families agreed to participate in the study.

RESULTS

Socio-Demographic Characteristics of
Households and Study Participants:
Mothers and Children
A total of 400 mothers and children were included in the sample.
Of these, 384 were included in the analyses. The remaining 16
were excluded from the analysis because of missing data. Socio-
demographic details are shown in Table 1. The mean age of
mothers selected for this study was 32 ± 5 years old while the
mean age for children was 23.8 ± 17.3 months. Half of the
children were females. There were 200/384 children aged under
2 years and 183/384 children aged more than 2 years. Most
mothers were educated and held a university degree (77%) and

60% of them were employed. More than half the households
encompassed 1 child (52%) or 2 children (42%) aged less than
5 years and enclosed less than 5 members per household (60%).
Around half the household’s income ranged between 750,000
Lebanese Pound (LBP) and 3 million LBP (54%) (Table 1).

Prevalence of Stunting, Wasting,
Overweight, and Obesity
Most of the children aged under 5 in this study had a normal body
weight (44%). In addition, 9.3% were underweight (WAZ<-2SD
to −3SD), 6.5% were at risk of being overweight, 24.45% were
overweight, 9.3%were stunted (HAZ<-2SD to−3SD), and 6.25%
(WHZ<-2SD to−3SD) were wasted. The prevalence of stunting,
wasting, and overweight among under 2 children was 12.5, 37.5,
and 62.5%, respectively (Table 1).

Exclusive Breastfeeding, Exclusive Bottle
Feeding, Continuous Breastfeeding, Mixed
Feeding, and Complementary Feedings
Children 0–23 Months
The prevalence of EBF, EBOT, MF, and complementary feeding
among children ages 0–23 months is shown in Table 2. The
prevalence of EBF at 40 d was 26%, at 6 months was 25.5%, and
the prevalence of CF (exceeding 6months) was 12%. On the other
hand, the prevalence of EBOT at birth was 52.8%, at 40 d was
80.5%, at 4 months was 7.1%, and at more than 6 months it was
19.3%. Moreover, the MF since birth was 18.5%. Around half
the mothers breastfed their offspring between 0 and 6 months
(51.5%) and introduced infant formula at earlier stages between
0 and 6 months. In addition, 68% of them introduced food to
their children between 4 and 6 months (of which 40% before 6
months) and 53.5% of them introduced sugary drinks before 6
months (Table 2).

Children 0–59 Months
The prevalence of EBF, EBOT, MF, and complementary feeding
among children ages 0–59 months is shown in Table 2. The
prevalence of EBF at 40 d was 27%, at 6 months was 30%, and
the prevalence of continued breastfeeding (exceeding 6 months)
was 23%. On the other hand, the prevalence of EBOT at birth was
52.9%, at 40 d was 81.3%, at 4 months was 13.8%, and at more
than 6 months, it was 10.7%. Moreover, the MF since birth was
10.6%. Around 60% of mothers breastfed their offspring between
0 and 6 months. Half the women introduced infant formula at
earlier stages between 0 and 6 months, 78.4% of them introduced
food to their children between 4 and 6 months (of which 40%
before 6 months), and 62.5% of them introduced sugary drinks
before 6 months (Table 2).

Household Consumption of Food Groups and

Calculation of Mother-Children DDS
Table 2 shows the frequency of consumption of food groups
and the DDS among the mothers and their children (6–59
months). There was mother-child agreement in the consumption
of staple foods (91.4/91.1%), dairy products (66.7/94.7%), flesh
food (74.3/66.8%), and fruits and vegetables poor in vitamin A
(74.3/75.7%). Eggs (5/10.5%) and fruits and vegetables that are
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TABLE 3 | Frequency of a food group’s consumption and dietary diversity score of mothers and children.

Children (6–59 months) Mothers

Food groups Consumed N (%) Not consumed N (%) Consumed N (%) Not consumed N (%)

Staples 277 (91.1) 27 (8.9) 277 (91.4) 26 (8.6)

Fruits and vegetables rich in vitamin A 50 (16.4) 254 (83.6) 28 (9.2) 275 (90.8)

Other fruits and vegetables 230 (75.7) 74 (24.3) 225 (74.3) 78 (25.7)

Meat, fish, and poultry 203 (66.8) 101 (33.2) 225 (74.3) 78 (25.7)

Eggs 32 (10.5) 272 (89.5) 15 (5) 288 (95)

Legumes and nuts 88 (28.9) 216 (71.1) 94 (31) 209 (69)

Dairy products 288 (94.7) 16 (5.3) 202 (66.7) 101 (33.3)

DDS DDS

High DDS* Low DDS* High DDS* Low DDS*

206 (68) 97 (32) 165 (54.5) 138 (45.5)

*WHO cutoffs in children: High DDS ≥4 food groups out of 7 consumed, Low DDS < 4 food groups out of 7 consumed. * WHO cutoffs in mothers: High DDS≥5 food groups out of 7

consumed, Low DDS < 5 food groups out of 7 consumed.

sources of vitamin A (9.2/16.4%) were the least consumed among
food groups. Aged under 5 years, 32% of respondent’s children
did not get a variety of types of food or provision of food types
and were eating less than four kinds of food groups the day before
the survey. Similarly, 46% of respondent’s mothers were facing
a low DDS indicating a poor diversity of food groups at meals
(Table 3).

The association between a child’s DDS, socio-demographic
characteristics, mother’s nutritional status, and child’s nutritional
status is shown in Table 4. There was a strong correlation
between the maternal and offspring’s DDS. There were 40% of
mothers with low DDS shown to have children with low DDS
too (p-value = 0.003). Most children with high DDS (75%) had
employed mothers (p-value = 0.005). Moreover, the children’s
DDS was related to the mother’s education. Mothers holding
a university degree had children who were eating an adequate
diversified diet (p-value= 0.045).

Binary Logistic Regression Analysis
The DD among children (6–59 months) adjusting for covariates
at maternal and household levels is described in Table 5. The
backward logistic regression showed that the main two factors
that are strongly associated with the children’s DD are the family
income and the mother’s DD status. Children’s DD increases
around 2 times [AOR = 1.7, 95% CI (1.042–2.914)] in context
of high maternal DDS, and about 12 times [AOR= 11.7, 95% CI
(1.2–111)] when the member of the highest-income households
(Table 5).

DISCUSSION

The current study examines the feeding patterns including
breastfeeding, formula-feeding, complementary feeding, and the
prevalence of malnutrition in under-five children living in two
main Lebanese provinces (Beirut and Mount Lebanon). This
study also investigates the mother-child’s DD and identifies
the factors that cause less optimal nutrition due to a lack
of food diversity in children aged 6 to 59 months. Our

findings demonstrated that in the main two Lebanese provinces,
there are low rates of EBF, high rates of EBOT, early
initiation of complementary feeding, and early introduction of
infant formula among under-two children. These results were
reported retrospectively also by mothers of under-five children.
Furthermore, for children aged 6–59 months, there was poor
mother-child DD, and a high prevalence of overweight and
stunted children. In Lebanon, based on a recent report published
by UNICEF (21), the early initiation of EBF in 2004 was reported
as 41.3% in under-two children. Moreover, according to national
data, in 2010, about 40% of infants under 2 months of age
were exclusively breastfed, dropping to only 2% between 4–5
months of age (22). In fact, only 37.6% of infants had breast
milk as their first food after birth (22). Another national data
collected from under-five children’s mothers showed that the
prevalence of EBF in 2012 at 40 d was 41.5%, which is higher
than that reported in our study (27%) (23). Moreover, the same
study showed that the prevalence of MF at 40 d was 38.1 and
20.2% were EBOT (23). However, in our study, the MF was
10.6% and the EBOT was 2 times higher (53%). Another recent
retrospective cross-sectional Lebanese study published in 2019
showed that the average duration of exclusive breastfeeding was
15 d, while the average age at which formula was introduced
was 2.03 months (24). Exclusive breastfeeding began at a mean
age of 10.56 h, and half of the toddlers had been exposed to
formula milk since the first day after birth (24). In addition, at
global and Eastern Mediterranean level, the prevalence of EBF
(44 and 44%, respectively) and the early initiation of EBF (48
and 35%, respectively) for children aged under 2 years, between
2014 and 2020 was higher than our findings (26%) (21). This
indicates a negative deviation in the pattern of breastfeeding
along with an increase in the use of infant formula at birth in
Lebanon. All in all, both national, regional, and international
prevalence were below the WHO new global target of exclusive
breastfeeding (70%) by 2030 (6). The findings of these studies
and ours shed light on the lower rate of exclusive breastfeeding
and the higher rate of early introduction of formula-feeding,
generally in the EasternMediterranean Region and specifically in
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TABLE 4 | Association between the child’s dietary diversity score and the

mother’s socio-demographic, education, and nutrition related factors.

Low DDS

child

High DDS

child

P-value

Count (%)

Mother’s age categories* (n = 303) 0.23*

20–24

25–29

30–34

35–39

40–45

5 (41.7)

27 (37.5)

30 (24.8)

28 (34.1)

7 (43.8)

7 (58.3)

45 (62.5)

91 (75.2)

54 (65.9)

9 (56.3)

Mother DDS (n = 303) 0.003*

Low DDS

High DDS

56 (40.6)

41 (24.8)

82 (59.4)

124 (75.2)

BMI* mother (n = 303) 0.775

Severe underweight

Underweight

Normal weight

Overweight

Obese

2 (66.7)

1 (25)

60 (32.1)

22 (31)

12 (31.6)

1 (33.3)

3 (75)

127 (67.9)

49 (69)

26 (68.4)

Mother’s employment (n = 303) 0.005*

Employed

Unemployed

48 (25.9)

49 (41.5)

137 (74.1)

69 (58.5)

Education level (n = 303) 0.045*

Primary education

Intermediate education

Secondary education or

technical diploma

University degree and higher

2 (66.7)

11 (55)

18 (36)

66 (28.7)

1 (33.3)

9 (45)

32 (64)

164 (71.3)

Mother’s dieting (n = 303) 0.969

Yes

No

21 (31.8)

76 (32.1)

45 (68.2)

161 (67.9)

Children at home < 5 years old (n = 303) 0.985

1

2

3 or more

49 (31.6)

42 (32.3)

6 (33.3)

106 (68.4)

88 (67.7)

12 (66.7)

Household number (n = 303) 0.799

<5

5 or more

58 (32.6)

39 (31.2)

120 (67.4)

86 (68.8)

Family income (n = 303) 0.000*

< 750,000 L.L.

750,000–1,500,000 L.L.

1,500,001–2,250,000 L.L.

2,250,001–3,000,000 L.L.

>3,000,000 L.L.

4 (80)

23 (48.9)

27 (42.2)

15 (27.3)

28 (21.4)

1 (20)

25 (51.1)

37 57.8)

40 (72.7)

103 (78.6)

*BMI, Body mass index.

*https://www.who.int/healthinfo/paper31.pdf.

Lebanon. Hence, raising awareness sessions during the pre- and
post-natal period and highlighting the successful and vital role of
breastfeeding for both the child and the mother are critical.

Regarding complementary feeding, our data found that more
than 60% of themothers introduced complementary foods before
the age of 6 months from which 40% started introducing solid
foods and 53.5% introduced sugary juices. In our study, only 31%
of mothers adhered to the WHO recommendations to introduce
foods at 6 months. This finding was below the complementary

TABLE 5 | Adjusted odds ratio for child dietary diversity score according to family

income and the mother’s diet diversity score.

AoR* = Exp (β) (95%CI) P-value

Family income

<750,000 L.L.

750,000–1,500,000 L.L.

1,500,001–2,250,000 L.L.

2,250,001–3,000,000 L.L.

>3,000,000 L.L.

1

3.8 (0.3–36.9)

4.8 (0.4–45.8)

9.5 (0.9–92.8)

11.7 (1.2–111.0)

0.252

0.175

0.054*

0.032*

DDS mother 0.034*

Low DDS

High DDS

1

1.7 (1.042–2.914)

*Calculated through backward logistic regression model.

feeding prevalence reported by UNICEF for the EMR which
is 68% and at global level which is 73% (21). However, early
introduction of complementary foods and sugary juices have a
negative impact on the infant’s nutrient intake and may increase
the risk of developing non-communicable diseases in later stages
(13). Besides, if complementary foods are not handled and stored
appropriately, they may expose infants to harmful germs (25).
Many factors can be associated with early introduction of solid
foods. A previous cross-sectional study conducted in Lebanon
showed that women who worked outside the home were nearly
twice as likely to start solid foods before the age of 4 months (26).
This finding was in line with our findings.

Our current study examined the concordance between
maternal and child dietary diversity and factors affecting
the concordance. Our study showed that the proportion of
discordant is few (p = 0.03). This is to mean that the more food
groups the mothers consumed, the more likely their children
achieved their DD and vice versa. As the mothers’ DD increased,
the percentage of children (0–59 months) meeting this criterion
increased dramatically. Even though there is a dearth of literature
on concordance between maternal and child dietary diversity
in the EMR and in Lebanon, a related study on maternal and
child DD associations in Bangladesh, Vietnam, and Ethiopia
showed a fair association between the two (27). This finding is
consistent with previous studies conducted in Ghana and South
Hampton (28). Mothers belonging to a high-income household
and having a high DD score were the two major correlates
that lead to an adequate diversified diet among children (6–59
months). This finding came hand in hand with a study published
in Nigeria (29), and in line with another study conducted in
Madagascar which showed that participants with a low economic
status were 1.8 times more likely to have children eating poor
diets (30). To explain, lower income households purchase less
healthful foods compared with higher income households. Food
purchasing patterns may mediate income differences in dietary
intake quality. In our study, it was shown that maternal education
and employment were correlated with the diversification in
mothers and children’s diets. This result is consistent with many
studies conducted in Ethiopia (31) and Madagascar (30), but
not in Nigeria (29). The likely reason might be as the education
level of the mother increased and as the mother engaged in
paid work, there was access to more information on educational
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messages and different mass media like radio, television, and
newspapers. They also participate actively in health education
sessions and child feeding demonstrations in health facilities; as a
result, their children aremore likely to fulfill the DD requirement.
In this study, on average, three food groups composed the diets
of under-five Lebanese children, which are staples (grains/cereals,
roots, and tubers) (91%), dairy products (milk, yogurt, and
cheese) (94.7%), and fruits and vegetables (76%), whereas the
least two food groups consumed were eggs (10.5%) and fruits
and vegetables rich in vitamin A (16.4%). Consequently, one out
of two mothers and one out of three children (6–59 months)
had a low DDS (46 and 32%, respectively). Our findings were
found to be consistent with different studies such as Pakistan
(75.2% for staples and 50.5% for the dairy products) (32). In
Nigeria, the most consumed two food groups are cereals (0.78 ±
0.29) and vegetables (0.78 ± 0.3), while the least consumed food
group is eggs (0.15 ± 0.25) (29). In Ethiopia, the consumption
of grains and staples is 85%, that of eggs is 90%, and that
of vitamin A rich fruits and vegetables is 80% (27). As for
Vietnam, food consumption of staples was 97% and eggs were
75%, and Bangladesh’s staple consumption was 90 and 80% for
eggs (27).

As for malnutrition, most of the children aged under 5
in this study had a normal body weight (44%). In addition,
9.3% were underweight (WAZ<-2SD to −3SD), 6.5% were at
risk of being overweight, 24.45% were overweight, 9.3% were
stunted (HAZ<-2SD to −3SD), and 6.25% (WHZ<-2 SD to
−3SD) were wasted. The prevalence of stunting, wasting, and
overweight among under-two children was 12.5, 37.5, and 62.5%,
respectively. According to WHO, in 2020, globally, 149.2 million
children under the age of 5 years were stunted (22%), 45.4
million wasting (13.6%), and 38.9 million overweight (5.7%),
respectively (3). According to the UNICEF database, published
in 2021, the global prevalence of stunting among under-five
children ranged between 33.9% in 2000 and 27.9% in 2020 (33).
Moreover, the prevalence of overweight among children aged 0–
59 months ranged between 33.3 and 42.4% between 2000 and
2020 (34). Also, the prevalence of wasting in 2020 was 13.6%
(34). At the EMR level, according to a new published review,
stunting, wasting, and underweight had an average prevalence of
28, 8.69, and 18%, respectively (35). In Lebanon, the prevalence
of stunting ranged between 16% in 2000 to 10.4% in 2020 (5).
As for overweight and obesity, in 2018, the estimated weighted
average prevalence in children aged under 5 years was 8.42% in
the EMR and between 17.6 and 19.7% in Lebanon (5). For the
prevalence of wasting in Lebanon and Jordan, national surveys
conducted in 2012 showed that the prevalence of stunting ranged
between 7.3 and 7.7% (36, 37), between 1.1 and 2.4% for wasting,
and between 1.6 and 3% for underweight (36, 38). The annual
rates of change in the prevalence of stunting were estimated
to be −6.9 % in Lebanon (2004–2012) and −3.3% in Jordan
(2002–2012). The prevalence of wasting was found to be stable
over time in Jordan (2.4% in 2002 and 2012) and decreasing in
Lebanon (from 6.6% in 2004 to 1.1% in 2012) (39). All in all,
our findings were in line with UNICEF’s data in 2020 concerning
stunting’s prevalence (5), were lower than the EMR’s data and
the UNICEF’s data regarding wasting’s prevalence (34, 35), were
higher than the previously published national data (5) and lower

than the UNICEF data concerning the prevalence of overweight
(5, 34).

LIMITATIONS AND STRENGTHS

The study offers a unique lens into infant feeding practices
related to under-five children in Lebanon. However, it has
several limitations. First, it is a cross-sectional study with
unclear chronology of the factors associated with infant feeding
patterns. Second, mothers reported infant feeding practices of
their children, with potential for more recall bias among mothers
of older children due to a longer time since delivery; however,
almost half of the children were younger than 5 years of age.

CONCLUSION AND FUTURE
PERSPECTIVES

Our findings demonstrated low rates of EBF and continuous
BF, high use of IF, and early introduction of complementary
feeding among children aged 0–23 months. Furthermore, for
children 6–59 months, there was poor mother/child DD, and
a high prevalence of overweight and stunted children in the
main two Lebanese provinces. This suggests the alarming
need for continuous nutrition intervention to improve the DD
and to reduce the malnutrition rates. Future research should
investigate the factors associated with EBF, complementary
feeding practices, and DD in prospective cohort studies and help
to better understand the cultural factors limiting the adherence
to international guidelines. Such research can guide effective
planning for interventions to improve infant feeding practices
and ultimately children’s health status.
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Online food delivery usage has soared during the 2019 novel coronavirus (COVID-19)

pandemic which has seen increased demand for home-delivery during government

mandated stay-at-home periods. Resulting implications from COVID-19 may threaten

decades of development gains. It is becoming increasingly more important for the global

community to progress toward sustainable development and improve the wellbeing of

people, economies, societies, and the planet. In this perspective article, we discuss how

the rising use of these platform-to-consumer delivery operations may impede advances

toward the United Nations 2030 Sustainable Development Goals (SDGs). Specifically,

online food delivery services may disrupt SDGs that address good health and wellbeing,

responsible consumption and production, climate action and decent work and economic

growth. To mitigate potential negative impacts of these meal delivery apps, we have

proposed a research and policy agenda that is aligned with entry points within a systems

approach identified by the World Health Organization. Food industry reforms, synergised

public health messaging and continuous monitoring of the growing impact of online

food delivery should be considered for further investigation by researchers, food industry,

governments, and policy makers.

Keywords: online food delivery, sustainable development goals, global health, public health, systems approach

INTRODUCTION

Unhealthy diets, non-communicable diseases, urbanization, and climate change are recognized as
significant challenges to global health (1). The United Nations have urged countries to act on 17
Sustainable Development Goals (SDGs) across economic, social and environmental dimensions
to promote healthy lives and wellbeing and make cities inclusive, safe, and sustainable by 2030
(2). Online food delivery services (OFDS) are potentially impeding our progress toward the
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SDGs—impacting the way we eat, work, and care for the
environment. Defined as “platform-to-consumer delivery
operations” of ready-to-consume meals, OFDS offer delivery of
a wide variety of takeout foods and beverages from kitchens to
doorsteps (3).

The OFD industry is now widespread across the globe and big
multinational corporations are dominating the market. Billion-
dollar companies such as UberEats, DoorDash, and Just Eat
operate in thousands of cities and show no sign of slowing
down. Globally, OFDS market revenue increased by 27% in
2020, reaching $136.4 billion USD (4). These services are likely
to proliferate further, as UberEats estimates that despite the
return to dine-in restaurants, consumers are now spending three
times more on OFDS compared to pre-pandemic levels (5).
Furthermore, Just Eat or otherwise known as Menulog, reported
a 79% increase in total orders between 2020 and 2021, across
its 17 operating countries including UK, Germany, Canada, and
Netherlands (6).

Considering the growing prevalence and market influence
of OFDS, it is important to track the impact of OFDS on
key public health challenges, such as increasing accessibility
of unhealthy foods, promotion of excessive consumption, poor
working conditions of delivery couriers in a gig economy and
the environmental implications of takeout food packaging. This
perspective piece will discuss how OFDS may disrupt progress
toward SDGs that address good health and wellbeing, responsible
consumption and production, climate action and decent work
and economic growth.

JUNK FOOD ON DEMAND: IMPACT ON
NUTRITION, HEALTH, AND WELLBEING

OFDS may pose a considerable risk to the aim of SDG 3 to
“Ensure healthy lives and promote wellbeing for all at all ages”.
Research has shown that these OFDS have an abundant offering
of menu items that are of poor nutritional quality. From an
investigation of 680 popular food outlets on the market leading
OFDS in Sydney, Australia, 37.6% (256/680) of popular outlets
were classified as a “fast-food franchise” store, and out of the
2,463 most popular menu items identified, 2,358 (95.7%) were
identified as “discretionary foods” (7), characterized as high in
saturated fat, sodium and sugar, and not essential for health.

Moreover, the two leading OFDS (UberEats, Menulog) in
Australia are partnered with the top 10 fast food franchise
stores (Subway, McDonalds, Dominos, KFC, Hungry Jacks, Red
Rooster, Nando’s, Pizza Hut, Zambero, Oporto) (8). This signifies
the dominance of fast-food franchise outlets on these platforms
which are now another additional avenue for consumers to access
their menu items. It is well-known that offerings from fast food
franchise outlets are “energy-dense and nutrient poor” (9) and
evidence has highlighted the strong association between high
fast-food consumption and obesity (10). Furthermore, research
has shown that diets high in inflammatory foods such as refined
grains, sugary drinks, processed meats and other “junk foods”,
have been associated with increased inflammation in the body
and can elevate subsequent risk of heart disease by 46% and

stroke by 28% (11). These highly inflammatory foods are widely
available on these online food delivery platforms as shown in
findings from a recent cross-sectional study (12). From over
196 independent takeaway food outlets available on UberEats
in Sydney, Australia, discretionary cereal-based mixed meals
was the largest category found within complete menus (42.3%,
5849/13,841). These include foods such as pizzas, burgers, pides,
pasta, wraps, and sandwiches (12).

A Canadian study analyzed the full menus of retailers
partnering with a large OFDS and similarly found low Healthy
Eating Index-2015 scores—ranging from 19.95 to 50.78 out of
100 (with a score of 100 being the healthiest) (13). This study
also found a mean delivery distance of 3.7 km or 2.3 miles
measuring from postal codes in Ontario to online food retailers
(13). Australian research has likewise, demonstrated that the
mean delivery distance from food outlet to suburbs was 3 km,
and around 90% of delivery distances were greater than 1 km
(7)—a distance that typically defines the neighborhood food
environment. The neighborhood food environment reflects the
spatial extent of an individual’s typical shopping behavior which
could be reasonably walked by an adult in 15–20min (14). As
such, these platform-to-consumer services may be expanding
local neighborhood food environments.

Altogether, findings suggest OFDS are expanding the
traditional definition of the neighborhood food environment,
increasing the accessibility of food outlets which mostly offer
items with poor nutritional quality.

OVER-CONSUMPTION AND EXCESS
PROMOTION

In addition to increasing accessibility of food outlets, OFDS
further encourage excessive consumption with aggressive
marketing and promotion tactics. Macromarketing researchers
are wary of the current marketing systems which promote
an era of excess as business models choose to “create” rather
than “address” consumer needs, without consideration of the
waste generated from overall consumption (15). OFDS may add
further burden to unsustainable practices of mass consumerism
which threaten progress toward SDG 12: “Ensure sustainable
consumption and production patterns”.

UberEats and Menulog frequently distribute promotional
vouchers that offer free meals, discounts, and free delivery
(16, 17). These are often disseminated through emails to past
customers signed up to the OFD platform (18) or handed-out
in person at high-traffic locations such as train stations (19).
Moreover, there is evidence that OFD companies “COVID-wash”
their social media promotions—a practice where companies align
themselves with social or health issues of COVID-19 to enhance
their own image (20). In a content analysis of Instagram posts
from leading OFDS in 2020 during the pandemic, the most
used COVID-19 marketing strategy was related to “combatting
the pandemic” (76/123, 62%) (21). This theme helped brands
position themselves to be “in this together” and encourage
consumers to “support their local businesses”. These findings
were echoed in another content analysis study conducted in New

Frontiers in Nutrition | www.frontiersin.org 2 March 2022 | Volume 9 | Article 85847539

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Jia et al. Online Food Delivery Impacts SDGs

Zealand. The most used theme in 36% of all COVID-19 related
social media posts intended to generate feelings of community
support during the challenging time. Fast-food brands were
also found to be the largest proponents of COVID-washing,
accounting for 46% of all COVID-19 posts (20).

Furthermore, during the pandemic, an increase in social
media posts promoting “junk foods” from leading OFD brands
was observed. In a recent study, we found junk foods accounted
for 69.1% of all food and beverage items featured, compared
to 58.3% in 2019 (21). Similarly, a study from Brazil indicated
widespread presence of unhealthy food advertising as ultra-
processed beverages such as soft drinks were among the most
shown in advertisements for OFDS throughout COVID-19. Free
delivery also prevailed in advertisements of junk food items such
as ice cream, candy, high sodium snacks, and pizza (22). More
research found that menus offering unhealthy meals had more
photos and discounts compared to meals offering unprocessed
and/or minimally processed foods (23). Taken together, OFDS
continue to facilitate fast-food delivery at heavily discounted
prices and excess promotions, perpetuating the culture of
excessive consumption.

UNSUSTAINABLE PLASTIC WASTE AND
CO2 EMISSIONS

Plastic waste is a key global environmental concern with annual
plastic consumption currently at over 300 million tons, which is
expected to double in the next 20 years (24). High volumes of
online food delivery consumption exacerbates plastic waste and
adds to the increasing contamination of natural environments
such as the ocean, freshwater systems, and terrestrial areas (25).
Subsequently, OFDS may have a huge climate cost and are
another impediment to SDG 13: “Take urgent action to combat
climate change and its impacts”.

Takeout meals ordered from OFDS can come with extensive
quantities of plastic material, namely food containers, cutlery,
napkins, and plastic bags among others (26). These materials
are often single-use, requiring large quantities of energy and
raw materials to produce, transport, and be disposed (27). A
study on the environmental impacts of takeout food containers
revealed that single-use polypropylene containers are the worst
packaging material for takeout food, with many negative impacts
on the environment (26). In China, researchers found that the
total amount of packaging waste from food delivery surged
from 0.2 million metric tons in 2015 to 1.5 million metric tons
in 2017 (28). Plastic containers made from polypropylene and
polystyrene foam accounted for approximately 75% of the total
food delivery packaging waste in weight. COVID-19 lockdowns
further aggravated China’s plastic waste dilemma: during the
lockdown in Wuhan, an average of 130,000 takeout orders
were made per day, which totaled to more than 279,500m of
lunchboxes over a 6-week period (29).

Excessive energy consumption and carbon emissions are
associated with the waste produced from food delivery. Based on
annual online food delivery data of 179.2 million active users, a
2016 Chinese study found an average ordering frequency of 2

times/week and average delivery distances of 25 km (30), which
resulted in an estimated Green House Gas (GHG) emission
of 73.89 Gigatonnes (Gt) carbon dioxide-equivalent emissions
(CO2eq) (30). In Australia, COVID-19 lockdowns led to a 20%
increase in household solid wastes, partly due to a surge in
food deliveries which contributed sizeable amounts of paper,
plastic packaging waste and single-use waste (31). Another
study found in 2018, the disposal of single use packaging from
online food orders in Australia led to 5,600 tons of CO2eq (32).
With online food orders expected to increase to 65 million in
2024, researchers project a 132% rise in carbon emissions to
13,200 tons of CO2eq (32). As such, the environmental threat
of OFDS is progressively evident and needs to be considered
as governments globally move toward carbon emission
reduction targets.

FUELLING THE GIG ECONOMY

Instead of steering toward the SDG 8: “Promote sustained,
inclusive and sustainable economic growth, full and productive
employment and decent work for all”, OFDS stimulate the gig
economy and may veer away from sustainable economic growth
that will create quality jobs. While OFDS have facilitated new
job opportunities and increased flexibility of work, the quality of
these jobs is questionable with little-to-no employment rights and
poor work health and safety conditions (33).

Advances in online technology have fuelled the rise of the
“gig economy”—a free market system in which mobile apps or
websites connect consumers with individual workers providing
services. Gigs are denoted by short-term, one-off employment
contracts mediated by online platforms which include online
food delivery. Although spending on gig economy in Australia
declined severely during the period of early COVID-19 lockdown
restrictions in March 2020, it increased to 40% above pre-
lockdown levels. This growth was almost entirely driven by the
online food delivery sector, which itself increased by more than
100% between August and October 2020 (34). Indeed, UberEats
Australia, a leading OFDS, has reported providing 59,000 work
opportunities during 2020 which is an eight-fold increase since
2016 (5).

In a report on digital platform work in Australia, it has
been revealed that food delivery workers choose to work with
OFDS for flexibility and to supplement existing income streams
(35). However, food delivery workers are more dependent
on income generated from meal delivery compared to gig
workers on other digital platforms (35). This report also
suggests food delivery workers were more likely to work longer
hours in a week and were more likely to say the income
was essential for meeting basic needs (35). Moreover, food
delivery platforms may vary in their contractual agreements
where workers may be independent contractors rather than
employees. This places workers at risk of insecure income, no
insurance, personal or paid leave, no workers compensation,
superannuation or certain taxes. Over a long term, gig work
as a food delivery worker may be financially untenable. A
gig worker who spends 5–10 years in the gig economy full
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TABLE 1 | Proposed action points to mitigate negative impacts of online food delivery services and address the 2030 UN Sustainable Development Goals and entry

points identified in the WHO Meal Delivery Apps Report.

Action UN sustainable

development

goal

WHO MDA entry

point

Current and emerging research

1 Advocate for major reforms

to the gig economy sector

to recognize full

employment rights for food

delivery workers to improve

working conditions

SDG 3

SDG 8

Labor, Road

Safety

Menulog Australia has started a pilot employment program around Sydney’s

Central Business District—giving their worker’s rights to a minimum wage

and superannuation contributions by directly employing them (42)/

New Zealand’s second-largest private sector trade union, “FIRST Union”

has launched a class action lawsuit against Uber to seek better conditions

and security of rideshare and food-delivery work (43).

2 To create healthier

neighborhood food

environments by developing

cycle-friendly or convenient

and walkable pathways

within transport networks

and city infrastructures.

SDG 3

SDG 8

SDG 13

Labor, Physical

activity,

Environment

To improve potential access to healthier foods and reduce the reliance on

getting takeaway meals delivered, a “15-min” city may be a possible

solution. Proposed by Moreno and colleagues, a “15-min city” is an urban

planning concept that advocates for the provision of basic urban amenities

at distances that would take local citizens no more than 15min to access by

foot or by bicycle (44). This urban planning concept has inspired many cities

to embrace becoming more cyclable and walkable. The city of Paris is

leading the “15-min city” transformation (45) while other cities have also

seen notable action such as Melbourne (46), Shanghai (47), Singapore (48),

Portland (49), and Bogota (50).

3 Disincentivise unhealthy

food and beverage choices

through regulatory pressure

to limit promotions such as

monthly subscriptions and

junk food advertising on

social media while

promoting healthier food

options on these platforms.

SDG 12

SDG 3

Alcohol

consumption,

Nutrition

Research on the monitoring of social media food marketing content

targeted toward children and adolescents is still in its infancy. However, this

is a high priority for global bodies such as the World Health Organization.

Further research may benefit by aligning with the proposed tools and

initiatives from WHO to monitor food and beverage marketing to children via

television and the Internet (51).

In addition, the UK government has announced a ban on junk food

advertising online and before 9 p.m. on TV from 2023 (52). This ban will

affect all paid-for forms of digital marketing—from Facebook ads to paid

search results on Google, text message promotions, and paid activity on

sites such as Instagram and Twitter.

More work should also focus on the potential benefits of online food delivery

services—as many healthier food options can be promoted and selected

instead. Digital nudging interventions have shown promising results with

improvement to the nutritional quality of online school canteen lunch orders

(53). Intervention participants had significantly lower energy content and

saturated fat content than control lunch orders.

4 Generate clear public health

messaging on both the

nutritional quality and

environmental impacts of

OFDS usage in relation to

sustainability.

SDG 3

SDG 12

SDG 13

Nutrition,

Environment

Adding nutritional labeling requirements to online food delivery service

platforms may be a feasible policy option to inform individuals of the

nutritional quality of menu items. The UK has expanded its menu

calorie-labeling policies to all restaurants, cafes and takeaways—including

online food delivery and this will be implemented in April 2022 (54).

Ecolabeling, a method of identifying products or services that are

environmentally preferable (55), may also be a potential avenue to changing

individual dietary choices while also advocating for environmental

sustainability. A recent systematic review has shown promising results to

suggest ecolabeling is associated with the selection and purchase of more

sustainable food products (56).

5 Investigate sustainable and

food safe takeaway

packaging options and

implement across food

outlets partnered with OFDS

SDG 3

SDG 13

Environment, Food

safety

Research on sustainable packaging is also growing and there have been

suggestions that reusable packaging systems have better environmental

benefits over single-use systems. There is an increasing number of

companies now providing alternatives to single-use cups for restaurants

and cafes—CupClub (U.K.), Meu Copo Eco (Brazil), Globelet (Australia),

ReCup (Germany), and Revolv (Indonesia). Companies such as GoBox (US),

recircle (Switzerland), Returnr (Austria), Ozarka, and Sharepack (The

Netherlands) are leasing reusable containers to restaurants, cafes, bars, and

food trucks. It remains unclear however, how this could be applied to all

online food delivery outlets considering the need for customers to return

empty packaging that will be cleaned and refilled for future use (57).

time, could potentially be $40,000–$100,000 AUD worse off
in accumulated superannuation at retirement compared to a
minimum wage earner (34). Major reforms of OFD work in

the gig economy are required to increase the quality of these
jobs, improve the livelihood of workers and be sustainable in the
long term.
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FIGURE 1 | Conceptual diagram identifying areas for entry points and Sustainable Development Goals relating to online food delivery services to merge, forming

action points to ultimately address SDG 3 Good Health and Wellbeing. Actions are defined and described in detail in Table 1.

DISCUSSION

Existing reports shows achieving the 2030 UN SDGs will
require tremendous efforts ahead by governments and industries
globally given the considerable setback induced by the COVID-
19 pandemic (36). A systems approach to the complexities of
public health issues has been proposed by notable researchers—
as outlined in the 2011 and 2015 Lancet Series on Obesity
(37, 38) and has been a developing research area to inform
the National Institute for Health and Care Excellence guidelines
on obesity prevention (39). The synergising of goals and
targets within and between systems affecting health including
manufacturing, financial, transportation, and food, may be
essential to meaningful progress. The EAT-Lancet commission
on Food, Planet, and Health is an example which shows the
power of goal alignment (40). This report has outlined the role
of diet with human health and environmental sustainability—
addressing both the rise in unhealthy diets, the targets of the
UN Sustainable Development Goals and the Paris Agreement.
As research on the impacts of OFDS is still in its infancy, robust
solutions to resolving the issues outlined in this perspective have
yet to be developed. However, using a similar systems-based
approach, the following calls to action identify areas for existing
systems to merge.

PROPOSED CALLS TO ACTION

The World Health Organization (WHO) (41) has now
acknowledged the growing impact of online food environments
on people’s diet choices. In a recently published report, WHO
Europe has proposed the use of a systems approach to make
informed decisions on potential interventions and/or regulation
of these OFDS or otherwise known as “Meal Delivery Apps”
(MDA). Taking a systems approach, several entry points to
change were identified. These include Nutrition, Physical
Activity, Alcohol consumption, Labor, Road Safety, Food
Safety which are key elements that use existing mechanisms
to solve complex issues (41). The entry points align with the
SDGs discussed in this perspective and may benefit from
collective action by food industry, governments, policy makers
and researchers.

In Table 1, we propose a research and policy agenda
with action points that address SDGs and entry points
from the WHO report. We have also illustrated examples
of current and emerging research across these action points.
Figure 1 was designed to demonstrate how these action
points can work together to strive toward SDG 3: “Good
Health and Wellbeing” for the benefit of public health.
The proposed action points may also later converge with
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recommendations outlined from WHO Europe’s commentary
piece (58).

As research on the impact of OFDS continues to grow,
ongoing monitoring and evaluation is critical to the development
of policy options for regulating the digital food environment.
Dashboards are considered as useful tools to help users visualize
and understand complex information in a snapshot. They
have been developed to monitor global food systems (59) and
food environments (60) and may also be essential to tracking
progress of online food delivery services. We therefore also
propose the inclusion of online food settings within existing
monitoring and evaluation frameworks of food systems and food
environments (60).

CONCLUSION

In a world now grappling with ongoing repercussions of the
COVID-19 pandemic, resulting societal and environmental
changes exacerbated by COVID may further derail the
trajectory toward meeting the SDGs set by the United
Nations. OFDS are likely to proliferate, providing valued
convenience in an increasingly fast-paced modern society.
However, the potential disruption to our health and the
environment is substantial, interfering with overarching SDGs.
Food industry reforms synergised public health messaging
and continuous monitoring of the growing impact of OFDS
may be part of the solution to collectively address the
issues of sustainability, environmental health, decent work
and economic growth and nutrition. Multidisciplinary action
and research are urgently needed to further investigate
such solutions.
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There are 22 countries in the Eastern Mediterranean Region (EMR) expanding from

Morocco in the west to Pakistan and Afghanistan in the east, containing a population

of 725,721 million in 2020. In the previous 30 years, the illness burden in the EMR

has transmitted from communicable diseases to non-communicable diseases such as

diabetes, cardiovascular diseases, and cancer. In 2019, cardiovascular mortality in the

EMR was mostly attributed to ischemic heart disease, the first reason for mortality in

19 countries in the region. Stroke was the second reason for death in nine countries

followed by diabetes, which was ranked as the second reason for death in two countries.

The prominent nutrition-related NCDs risk factors in EMR include obesity, hypertension,

high fasting plasma glucose, and upregulated unhealthy diet consumption. Most of the

EMR population are unaware of their NCDs risk factor status. These risk factors, even if

treated, are often poorly controlled, therefore, inhibiting their existence by changing the

lifestyle to proper dietary habits and sufficient physical activity is mandatory. In this review,

the epidemiology and nutrition-related risk factors of NCDs in the EMR will be discussed

and illustrated, aiming to scale up action and support decision-makers in implementing

cost effective strategies to address obesity and NCDs prevention and management in

the region.

Keywords: NCDs, unhealthy diet, obesity, risk factors, EMR

INTRODUCTION

The Eastern Mediterranean Region (EMR) encompasses 22 countries including [Afghanistan,
Bahrain, Djibouti, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Pakistan,
Palestine, Qatar, Saudi Arabia, Somalia, Sudan, Syria, Tunisia, United Arab Emirates (UAE), and
Yemen], with a population of∼725,720 million (1).

In the past three decades, similar to other developing regions in the world, the EMR has
undergone a transmission in the disease burden from primarily communicable disorders, such as
lower respiratory infections, to non-communicable diseases (NCDs). NCDs include cardiovascular
diseases, cancer, diabetes, and chronic respiratory diseases. In 2012, the rate of death fromNCDs in
the EMR (654 per 100,000 persons) was higher than the global rate (539 per 100,000 persons) and
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FIGURE 1 | The interdisciplinary relationship between unhealthy diet

consumption, obesity, and other NCDs risk factors.

is expected to peak by 2030. In 2015, nearly 58.4% of total deaths
in the EMR were due to NCDs, with the chief cause being CVDs
(27.4% of total deaths) (2, 3).

NCDs are the essential global cause of death and are
responsible for over 70% of deaths worldwide (3). NCDs were
responsible for 41 million of the 57 million fatalities worldwide,
15 million of which were premature (30–70 years). The burden
is the greatest among low- and middle-income countries, where
78% of global NCDs fatalities and 85% of premature deaths took
place (4). Moreover, globally, NCDs were responsible for 1.62
billion DALYs in 2019, with an increase from 43.2% in 1990 to
63.8% in 2019 (5). In 2019, the number of fatalities in EMR due to
CVDs was 1,464,672 million, 431,312 thousand individuals died
from cancer, and 186,841 thousand died from diabetes (6).

The NCDs share the key four modifiable behavioral risk
factors including tobacco usage, unhealthy diet, physical
inactivity, and excessive use of alcohol, these factors, in turn,
lead to nutritional- physiological related risk factors including
overweight/obesity, raised blood pressure, high fasting blood
glucose, and high blood cholesterol. The relationship between
NCDs and the risk factors involved in their incidence is
intermingled and the risk factors are also associated with each
other (Figure 1). It is noteworthy that the behavioral risk factors
linked with NCDs are closely related to the demographic and
socioeconomic status (SES) in the region (7).

Despite NCDs being a critical health obstacle in all EMR
countries, tackling NCDs and their key risk factors requires an
imperative understanding of the current status and progress at
the country and region level. This review discusses nutrition-
related NCDs burden and the associated risk factors in the EMR.
The current challenges and areas requiring further attention will
be also highlighted.

METHODOLOGY

In this paper, the prevalence of NCDs and the associated
nutrition-related risk factors in theWHO-EMR are discussed and
illustrated. Data for the prevalence of CVDs, diabetes, and cancer
as well as different risk factors including overweight/obesity,

raised blood pressure, high fasting blood glucose, and high
blood cholesterol in the WHO –EMR are summarized. Age-
standardized estimates were obtained from the NCDs Risk
Collaboration, which in turn, are based on data provided to
WHO and the NCDs Risk Factor Collaboration or obtained
through a literature review (8). For those estimates, adjustments
had been made to standardize risk factor definition, age groups,
reporting year, and representativeness of the population. Age-
standardized prevalence estimates were calculated to adjust for
differences in age/sex structure between populations and to
enable comparisons between countries (8). The definition of
being overweight or having obesity was used for people with
a BMI of 25 kg/m2 or higher and a BMI of 30 kg/m2 or
higher, respectively.

Data regarding the number of deaths and probability of
death attributed to CVDs, diabetes, and cancer among adults
in EMR were obtained from the global health observatory (9).
Raised fasting blood glucose, raised blood pressure, and diabetes
prevalence in EMR was also obtained from the global health
observatory (6). Cancer trends in EMR data including the
number of cancer cases, cancer rates/100,000 (Age-standardized)
as well as cumulative cancer risk were obtained from the Global
Cancer Observatory (9). Data regarding the food consumption
in EMR were collected from the FAO food balance sheets (10).
Concerning estimated sodium intakes (g/day) for persons aged
20 and over data were attained from the systematic analysis of
24 h urinary sodium excretion and dietary surveys worldwide
(11). Data relating to the mean salt intake for adults (g/day) were
obtained from the non-communicable diseases country profiles
(4). Saturated fat (% energy), Omega-6 PUFA (% energy), Trans
fat (% energy), Dietary cholesterol (mg/d), Seafood omega-3 fat
(mg/d), and Plant omega-3 fat (mg/d) data were obtained from
the systematic analysis nutrition surveys including 266 countries
(11). Data relating to sugar-sweetened beverage consumption in
EMR were harvested from a systematic assessment of beverage
intake in 187 countries (12).

The data from the Global Burden of Disease Study 2019
presented in this review included the rank of the nutrition related
risk factors that caused deaths in EMR countries in 2019 as well
as the percentage change in these risk factors between 2009 and
2019 (13).

The policies relating to actions to reduce NCDs in EMR, as
well as the policies associated with healthy diets in the countries
of the WHO-EMR, are tabulated. Data have been extracted
from various sources. These include the WHO’s global (6) and
regional health observatories (14), data collected for the second
WHOGlobal Nutrition Policy Review 2016–2017 (15), theWHO
Global Database on the Implementation of Nutrition Action
(GINA) (16), communication about country-level action from
WHO country offices and national government nutrition focal
points, and other relevant academic papers (17–20). Specifically,
data were collected on the policy areas related to a healthy diet
that features in the new regional nutrition strategy (21).

Data are presented in narrative or tabular form. To group
countries according to the income level, the World Bank
classification was used to identify the income level of each
country (22). The low-income group includes Afghanistan,
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Somalia, Sudan, Syria, and Yemen. The lower middle-income
group includes Djibouti, Egypt, Morocco, Pakistan, Tunisia, and
the occupied Palestinian Territory. The upper middle-income
group includes: Iran, Iraq, Jordan, Lebanon, and Libya. The
high-income level includes: Bahrain, Kuwait, Oman, Qatar, Saudi
Arabia, and United Arab Emirates (UAE).

RESULTS

Nutrition Related Non-Communicable
Diseases
Cardiovascular Diseases
Worldwide, in 2019, cardiovascular diseases were responsible for
393 million DALYs and 18.6 million deaths in both sexes (23).
In EMR, the high number of NCDs deaths was attributed to
CVDs (1,464,672 million) in 2019. Pakistan recorded the highest
number (449,905) followed by Egypt (252,650), Iran (157,018)
then Morocco (126,562) (6) (Table 1).

Diabetes, smoking, high blood pressure, high BMI, stress,
high cholesterol levels, poor nutrition, and insufficient physical
exercise are all considered risk factors responsible for the
incidence of CVDs (24). According to Franklin and Wong,
hypertension is the main cause of cardiovascular disease, which
worsens with age and may be the world’s leading cause of
mortality (25).

A cross-sectional study conducted among the local population
of 53 cities in Punjab, Pakistan, reported that CVDs impacted
17.5% of the population, with females having a higher incidence
rate than males and start occurring at a younger age. An inactive
lifestyle, low level of activity and family history of disease could
be disease risk factors (26). CVDs are also responsible for 40%
and 37% of deaths in Egypt and Saudi Arabia, respectively. A
comparative cross-sectional study involved students from two
medical of both sexes from Saudi Arabia and Egypt revealed a
relatively high prevalence of a sedentary life style, obesity, and
abdominal obesity. Saudi students revealed a significantly higher
prevalence of obesity while male Egyptian students recorded a
significantly higher prevalence of hypertension. Both populations
were at an elevated risk of acquiring fatal cardiovascular disease
within 10 years (23.9% of Saudi students and 16.7% of Egyptian
students) (27). In Iran despite the slight recession in the number
of smokers, total cholesterol, and blood pressure, adverse trends
in physical activity, unhealthy diet, obesity, and fasting plasma
glucose must be addressed immediately at a public health level in
order to battle the advancement of CVDs (28).

According to the Global Burden of Disease Study 2019,
ischemic heart disease is the most common reason for death
in EMR and it is the first reason for death in 19 countries in
EMR (Afghanistan, Bahrain, Egypt, Iran, Iraq, Jordan, Kuwait,
Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Saudi Arabia,
Sudan, Syrian Arab Republic, Tunisia, United Arab Emirates, and
Yemen) (13). Globally, on concomitant ischemic heart disease
was the leading cause of death in people aged between 30 and 70
years in 146 (83%) countries for men and 98 (55.7%) for women.
For men, the risk reached as high as 20% and for women as
high as 13% in some countries. Other regions that suffer from

this high risk of dying from ischemic heart disease were eastern
Europe, central Asia, and south Asia (29). The highest increase
in the ischemic heart disease percentage between 2009 and 2019,
in the EMR, was reported in UAE (130.6%) followed by Jordan
(86.3%) then Djibouti (67.9 %) and Egypt (62.9 %). Stroke is the
second reason for death in nine countries (Iraq, Jordan, Kuwait,
Lebanon, Libya, Morocco, Palestine, Syrian Arab Republic, and
Tunisia). The highest increase in stroke percentage between 2009
and 2019, was reported in UAE (105.2%) followed by Jordan
(78.5%) then Djibouti (52.7%) (13).

Diabetes Mellitus
In 2019, diabetes mellitus caused 70.9 million (2.8%) of total
global DALYs (30). 9.3 percent (463 million people) was the
conservative estimate for the prevalence of diabetes in 2019
which is expected to rise by 2030 to 10.2% (578 million) and by
2045 to 10.9% (700 million). The prevalence is higher in urban
(10.8%) than rural (7.2%) areas, and in high-income (10.4%) than
low-income countries (4.0%). Nearly, half of people (51%) living
with diabetes are not aware of that they are diabetics. Impaired
glucose tolerance affected 7.5% of the world’s population (374
million) in 2019, rising to 8.0% (454 million) by 2030 and 8.6%
(548 million) by 2045 (31). Notably, in 2019 the prevalence
of diabetes was the highest in the EMR (11.96%) compared
with all other regions. Sudan, Qatar, Iran, Bahrain, Somalia,
and Djibouti revealed the highest percentage of Diabetes among
individuals aged 20–80 years (22.1, 19.9, 17.2, 16.3, 15.8, and
15.6%, respectively) (32) (Table 2; Figure 2).

In EMR, the total number of fatalities due to diabetes
was 186,841 thousand in 2019. Pakistan recorded the highest
number (80,976) followed by Egypt (26,844), Iran (157,018) then
Morocco (17,947) (6) (Table 1). According to the 2019 Global
Burden of Disease Study, diabetes is the second cause of death
in two countries (Bahrain and Jordan) and the third reason
for death in three countries (Iraq, Palestine, and Qatar) in the
region. The highest increase in diabetes percentage between
2009 and 2019 in EMR was reported in UAE (124.2%) followed
by Palestine (89.1%) then Bahrain (88.1%), Iran (80.8%), and
Jourdan (69.7%) (13).

The mortality rate due to diabetes in Bahrain was 14% in
2016. A cross sectional study reported that type 2 diabetes exerts
a significant pressure on Bahrain’s healthcare system—primarily
due to costly diabetes-related complications. Thereby, reducing
the risk factors for diabetes is mandatory to minimize disabling
and expensive complications (33). Additionally, multivariate
analysis for a wide community-based survey in Pakistan using
glycated hemoglobin revealed a significant link between type 2
diabetes and old age. Increase in bodymass index, central obesity,
positive family history, and having hypertension with type 2
diabetes were inversely related to education (34).

Egypt has been identified by the International Diabetes
Federation as the ninth leading country in the world for the
number of type 2 diabetes patients. The frequency of type 2
diabetes has nearly tripled in the last two decades in Egypt. This
dramatic increase could be due to an increase in the typical risk
factors for type 2 diabetes, such as obesity and physical inactivity,
as well as a shift in dietary habits, or to other risk factors specific
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TABLE 1 | Number of deaths and probability of death attributed to CVDs, diabetes, and cancer among adults in EMR (6).

Number of deaths Number of deaths Number of deaths Probability of dying Probability of Probability of Probability of

attributed to CVDs attributed to diabetes attributed to cancer from any NCDs death due to death due to death due to

between (30–70) CVDs cancer diabetes

Both Males Females Both Males Females Both Males Females Both Males Females Both Both Both

2019 2019 2019 2019 2016

Afghanistan 71,264 33,793 37,471 8,060 2,612 5,448 15,565 7,756 7,809 35.27 34.37 36.16 21.00 8.00 3.00

Bahrain 1,450 913 537 820 485 336 640 336 303 16.06 16.38 15.43 28.00 16.00 14.00

Djibouti 1,730 913 817 345 196 150 508 206 302 22.01 23.43 20.6 19.00 7.00 2.00

Egypt 252,650 135,587 117,063 26,844 12,863 13,981 85,226 46,452 38,774 28.03 32.74 23.22 40.00 13.00 3.00

Iran 157,018 90,226 66,793 17,947 9,008 8,940 61,063 36,388 24,676 14.80 17.57 11.96 43.00 16.00 4.00

Iraq 62,913 33,304 29,609 9,762 4,731 5,031 15,004 7,594 7,409 23.55 27.52 19.99 27.00 11.00 4.00

Jordan 9,739 4,732 5,007 2,253 1,027 1,227 6,075 3,260 2,815 15.30 17.03 13.57 37.00 12.00 6.00

Kuwait 3,315 2,855 460 321 232 90 1,815 981 835 11.89 13.76 8.03 41.00 15.00 3.00

Lebanon 17,544 10,392 7,151 1,352 783 569 9,078 4,858 4,220 19.87 24.18 15.21 47.00 16.00 5.00

Libya 10,717 5,188 5,530 1,234 514 719 3,557 1,993 1,564 18.59 19.7 17.56 35.00 12.00 4.00

Morocco 126,562 60,732 65,830 10,851 4,346 6,505 33,845 19,293 14,552 24.13 25.97 22.25 38.00 14.00 6.00

Oman 7,848 4,551 3,296 1,143 643 500 1,750 1,131 619 21.48 22.46 20.26 36.00 11.00 8.00

Pakistan 449,905 245,135 204,770 80,976 37,892 43,084 124,328 64,049 60,279 29.41 31.84 26.85 29.00 8.00 3.00

Qatar 1,487 926 561 526 291 235 716 467 248 10.74 10.08 13.24 27.00 16.00 9.00

Saudi Arabia 60,291 38,233 22,058 7,203 4,311 2,892 10,615 6,176 4,438 20.90 22.36 18.44 37.00 10.00 3.00

Somalia 20,301 11,759 8,542 3,475 2,107 1,368 8,335 3,109 5,226 30.41 34.02 26.72 10.00 4.00 1.00

Sudan 76,772 38,548 38,223 4,597 2,096 2,502 17,892 7,646 10,246 22.80 24.34 21.36 28.00 6.00 2.00

Syria 39,037 19,188 19,849 2,247 953 1,294 13,742 6,803 6,939 22.11 26.07 18.31 25.00 9.00 1.00

Tunisia 33,906 17,334 16,572 2,550 1,186 1,364 10,246 6,150 4,095 15.73 19.16 12.38 44.00 12.00 5.00

UAE 7,579 6,121 1,459 1,707 1,312 396 2,103 1,089 1,014 18.50 19.8 15.49 40.00 12.00 5.00

Yemen 52,644 27,059 25,585 2,627 1,114 1,512 9,210 4,300 4,910 27.60 30.64 24.76 33.00 6.00 2.00
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TABLE 2 | Obesity, raised fasting blood glucose, raised blood pressure, diabetes prevalence, and cancer trends in EMR (6).

Diabetes (%)

Age 20–79

Cancer

cases (N)

Cancer Rates/

100,000 (Age St.)

Cumulative

cancer risk

Obesity prevalence

among adults, BMI

≥30 (Age St.) (%)

Hyper-tension

(%) (Age St.)

Raised blood

pressure

(SBP ≥ 140

Or DBP ≥ 90)

Raised fasting

blood glucose

(≥7.0) mmol/L

Mean total

cholesterol (Age St.)

Mean

non-HDL

cholesterol

(Age St.)

Both Both Both Both Both M F Both Both Both Both M F Both

2019 2020 2020 2020 2016 2016 2016 2019 2015 2014 2018 2018 2018 2018

Afghanistan 9.2 20,975 175.4 20 5.5 3.2 7.6 33.7 30.6 11.9 4.1 4.0 4.2 3

Bahrain 16.3 1,177 180.6 26.66 29.8 25.5 36.8 28.6 21.4 11.5 4.5 4.5 4.6 3.3

Djibouti 15.6 737 146.6 15.21 13.5 8.6 18.3 24.1 26.8 8.1 4.2 4.1 4.3 2.8

Egypt 5.1 129,577 258 31.39 32 22.7 41.1 33.3 25 17.9 4.4 4.2 4.5 3.3

Iran 17.2 127,548 245.2 35.6 25.8 19.3 32.2 23.6 19.7 12.1 4.4 4.3 4.5 3.1

Iraq 9.6 31,801 217.6 25.86 30.4 23.4 37 40.7 25.2 17.4 4.7 4.6 4.7 3.4

Jordan 8.8 11,107 251.8 29.63 35.5 28.2 43.1 33.2 21 16.8 4.8 4.7 4.9 3.5

Kuwait 12.7 3,716 185.3 27.97 37.9 33.3 45.6 33.5 23.6 19.6 4.8 4.8 4.9 3.5

Lebanon 12.2 11,287 252.5 30.53 32 27.4 37 32.2 20.7 13.4 5.0 5.0 5.0 3.7

Libya 11.2 7,388 212.8 28.17 32.5 25 39.6 34.2 23.7 15.9 4.3 4.2 4.4 3

Morocco 10.2 57,772 238.8 26.96 26.1 19.4 32.2 29.5 26.1 13.7 4.1 4.0 4.2 2.8

Oman 7 3,557 165.4 17.58 27 22.9 33.7 38.6 24.8 13.5 4.6 4.6 4.7 3.4

Pakistan 10.1 170,668 178.7 19.81 8.6 6 11.3 34.2 30.5 12.4 4.2 4.1 4.3 3.1

Qatar 19.9 1,435 172.2 28.55 35.1 32.5 43.1 31.1 22.4 18.9 4.3 4.3 4.5 2.9

Saudi Arabia 15.6 26,505 152.1 20.13 35.4 30.8 42.3 31.9 23.3 17.4 4.6 4.5 4.6 3.3

Somalia 15.8 9,140 189.7 20.24 8.3 3.9 12.3 27.1 32.9 6.8 4.2 4.1 4.3 3.1

Sudan 22.1 25,347 153.4 17.85 8.6 3.8 12.4 27.4 30.2 8.9 4.1 3.9 4.3 3

Syria 5.1 20,193 241.5 28.61 27.8 20.9 34.8 33.5 24.5 14.6 4.5 4.5 4.6 3.3

Tunisia 13.5 19,031 214.9 28.05 26.9 19.1 34.3 32.1 23.2 12.5 4.3 4.1 4.5 3

UAE 8.5 4,611 170.7 28.49 31.7 27.5 41 27.7 21.1 15.1 4.6 4.5 4.7 3.4

Yemen 5.4 14,848 154.4 21.81 17.1 12 22 34.8 30.7 11.3 4.5 4.4 4.6 3.4
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FIGURE 2 | Diabetes prevalence among adults in different regions (6).

to Egypt. Increased exposure to environmental risk factors such
as pesticides and a higher prevalence of chronic hepatitis C are
two examples (35).

In a population-level mathematical model among Qatari, the
baseline scenario revealed that type 2 diabetes prevalence would
be upregulated from 16.7% in 2016 to 24.0% in 2050. By lowering
obesity prevalence by 10–50%, type 2 diabetes prevalence would
reduced by 7.8–33.7%, while by reducing physical inactivity
prevalence by 10–50%, type 2 diabetes prevalence would reduced
by 0.5–6.9% by 2050 (36).

Cancer
Globally in 2019, total cancers recorded 23.6 million incident
cases, 10.0 million deaths, and 250 million DALYs. Total cancers
were the second-ruling reason for death and DALYs in 2019
worldwide (13). Globally in 2020, an estimated 19.3 million new
cancer cases (18.1 million excluding non-melanoma skin cancer)
and almost 10.0million cancer deaths (9.9million excluding non-
melanoma skin cancer) occurred (37). According to long-term
projections, the EMR countries will suffer from a disturbing rise
in the number of cancer patients reaching a 1.8 fold by 2030 (38).
The highest number of cancer cases in EMR in 2020 has been
recorded in Pakistan (170,668) thousand individuals followed
by Egypt (129,577), then Iran (127,548) (9) (Table 2). Bahrain,
Qatar, Iran, and Lebanon reported a 16% mortality rate due to
cancers, Kuwait reported 15% while Egypt reported 13% (4).

Bahrain, which is among the high income gulf countries,
suffers from a rising burden of cancer (39, 40). Breast, colorectal,
and lung cancers, followed by non-Hodgkin lymphoma and
leukemia, are the five most frequently diagnosed cancers in
Bahrain (41). Obesity, smoking, a sedentary lifestyle, and a
high-fat/low-fiber diet are among the significant risk factors for
colorectal cancer in Bahrain. Nearly one-third of the population
of Bahrain is overweight or obese (42, 43).

A systematic review investigating the epidemiological aspects
of gastric cancer in Iran based on articles published during the
years 1970–2020 showed that poor levels of economic position

and food insecurity raised the probabilities of stomach cancer
by 2.42- and 2.57-times, respectively. Moreover, there was a link
between dairy products, processed red meat, fruit juice, legumes,
smoked and salty fish, salt, strong as well as hot tea consumption
with the risk of stomach cancer. There was also an inverse link
between fresh fruit, citrus, and garlic consumption and stomach
cancer (44).

The global age-standardized rate as reported by the American
Institute for Cancer Research, 2018 for all cancers (including
non-melanoma skin cancer) for both genders was 197.9 per
100,000 in 2018. Men revealed a higher rate (218.6 per 100,000)
than women (182.6 per 100,000) (45). Most of the EMR countries
revealed a relatively high rate of cancer incidence as nine
countries in the region have cancer rates of more than (200
per 100,000). The highest cancer rates as revealed in 2020 have
been reported in Egypt (258 per 100,000) followed by Lebanon
(252.5 per 100,000) then Jordan (251.8 per 100,000) then Iran
(245.2 per100,000) followed by Syria (241.5 per 100,000), and
then Morocco (238.8 per 100,000) (9) (Table 2).

In EMR, the total number of fatalities due to cancer (431,312)
in 2019. Pakistan recorded the highest number (124,328)
followed by Egypt (85,226), Iran (61,063), thenMorocco (33,845)
(6) (Table 1). By 2050, a three-fold increase in cancer incidence
relative to 2013 was estimated to occur in Egypt (46). The highest
increase in cancer percentage between 2009 and 2019 in EMR
was reported in the UAE (241.7% increase in pancreatic cancer)
followed by Jordan and Qatar (103.7 and 95.2%, respectively
increase in lung cancer) (13).

Risk Factors Burden
A dramatic increase in NCDs-related risk factors has been
reported in the EMR in the past 10 years (13). The risk factors
of NCDs comprise metabolic-physiological-related conditions
(including obesity, high blood pressure, high fasting plasma
glucose, high blood cholesterol) as well as behavioral-related
activities (including smoking, low physical activity, unhealthy
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diet consumption, excessive use of alcohol). An analytic review
published in 2019 reported that individuals who followed healthy
lifestyle practices including regular physical activity, sound
nutrition, weight management, and non-smoking revealed a
significant downregulation of CVDs risk by >80% and diabetes
by >90% (47). Additionally, another study outlined that around
40% of cancer cases could be prevented by reducing exposure
to cancer risk factors including diet, nutrition, and physical
activity (45).

Dietary Risks or Unhealthy Diet
Consumption
Dietary risk is defined as eating a diet low in whole grains,
nuts, seeds, fruit, vegetables, fibers, legumes, omega-3 fatty acids,
PUFA, milk, and calcium as well as a diet high in sodium, trans
fats, red or processedmeat, and sugar-sweetened beverages (SSB).
Globally in 2019, dietary risks were responsible for 188 million
DALYs and 7.94 million deaths among adults aged 25 and older.
It was the fifth-ruling risk factor for attributable DALYs (48).
Dietary risk is the third risk factor in Syria and the fourth risk
factor in 6 countries in the EMR (Afghanistan, Morocco, Oman,
Pakistan, KSA, and Yemen) responsible for the most deaths
and disabilities. The highest increase in dietary risk percentage
between 2009 and 2019 in EMR was reported in UAE (136.9%),
followed by Jordan (84.7%) then Qatar (66.8%) (13), as shown
in Table 5.

Fruits and Vegetables
An adequate daily intake of fruits and vegetables is associated
with reduced risks of CVDs (49), stroke (50), type 2 diabetes (51),
and certain types of cancer (52, 53), which are the major causes of
mortality and morbidity in the EMR. The 2002 Joint FAO/WHO
Expert Consultation on Diet, Nutrition and the Prevention of
Chronic Diseases recommends a minimum of 400 g per day of
fruits and vegetables, an equivalent of ≥5 servings of fruits and
vegetables per day, excluding starchy roots (54).

In 2013, the rate of fruits and vegetables intake among
individuals living in the EMR was 280 g per day, which is
lower than WHO recommendation for the prevention of NCDs.
Furthermore, it has been reported that the mean daily intake of
fruits in the Middle East and North Africa region was <130 g per
day, and the mean intake of vegetables was less than 200 g per day
(2). According to the food balance sheets 2019, the mean fruits
and vegetables intake among EMR countries is 32 kg/capita/year
(10), see Table 3. It is noteworthy, that data concerning fruits and
vegetables intake in EMR are limited.

Most individuals living in the EMR have an insufficient
intake of fruits and vegetables. It has been established that only
7.3% of individuals from Saudi Arabia aged 15–64 years were
consuming the WHO-recommended five servings of fruits and
vegetables per day and only 2.6% met the CDC guidelines for
daily consumption of fruits and vegetables (55). In a more
recent cross-sectional study conducted on 1,437 individuals,
aged ≥ 18 years, 88% of the subjects recorded low intake of
fruits and vegetables with a significant increase in fast food
consumption (56). The relationship between food consumption
patterns and expenditure was investigated in village Kabal in

rural areas of Pakistan, using a sample size of 100 households.
The study outlined that an adult consumes nearly 74.68 g of
meat, 166.34 g of milk, 372.51 g of flour, 70.29 g of rice, 28.31 g
of pulses, 177.12 g of vegetables, 66.39 g of fruits, 6.76 g of black
tea, 53.60 g of fats, and 73.21 g of sugar daily (57). Furthermore,
an assessment of fruits and vegetables consumption among 473
medical students in Egypt outlined that 8.2% of students knew
the recommended five daily servings for fruits and vegetables,
and 23.26% consumed the five daily servings. Healthy food items
were tried by only 35.7% of students (58).

Fat Consumption
Fat consists of trans-fatty acids (TFAs), saturated fatty acids
(SFA), and unsaturated fatty acids (59). Saturated fatty acids
can be found in animal products like milk, butter, cheese, as
well as most plant oils, particularly palm and coconut oil, which
are high in SFA. Lauric acid, myristic acid, and palmitic acid
(PA) are all major sources of SFA, and they all raise low-density
lipoprotein cholesterol (LDL-c) (60). Increased inflammation,
oxidative stress, and decreased nitric oxide and insulin signaling
is some of the impacts of PA, which is found in palm oil (61, 62).
The American Heart Association recommends a healthy dietary
pattern that achieves 5–6% of calories from saturated fat (about
13 g of saturated fat per day). In EMR, three countries have
exceeded 13% of energy from saturated fats, Djibouti (15.2% of
energy) followed by Yemen (13.9% of energy), and KSA (13.5% of
energy) (63) (see Table 4). In Saudi Arabia, a significant positive
association was found between the intake of fats, protein, and
calories and the risk of breast cancer. Adjusted odds ratios for
the highest quartile of intake versus the lowest were 1.88 for
cholesterol, 2.12 for polyunsaturated fat, 2.25 for animal protein,
2.43 for saturated fat, and 2.69 for total energy from dietary
intake (64).

A diet high in trans-fatty acids is defined as any intake (in
percentage daily energy) of trans fat from all sources, primarily
partially hydrogenated vegetable oils and ruminant products.
TFAs are typically found in processed food, fast food, snack food,
fried food, pies, cookies, margarine, and spreads (59). In 2019, a
diet high in TFAs was responsible for 14.2 million DALYs and
645,000 deaths. It was the seventh-ruling dietary risk factor for
attributable DALYs (65).

The consumption of TFAs increases the risk of death from
any cause by 34% and coronary heart disease by 28% (66). An
increase in coronary heart disease mortality estimated by 12%
occurs as a result of every 1% increase in daily energy obtained
from TFAs (67). Industrial TFAs intake has also been related to
an increased risk for other NCDs and associated conditions such
as ovarian cancer (68), infertility, endometriosis, Alzheimer’s
disease, diabetes, and obesity (59, 69). Higher consumption of
hydrogenated vegetable oils was associated with an increased risk
of myocardial infarction in a cohort study conducted among an
Iranian population (70).

Despite WHO recommendations that total trans fat intake
should not exceed 1% of total energy intake, which translates to
>2.2 g/day for a 2,000-calorie diet (71), in 2010, four countries
in the region have exceeded this level (Iran, Bahrain, Pakistan,
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TABLE 3 | Food consumption in EMR (2019) (10).
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Afghanistan 0.82 54.58 6.64 0.24 0.31 38.04 0.23 1.44 1.06 0.01 0.02 0.1 4.46 0.04 0.29 1.47 25.7 15.16 0 161.9 0.04 17.08 0.54

Bahrain

Djibouti 1.97 0.98 47.51 12.83 0.02 0.27 0.72 19.58 0.48 0.04 0.15 0.18 0.15 9.6 0 0.83 0.58 16.65 49.38 0 121.8 0.02 41.18 3.46

Egypt 0.5 2.85 66.16 24.01 13.55 0.14 0.8 24.8 0.22 0.39 1.31 0.05 0.12 0.01 0 3.23 2 28.38 50.92 2.97 145.9 0.03 25.89 0.73

Iran 1.57 8.33 69.35 54.69 5.86 0.39 0.09 23.24 0.18 9.81 2.7 0.09 0.14 0.02 0.17 6.38 4.68 31.1 40.29 156 0.86 27.22 3.64

Iraq 1.63 10.16 54.75 22.24 2.4 0.13 0.03 26.22 0.18 1.32 0.24 0.02 0.05 0.01 4.25 0.12 1.13 6.97 18.08 50.89 0 135.8 0.02 17.3 3.69

Jordan 0.32 5.3 57.27 5 0.56 0.9 0.06 48.19 1.26 1.78 0.28 0.06 2.18 3.86 0.81 3.77 6.78 20.77 20.27 0.12 96.7 0.11 29.94 8.71

Kuwait 0.3 14.2 100.3 13.31 2.55 1.56 2.17 39.38 0.04 2.34 2.08 1.05 0.02 4.24 0.03 2.46 0.61 38.71 51.98 0.2 102.1 0.24 34.52 1.61

Lebanon 1.03 5.83 61.23 30.73 1.33 1.48 0 76.92 0.49 5.52 0.76 0 2.21 0.01 0.87 6.9 4.93 41.4 12.49 0.31 123.9 0.23 39.68 3.54

Libya 0.61 9.29 79.23 29.91 0.04 0.21 0.87 49.19 0.2 5.75 0.3 0.03 1.9 0.27 0 0 1.3 3.21 25.21 22.47 0 129.4 0.23 28.13 16.3

Morocco 0.12 8.69 58.54 23.48 0.49 1.05 1.9 25.42 0.55 3.23 1.42 0.01 4.02 0 6.04 1.52 41.34 2.1 0.21 176.9 0.18 33.51 0.84

Oman 0.25 8.99 103.53 45.59 0.47 3.04 2.8 86.64 0.76 1.23 0.9 0.18 0.04 6.03 0.03 0.56 1.08 21.27 51.13 0.03 74.9 0.38 20.66 10.21

Pakistan 0.97 3.47 13.7 23.02 1.23 0 0 113.6 0.93 0.31 5.21 0 0.01 0.27 4.08 0 1.2 0 14.74 19.73 0.07 103.9 0.02 21.06 0.3

Qatar

KSA 0.24 8.72 42.04 7.94 4.26 0.37 1.55 44.84 0.52 1.37 1.19 0.1 0.6 0.43 11.36 0.7 0.57 1.73 16.99 53.25 0.15 97.6 0.38 30.27 1.67

Somalia

Sudan 0.18 1.36 27.51 20.64 0.97 0.05 3.41 92.57 0.61 0.01 0 0.01 0.29 0.58 0.54 0 2.18 9.31 1.23 5.57 61.6 0.02 28.21 0.44

Syria 0.29 9.43 76.79 20.65 0.41 0.04 0.13 82.76 0.99 6.73 0.5 0.06 5.94 0.1 0.31 0.17 1.68 7.2 26.91 10.46 0 132.9 0.13 20.91 13.75

Tunisia 0.43 7.15 159.76 30.3 0.28 0.43 0.28 91.32 0.64 6.47 0.82 0.28 3.92 2.77 0.02 3.85 1.35 29.09 1.53 0 198.5 0.29 33.06 0.76

UAE

Yemen 0.69 1.5 10.17 13.76 0.09 10.13 0.33 0.39 0.04 0.01 0.04 0.05 5.21 0.23 0.02 0.36 6.15 28.61 0.01 115.2 0.06 24.35 1.5
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TABLE 4 | Salt, fat, and sugar-sweetened beverage consumption in EMR (4, 11, 12, 63).

Salt Dietary fats and oils Sugar-Sweetened Beverages

Estimated sodium Mean population salt Saturated Omega-6 Trans fat Dietary Seafood Plant Mean juice intake Mean SSB intake Mean milk intake

intakes (g/day) in 2010 intake, adults (g/day) in 2016 fat PUFA fat cholesterol omega-3 omega-3 (servings/day) (servings/day) (servings/day)

(% energy) (% energy) (% energy) (mg/d) fat (mg/d) fat (mg/d)

Both M F Total Total Total Total Total Total Total Total Total F M Both F M Both F M Both

Afghanistan 3.39 3.55 3.22 9 8 9 10.8 4.6 1.3 212 30 665 0.03 0.02 0.03 0.34 0.37 0.36 0.36 0.34 0.35

Bahrain 5.38 5.57 5.05 14 13 14 8.9 6.4 3.2 245 52 1,451 0.26 0.22 0.24 0.50 0.53 0.51 0.79 0.70 0.75

Djibouti 2.36 2.48 2.24 6 6 6 15.2 3.7 0.7 213 13 640 0.02 0.02 0.02 0.75 0.81 0.78 0.49 0.45 0.47

Egypt 3.68 3.85 3.52 10 9 9 9.6 4.8 6.5 402 42 568 0.14 0.12 0.13 0.32 0.34 0.33 0.61 0.55 0.58

Iran 4.02 4.21 3.83 11 10 10 10.8 6.2 2.4 232 77 1,195 0.34 0.28 0.31 0.17 0.17 0.17 0.62 0.56 0.59

Iraq 3.76 3.95 3.59 10 9 10 10.3 4.4 1.7 288 50 922 0.14 0.11 0.13 0.37 0.40 0.38 0.52 0.44 0.48

Jordan 4.13 4.31 3.95 11 10 10 11.3 6.6 1.6 239 44 1,410 0.15 0.13 0.14 0.60 0.67 0.64 0.72 0.65 0.68

Kuwait 3.88 4.01 3.65 10 9 10 12.8 5.7 1.8 214 47 1,159 0.11 0.09 0.10 0.42 0.46 0.44 0.69 0.64 0.66

Lebanon 3.13 3.3 2.98 8 8 8 11.2 9.9 1.6 287 76 1,918 0.20 0.17 0.18 0.69 0.74 0.72 0.33 0.29 0.31

Libya 4.24 4.45 4.03 11 10 11 7.4 7.8 1.6 194 8 1,265 0.16 0.14 0.15 0.40 0.44 0.42 0.63 0.57 0.60

Morocco 4.31 4.53 4.11 12 10 11 9 6.4 1 239 60 1,283 0.13 0.10 0.12 0.46 0.50 0.48 0.29 0.26 0.28

Oman 3.78 3.93 3.56 10 9 10 10.3 5.9 1.8 253 45 1,181 0.16 0.14 0.15 0.40 0.43 0.42 0.56 0.50 0.53

Pakistan 3.91 4.05 3.75 10 10 10 3.8 3.5 5.8 157 16 277 0.05 0.04 0.04 0.45 0.50 0.48 0.54 0.50 0.52

Palestine 3.86 4.04 3.69 _ _ _ 8.6 5.2 1.9 258 63 973 0.16 0.14 0.15 0.43 0.46 0.44 0.62 0.56 0.59

Qatar 4.21 4.29 3.9 11 10 11 10.2 6.8 1.7 220 8 1,505 0.23 0.19 0.21 0.48 0.51 0.50 0.73 0.65 0.69

KSA 3.2 3.33 3.03 8 8 8 13.5 4.1 1.1 286 50 656 0.37 0.31 0.34 0.38 0.42 0.40 0.68 0.61 0.64

Somalia 2.07 2.17 1.97 6 5 5 10.9 3.8 0.7 170 48 337 0.01 0.01 0.01 0.23 0.26 0.25 0.17 0.15 0.16

Sudan 2.37 2.49 2.26 _ _ 8.2* 9.1 4.7 1.1 278 1,291 526 0.05 0.04 0.05 0.59 0.66 0.62 1.03 0.93 0.98

Syria 4.18 4.37 3.99 11 10 11 9.7 5.6 1.5 251 58 1,134 0.20 0.16 0.18 0.50 0.54 0.52 0.81 0.73 0.77

Tunisia 4.43 4.63 4.24 12 11 11 9.8 7.5 1 286 17 2,215 0.12 0.10 0.11 0.40 0.43 0.42 0.63 0.58 0.61

UAE 3.67 3.76 3.43 10 9 9 10.7 5.2 1.1 262 377 962 0.28 0.23 0.25 0.43 0.47 0.45 0.73 0.67 0.70

Yemen 3.37 3.55 3.21 9 8 9 13.9 3.6 1.5 224 52 362 0.12 0.09 0.10 0.44 0.49 0.46 0.34 0.30 0.32
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and Egypt) (63) (Table 4). Laboratory analysis was conducted
for profiling TFAs, saturated, and unsaturated fatty acids in the
products that are mostly consumed in the major governorates
in Egypt. On average, 34% of the products exceeded the TFAs
limit (more than 2 g TFA/100 g of fat). The study revealed that
around one third of products in the Egyptian market have a high
TFAs content (72). Iran has achieved a marked improvement in
the reduction of TFAs as early studies recorded 12.3 g as a mean
intake in 2007, while in 2013 this has been reduced to 1.42 and
1.5 g in 2018 (73–76).

The 2019 American College of Cardiology/American
Heart Association Guideline on the Primary Prevention of
Cardiovascular Disease concluded that a diet containing reduced
amounts of cholesterol and sodium could be beneficial to
decrease atherosclerotic CVDs risk (77). Every increase in
dietary cholesterol by 100 mg/day predicted an increase in
LDL-c from 1.90 to 4.58 mg/dl depending on the model (78).
The 2015 National Lipid Association Recommendations for
Patient-Centered Management of Dyslipidemia, recommend
limiting dietary cholesterol to <200 mg/d to lower LDL-
c and non–high-density lipoprotein cholesterol (HDL-c)
concentrations, however, insufficient evidence among
populations doesn’t exist (79). Within EMR, all of the countries
are beyond the previous recommended level, particularly Egypt
where the recorded dietary cholesterol level was 402 mg/day,
followed by Iraq 288 mg/day, then Lebanon 287 mg/day, then
KSA and Tunisia 286 mg/day (63) (Table 4).

High Sugar Diet
The term “sugars” includes intrinsic sugars, from intact fruit and
vegetables; milk, as well as free sugars, which are added to foods
and beverages, and sugars naturally present in honey, syrups,
fruit juices, and fruit juice concentrates (80).

There is uprising worry regarding the free sugars’ intake,
particularly in the form of SSB that increases the overall energy
consumption and may reduce healthy food items’ intake. This
leads to unhealthy dietary habits, subsequent weight gain, and
increased risk of NCDs (54, 81–83). Another concern is the
association between intake of free sugars and dental caries (54,
84–86). Dental diseases are the most prevalent NCDs globally
(87, 88).

The established dietary goal for free sugars’ intake is <10% of
total energy but ideally less than 5% of total energy intake. This
10% ratio is equivalent to 50 g for a person of healthy body weight
consuming about 2,000 calories per day (54).

Juice and SSB Consumption
A diet high in SSB is defined as any intake (in grams per
day) of beverages with ≥50 kcal per 226.8 g serving, including
sodas, carbonated beverages, energy drinks, and fruit drinks, but
excluding 100% fruit and vegetable juices. In 2019, a diet high
in sugar-sweetened beverages was responsible for 6.31 million
DALYs and 242 000 deaths. It was the 13th-leading dietary risk
factor for DALYs (89).

The average consumption of raw sugar in EMR is 80 g per day,
while the recommended amount of sugar is equivalent to 50 g.
The highestmean consumption of SSB among EMR countries has

been recorded in Djibouti 0.78 serving/day followed by Lebanon
0.72, then Jordan 0.64, then Sudan 0.62, then Syria 0.52, and
Bahrain 0.51. The highest juice intake in EMR has been recorded
in KSA 0.34 serving/day followed by Iran 0.31, thenUAE 0.25 and
Bahrain 0.24 (12) (as outlined in Table 4).

A review of the literature reveals that SSBs contribute partly
to the obesity epidemic, as reported by epidemiologic studies,
which emphasized the link between SSB consumption and long-
term weight gain, type 2 diabetes mellitus, and CVDs risk. It
is hypothesized that SSB contribute to weight gain due to their
high added sugar content, low satiety, and potential partial
compensation for total energy leading to increased energy intake
(90, 91). In addition, because of their large consumed quantities
besides their high contents of rapidly absorbable carbohydrates
such as different forms of sugar and high-fructose corn syrup,
SSB could be responsible for increased type 2 diabetes mellitus
and CVDs incidence. Independent of obesity, SSB could serve
as a contributor to a high dietary glycemic load leading to
inflammation, insulin resistance, and impaired ß-cell function
(92). Fructose from any sugar or high-fructose corn syrup may
also increase blood pressure, and enhance the cumulative effects
of visceral adiposity, dyslipidemia, and ectopic fat precipitation
due to upregulated hepatic de novo lipogenesis (93).

Salt/Sodium Intake
Salt consumption within the WHO-recommended level for
adults is <5 g per person per day (2 g per day of sodium).
Excessive salt consumption is linked to adverse health outcomes,
such as the increased risk of hypertension (raised blood pressure),
which in turn leads to stroke and heart disease (94). The current
salt intake in the Region averages more than 10 g per person
per day, which is double the recommended level set by WHO.
In 2010, within EMR countries the highest mean salt intake
has been recorded in Bahrain (14 g/day) followed by Libya,
Morocco, Qatar, Syria, and Tunisia (11 g/day) (11) (see Table 4).
Conversely, according to more recently collected data based on
urinary excretion, the highest level of salt intake was observed
in Morocco (10.6 g/day), while the lowest was observed in
Lebanon (5.6 g/day) and the UAE (6.8 g/day) (19). Based on
dietary assessment questionnaires, the highest levels of salt intake
were observed amongst Iranian children and adolescents (14.3–
16.2 g/day) and adults in Bahrain (9.3–13.3 g/day) and Lebanon
(10.9 g/day). Per capita estimates were also high in Oman (11.5
g/day) and Tunisia (10.2 g/day) (19). Sodium is an essential
nutrient necessary for the maintenance of plasma volume, acid-
base balance, the transmission of nerve impulses, and normal
cell function (95). In our diet, the main source of sodium is salt,
despite it can be attained from sodium glutamate, used as a food
additive in many processed foods (95). In 2019, a diet high in
sodium (more than 3 g) was responsible for 44.9 million DALYs
and 1.89 million deaths. It was the leading dietary risk factor
for causing DALYs (96). The highest mean sodium intake has
been recorded in Bahrain (5.8 g/day) followed by Tunisia (4.43
g/day), then Morocco (4.31 g/day), Libya (4.24 g/day), Qatar
(4.21 g/day), Syria (4.18 g/day), and Jordan (4.13 g/day) (11) (see
Table 4).
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FIGURE 3 | Overweight and obesity prevalence among adults in different regions (6).

The EMR population should be aware of how much salt
they consume as the disease burden of CVDs, resulting
mainly due to salt and subsequent high blood pressure, is
very high in the region (97). In a recent study, the salt
intake levels were estimated in 15 out of the 22 countries
in EMR, national salt reduction initiatives were identified in
13 countries including Bahrain, Egypt, Iran, Jordan, KSA,
Kuwait, Lebanon, Morocco, Oman, Palestine, Qatar, Tunisia,
and the UAE. The majority of countries were discovered to
be implementing complex reduction measures, which included
two or more implementation strategies. Taxation was the least
popular implementation option, whereas reformulation was the
most popular (100%), followed by consumer education (77%),
initiatives in specialized situations (54%), and front-of-pack
labeling (46%) (19).

Obesity
The prevalence of obesity (BMI ≥ 30 kg/m2) has almost tripled
worldwide since 1975. There were 650 million obese adults aged
18 years in 2016, with a global prevalence of nearly 13%. High
body-mass index (BMI) was responsible for 160 million DALYs
and 5.02 million deaths in 2019. It was the seventh-ruling risk
factor for attributable DALYs in 2019 (98). Being obese is usually
linked to an increased risk of hypertension and many NCDs
(including diabetes, CVDs, and cancers) (99). Shifts in eating
behavior toward diets containing energy-dense foods, high in
fat and sugars, and less physical activity due to the sedentary
nature of many forms of work and modes of transportation are
contributing to the rise in obesity. The prevalence of obesity in
the EMR is the third-highest across all global regions (4). The
current prevalence of obesity is estimated at 25.1%, while the
prevalence of overweight is around 56.41%. Among the EMR, the
gulf countries revealed the highest rate of obesity. The highest
prevalence of obesity in EMR has been reported in Kuwait
(37.9%), Jordan (35.5%), Saudi Arabia (35.4%), Qatar (35.1),
Libya (32.5%), Egypt (32%), Lebanon (32%), and UAE (31.7%).

According to the latest estimates, the prevalence of excess BMI in
adults in EMR has increased by 3% between 2012 and 2016 (6)
(Table 2; Figure 3).

The high prevalence of people who are overweight or have
obesity in Saudi Arabia is considered a public health concern, as
revealed in a cross-sectional study carried out on a representative
sample of 1,681 adult patients. Being overweight and having
obesity were found to be prevalent in 38.3% and 27.6% of the
population, respectively. Obesity was not shown to be connected
with smoking, although it was found to be associated with
hypertension. The risk of overweight or obesity was significantly
inversely correlated with the monthly income (100).

The most recent national survey conducted in Egypt revealed
that 39.8% of adult Egyptians suffered from obesity with a more
prevalent in adult females than males, nearly 25% have normal
BMI while the rest are either obese or overweight (101). A
study analyzing the health effects of being overweight and having
obesity conducted over 25 years in 195 countries, revealed that
19 million Egyptians suffer from obesity, representing 35% of all
adults, which is the highest rate in the world. Moreover, the study
outlined that 3.6 million children (10.2% of Egyptian children)
suffer from obesity (102).

Research published in 2020 indicated that almost three-
quarters of men and women in Jordan were overweight or
obese. Obesity rates in men were around twice as high in 2017
as they were in 2009. In the multivariate analysis, age, region
of residence, and marital status were significantly associated
with obesity in both genders. Obesity was significantly linked
with increased odds of diabetes mellitus, hypertension, elevated
triglycerides, and low high-density lipoprotein cholesterol after
adjusting for age (103).

Ultimately, obesity is the first reported risk factor responsible
for the total number of DALYs in 2019 in eight countries
in the region (Bahrain, Jordan, Kuwait, Libya, Oman, Qatar,
Saudi Arabia, and UAE). It is the second reported risk factor
in the other seven countries (Egypt, Iran, Iraq, Morocco,
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TABLE 5 | The rank of the nutrition related risk factors that causes deaths in 2019 and the percentage change between 2009–2019 (13).

High body mass index High blood pressure Malnutrition High fasting

plasma glucose

Dietary risks High LDL Low physical activity

Afghanistan 80.1 25.1 −23 39 23.4 31.1

Bahrain 86.9 55.7 −16.2 93.8 61.8 48.6 96.1

Djibouti 106.5 56.9 −31.5 63.2 52.7

Egypt 41.6 26.9 −46.8 72.1 31.7 28.7

Iran 45.3 24.2 −57.4 56 26.1 20

Iraq 40.5 35 −44.9 47.4 28.7 28 50.9

Jordan 96.3 87.8 11.2 85.9 84.7 86.9

Kuwait 66.3 37 7.5 63.4 47 42

Lebanon 38 25.1 −25.9 30.6 22.8 26.3 34

Libya 54.4 49.9 −34.5 64.8 61.5 57

Morocco 46.1 25.5 −53.2 53.9 29.4 27.6

Oman 41.1 14.3 21.4 43.1 18.3 14.5

Pakistan 53 38.4 17 41 28.6 31.1

Palestine 64.6 32.6 −47.6 57.3 40.1 39.3

Qatar 88 62.3 21.7 85.9 66.8 51.9

Saudi Arabia 56.3 29.4 −41.8 53.3 37 39.1 71.4

Somalia 36.1 −7.1 39.7 32.6

Sudan 51.1 21.1 −41.2 41.6 19.6 26.1

Syria 23.5 24.9 −57.5 44.8 23.7 20.2

Tunisia 41.2 25.8 −45.5 43.2 24.7 24.5

UAE 133.4 140.1 147 136.9 141.5

Yemen 64.2 43.4 −29.2 66.8 47.4 47.4

Color code

First Second Third Fourth

Fifth Sixth Seventh Eighth

Ninth Tenth Eleventh

Palestine, Syria, and Tunisia). The highest increase in obesity
percentage between 2009 and 2019 in EMR was reported in
UAE (133.4%) followed by Djibouti (106.5), then Jordan (96.3%),
Qatar (88%), Bahrain (86.9%), and Afghanistan (80.1%). The
dramatic increase in obesity involves low-income countries in
the region also including Djibouti and Afghanistan (13) (as
indicated inTable 5). The prevalence figures revealed that obesity
constitutes a significant public health concern in EMR because of
its significant correlation to NCDs (see Figures 4, 5).

Physical Inactivity
In 2016 a study revealed that globally, 28% of all adults aged
18 years and older were insufficiently physically active, and
not following the WHO recommendation to implement at least
150min of moderate-intensity physical activity per week (104).
According to the 2019 Global Burden of Disease Study, low
physical activity was ranked 18th in attributable DALYs in 2019,
accounting for 198.4 age-standardized DALYs per 100,000 and
11.1 age-standardized deaths per 100,000. The EMR has the
highest prevalence of insufficient physical activity than any other
region. There is a clear relationship between physical inactivity
and country income group globally (4). In 2016, high-income
countries had more than double the prevalence of physical
inactivity (37%) than low-income countries (16%), however, the

situation is reversed among EMR countries where the insufficient
physical activity was the highest in Kuwait followed by Saudi
Arabia and UAE while the lowest was recorded in Jordan (6).
According to data from the UAE national health survey 2017–
2018, 70.8% of the participants did not fulfill WHO standards
for adequate physical exercise. Insufficient physical activity was
reported by women at a higher rate than men (74.8 and 66.8%,
respectively). When compared to non-Emirates, Emiratis had
a higher percentage of insufficient physical activity (80.2 and
69.2%, respectively) (105).

Physical inactivity is also a modifiable factor that is involved in
upregulating the magnitude of NCDs. People who are deficiently
physically active have an enhanced risk of all-cause mortality,
as compared to those who perform at least 30min of moderate-
intensity physical activity on most days of the week. Additionally,
physical activity lowers the risk of stroke, hypertension, and
depression (106).

Other Risk Factors Mediated by Unhealthy
Diet and Obesity
Hypertension
Hypertension or raised blood pressure is defined as systolic
and/or diastolic blood pressure greater than, or equal to, 140/90
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FIGURE 4 | Correlation between the prevalence of obesity, diabetes, and cumulative cancer risk among adults in EMR (6, 26).

FIGURE 5 | Correlation between the prevalence of obesity, probability of death due to CVDs, cancers, and diabetes among adults in EMR (6).

mmHg. Hypertension is a major risk factor for heart failure,
ischemic heart disease, peripheral vascular disease, renal failure,
retinal hemorrhage, stroke, and dementia (107). In 2019, high
blood pressure was the second-leading contributor to 235 million
(95% UI 211–261) DALYs and 10.8 million (9.51–12.1) deaths
in 2019 (108). Several risk factors could be involved in the
upregulated blood pressure, including high salt intake, being
overweight or obese, excessive use of alcohol, low or lack of
physical activity, stress, air pollution, and smoking (95). Globally,
in 2015, one in four men, and one in five women (i.e., 22%
of the adult population aged 18 years and older) had raised
blood pressure. In 2015, 28% of the population in low-income

countries had high blood pressure, compared with 18% of the
population in high-income countries. Reviewing the current
trends demonstrated that the number of adults with high blood
pressure increased from 594 million in 1975 to 1.13 billion in
2015, with the peak revealed significantly in low- and middle-
income countries (109).

Among all the WHO-geographical regions, EMR was the
second-highest in the incidence of raised blood pressure after
Africa (4). In 2015, within the EMR, the prevalence of
raised blood pressure is the highest in Somalia (32.9%), then
Yemen (30.7%), Afghanistan, and Pakistan (30.6% and 30.5%),
respectively. In 2019, the highest prevalence of hypertension
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FIGURE 6 | High blood pressure prevalence among adults in different

regions (6).

among adults was recorded in Iraq (40.7%) followed by
Oman (38.6%), UAE (34.8%), Afghanistan (33.7%), Sudan
(33.5%), and Kuwait (33.5%), followed by Egypt (33.2%) (6)
(Table 2; Figure 6).

Raised blood pressure is the second risk factor responsible for
the total number of DALYs worldwide. Among EMR countries,
hypertension is the first reported risk factor responsible for
the total number of DALYs in six countries (Egypt, Iran, Iraq,
Morocco, Syria, and Tunisia) while it is the second reported risk
factor in other nine countries (Jordan, Lebanon, Libya, Oman,
Saudi Arabia, Sudan, UAE, and Yemen). The highest increase
in blood pressure percentage between 2009 and 2019 in EMR
was reported in UAE (140.1%) followed by Jordan (87.8%), Qatar
(62.3%), Djibouti (56.9%), then Bahrain (55.7%). The increase in
hypertension in the region has involved high-income countries
including UAE, Qatar, and Bahrain (13) (Table 5).

High Fasting Blood Glucose
Accordingly, all body tissues are affected by high blood glucose
including the heart, blood vessels, eyes, kidneys, and nerves, with
subsequent complications including heart attack, stroke, kidney
failure, lower limb amputation, blindness, and nerve damage
(110). Nearly 9% of the global population had raised blood
glucose levels in 2014 (111). In 2019, high fasting plasma glucose
(>4.8–5.4 mmol/L) was ranked as the sixth most prevalent
DALYs risk factor worldwide, accounting for 2,223.8 all-age
DALYs per 100,000 and 84.0 all-age deaths per 100,000 (112). The
EMR showed the highest levels (14% of the population), while 7–
9% of the population from other regions had high levels of blood
glucose. The upper-middle-income group tended to have higher
levels (9%) (4).Within the EMR countries, the highest percentage
of fasting blood glucose (≥7.0) mmol/L has been reported in
Kuwait (19.6%), Qatar (18.9%), Egypt (17.9%), Saudi Arabia, Iraq
(17.4%), and Jordan (16.8%) (6) (Table 2).

According to the 2019 Global Burden of Disease Study, raised
fasting plasma glucose is the first reported risk factor accounted
for the total number of DALYs in Palestine, while it is the second
reported risk factor in three countries in the region (Bahrain,
Kuwait, and Qatar) and it is the third risk factor in other
seven countries (Iran, Iraq, Libya, Morocco, Oman, Saudi Arabia,

and Tunisia). The highest increase in fasting plasma glucose
percentage between 2009 and 2019 in EMR was reported in UAE
(147%) followed by Bahrain (93.8%), Jordan and Qatar (85.9%),
and Egypt (72.1%) (13) (Table 5).

High Cholesterol
Blood cholesterol is one of the most important risk factors for
ischemic heart disease and ischemic stroke (113). The global
prevalence of elevated total cholesterol (≥5 mmol/l) among
adults aged ≥25 years was 38.9% (37.3% for men and 40.2% for
women). Among theWHO-designated regions, the prevalence of
hyper-cholesterolemia was the third highest in the EMR, at 38.4%
(40.4% for women and 36.2% for men) (6). In 2018, global age-
standardized mean total cholesterol was 4.6 mmol/l for women
and 4.5 mmol/l for men (114) while the mean total cholesterol
in the EMR is 4.4 mmol/l for both sexes, 4.4 mmol/l for men,
and 4.5 mmol/l for women (6). It is noteworthy that blood non-
HDL cholesterol is strongly associated with the long-term risk
of atherosclerotic cardiovascular diseases. In 2018, global age-
standardized mean non-HDL cholesterol was 3.3 mmol/l for
women and 3.3 mmol/l (3.3–3.4) for men (114) while the mean
non-HDL cholesterol in EMR in 2018, was 3.2 mmol/l for both
sexes. In 2018, the highest recorded mean total cholesterol was in
Lebanon 5 mmol/l followed by Kuwait and Jordan 4.8 mmol/l
followed by UAE 4.6 mmol/l then Egypt and Iraq 4.4 mmol/l.
Within EMR countries, the highest mean non-HDL cholesterol in
2018 was recorded in Lebanon at 3.7 mmol/l, followed by Kuwait
and Jordan 3.5 mmol/l, then Oman, UAE, and Yemen 3.4 mmol/l
(6) (Table 2).

According to the 2019 Global Burden of Disease Study,
high LDL-c was the eighth-directing risk factor for DALYs. It
contributed to 98.6 million DALYs and 4.40 million deaths in
2019 (115). High LDL-c is the fifth reported risk factor in three
countries in the region (Morocco, Oman, and UAE), while it is
the sixth reported risk factor in six countries in the region (Egypt,
Iran, Lebanon, Libya, Syria, and Tunisia). The highest increase
in fasting plasma glucose percentage between 2009 and 2019 in
EMR was reported in UAE (141.5%) followed by Jordan (86.9),
then Bahrain (48.6%), and Yemen (47.4%) (13) (Table 5).

Interdisciplinary Relationships Between
NCDs and Related Risk Factors
Both overweight and obesity-related to unhealthy dietary habits
as well as insufficient physical activity are the key risk factors
for NCDs (116). For instance, TFA consumption induces
low-grade systemic inflammation and is positively correlated
with endothelial dysfunction (a non-obstructive coronary artery
disease) (117–121). Being overweight and having obesity also
enhances low-grade systematic inflammation, creates a higher
concentration of pro-inflammatory cytokines, and further
endothelial dysfunction, all of which are metabolic risk factors
for nutrition-related NCDs, and in particular, heart disease (122,
123) (Figure 1).

Nevertheless, its association with other risk factors, including
diabetes, high body cholesterol, elevated blood pressure, and
metabolic syndrome, obesity could serve as an independent risk
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factor for CVDs (124). Since abdominal obesity is an independent
risk factor for coronary heart disease, the distribution of
body fat represents an additional risk. The intra-abdominal fat
buildup promotes insulin resistance, which can lead to glucose
intolerance, elevated triglycerides, and low HDL as well as
hypertension (125). Ultimately, obesity is the key risk factor for
type 2 diabetes, cardiovascular disease, cancer, and premature
death (126). Individuals who decreased 7% of their body weight
significantly reduced all cardiovascular risk variables except LDL
cholesterol levels, however, the rate of cardiovascular events did
not decrease during the trial (127).

In a statewide cross-sectional study done by phone interviews
in June 2020 in Saudi Arabia, obesity was found to be prevalent at
24.7%, and overweight at 21.7%. Type 2 diabetes, hypertension,
hypercholesterolemia, sleep apnea, lung diseases, rheumatoid
arthritis, colon diseases, and thyroid issues have all been
significantly linked to obesity (128). A further study conducted
in Qatar confirmed that obesity risk factors (c-peptide, insulin,
albumin, and uric acid) and obesity-related comorbidities such
as diabetes (e.g., HbA1c, glucose), liver function (e.g., alkaline
phosphatase, gamma-glutamyl transferase), lipid profile (e.g.,
triglyceride, LDL-c, HDL-c), as well as most of the dual-energy x-
ray absorptiometry measurements (e.g., bone area, bone mineral
composition, bone mineral density, etc.) were significantly (p <

0.05) higher in the obese group (129).
Substantially, elevated blood pressure has been linked to the

consumption of food high in salt and NCDs. An intervention
trial that included 9,000 adults with baseline systolic blood
pressure between 130 and 180 mmHg indicated that a lower
blood pressure target was accompanied by a significantly lower
incidence of myocardial infarction, acute coronary syndrome,
stroke, heart failure, or death (130). Diabetes also is a recognized
and significant risk factor for CVDs (131). CVDs is the leading
cause of morbidity and mortality among individuals with
diabetes. It is therefore recommended that individuals with
diabetes should have a target blood pressure of <130/80 mmHg
to prevent the incidence of CVDs (132).

DISCUSSING THE CULTURAL AND
SOCIODEMOGRAPHIC EFFECT ON THE
NCDS RELATED RISK FACTORS

Of the 22 countries and territories in the EMR, 16 are considered
low-income or middle-income countries. Several countries in
the EMR have lengthy histories of political instability, war, and
social conflict, which have resulted in the large-scale internal and
external displacement of citizens; half of the region’s countries
and territories are now under an acute or chronic state of
emergency. These socioeconomic determinants of health, as well
as accompanying inequities, have an impact on health status and
access to care throughout the EMR as well as access to healthy
food, which is unsurprising. Moreover, disease epidemiological
data on disease incidence, prevalence, and management are
scarce and lacking (133). Furthermore, NCDs mortality, and
its social, environmental, behavioral, nutritional, and clinical
determinants are not distributed evenly within countries (134).

The most deprived communities have a higher risk of premature
death than those in the most affluent. Therefore, reducing
national-level NCDs risk requires actions that address the
disproportionate burden in deprived communities (29).

The lowest risk of NCDs mortality is seen in high-income
countries in western Europe, Asia-Pacific, Australia, and Canada,
whereas, the highest risk was observed in low-income and
middle-income countries. The highest probabilities were seen in
parts of sub-Saharan Africa, and Guyana. In EMR, Yemen, and
Afghanistan (one in four to one in three people are at risk of
dying from NCDs), people are about 3–7 times more likely to die
than those in high-income countries. Similarly, the probability of
dying from NCDs between the age of 30 and 70 in EMR is 24.5%
(one in four adults will die before the age of 70) (29).

Literature on this subject usually shows a positive association
between socioeconomic status and obesity in low-income
countries. However, contrary to this, a multinomial regression
analysis study conducted in Cairo, Egypt reported no significant
associations between most SES spectrum and overweight/obesity
in the studied population. The study suggested that obesity
programs and policies should be targeted at all socioeconomic
status groups in Egypt (135). A study conducted in Jordan
revealed that the prevalence of overweight/obese women
was 70.6%. Furthermore, the association between age and
overweight/obesity was significant (p < 0.0001). The high
prevalence of overweight/obesity among women in Jordan was
related to high parity and low education level (136). Conversely,
in research conducted in Saudi Arabia, the prevalence of
overweight and obesity in men was 35.1% and 34.8%,
respectively, and in women, it was 30.1% and 35.6%. Obesity and
overweight increased in prevalence until 60 years of age, then
declined in both sexes in the oldest age group. After adjusting
for age, earning a postgraduate degree raised the risk of obesity
in men, but increased physical activity decreased it in both sexes.
Obese women had a higher risk of prediabetes and diabetes, obese
males had a higher risk of hypertension, and both sexes had a
higher risk of dyslipidemia. A familial history of dyslipidemia
was linked to a lower risk of obesity in women, whereas women
who were overweight were more liable to develop prediabetes,
diabetes, and dyslipidemia, while men who were overweight were
more liable to hypertension (137).

Analyzing the data from a population-based cross-sectional
survey of diabetes and obesity in Kuwait, revealed that the
prevalence of overweight, obesity, and central obesity were
40.6%, 42.1%, and 73.7%, respectively. Men were 26% more
likely than women to be overweight, while women had 54% and
seven-fold higher probabilities of obesity and central obesity,
respectively. Young adults aged 18–29 years have a significant
prevalence of obesity and overweight. Obesity/central obesity
was associated with higher educational attainment, physical
activity, and being non-Kuwaiti. Smoking history, high blood
pressure, higher income, and marital status are all linked to
an increased risk of obesity/central obesity (138). In another
cross-sectional study conducted among 3,915 Kuwaiti adults,
obesity prevalence was 40.3% (men, 36.5%; women, 44.0%); and
overweight prevalence was 37% (men, 42%; women, 32.1%).
Obesity prevalence was linked to female sex, age, diabetes history,
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and marital status in both men and women, but was inversely
linked to education level in women.Men weremore likely to have
an increased waist-to-hip ratio (46.91%) as compared to women
(37.9%). In both men and women, waist circumference, waist-
hip, and waist-height ratios were found to be directly associated
with diabetes and negatively associated with education level in
women (139).

In a study conducted in Libya that explored the key risk
and protective factors beyond the high prevalence rates of
overweight and obesity, 11 factors were identified to be
associated with obesity among men and women. These include
socio-demographic and biological factors, socioeconomic status,
unhealthy eating behaviors, knowledge about obesity, social-
cultural influences, healthcare facilities, physical activity, the
effect of the neighborhood environment, sedentary behavior,
food-subsidy policy, and suggestions for preventing and
controlling obesity (140). Another cross-sectional survey
revealed that the prevalence of obesity, overweight, and
normal weight among Libyan adults was 42.4%, 32.9%, and
24.7%, respectively. Women were more likely than men to be
overweight or obese (the prevalence of overweight was 33.2%
in women vs. 32.4% in men, and the prevalence of obesity was
47.4% in women versus 33.8% in men) (141).

SUSTAINABLE DEVELOPMENT GOALS
TARGET 3.4: PATHWAYS AND FORWARD
STEPS

The Sustainable Development Goals (SDGs) target 3.4 is to
reduce NCDs-related premature mortality by a third by 2030
compared to 2015 levels, as well as to enhance mental health and
wellbeing through prevention and treatment (142). It has been
reported that the progress in most international countries is too
slow to meet this goal (143).

Although SDG target 3.4 is the same, differences exist between
countries in terms of risk of dying from various NCDs (29,
144). Throughout this review, the percentages of different risk
factors associated with NCDs incidence have been elaborated.
This is important to highlight the pathways through which each
country can achieve SDG target 3.4 and to guide governments
and donors in prioritizing resources and interventions in their
national NCDs response.

Based on 2010–2016 trends, women in 17 of 176 (9.7%)
countries and men in 15 of 176 (8.5%) countries are expected
to achieve SDG target 3.4 by 2030. The high-income countries
that are on track include Denmark, Luxembourg, New Zealand,
Norway, Singapore, and South Korea as well as central and
eastern European countries. Furthermore, NCDs death rates
among men and women in EMR countries as Iran are falling
quickly enough to meet the 2030 target. Kuwaiti women and
Bahraini men are likewise on pace (29). In contrast, the risk
of dying from NCDs is expected to remain stable or increased
among women in 14 (8%) countries and men in 20 (11.4%)
countries according to 2010 and 2016 trends. Bangladesh
(men), Egypt (women) from EMR, Ghana (men and women),
Côte d’Ivoire (men and women), Kenya (men and women),
Mexico (men), Sri Lanka (women), Tanzania (men), and the

United States (women) were involved. This could be referred to
the changes in population size and age structure, even if the risk
of dying from NCDs reduces, the number of deaths from NCDs
may continue to rise (29).

According to a new World Health Organization report, if low
and lower-middle income nations invest less than a dollar per
person per year in the prevention and treatment of NCDs, close
to seven million deaths could be avoided by 2030 (145)1. These
include low-cost strategies for reducing tobacco and alcohol use,
improving diets, increasing physical activity, lowering the risk
of cardiovascular disease and diabetes, and preventing cervical
cancer (145) (see text footnote 1).

The regional framework for action on obesity prevention
2019–2023 (146), set a road map for countries of the region to
accelerate the action on NCDs and obesity prevention. It sets out
six key action areas for improving nutrition and food security
including, sustainable, resilient food systems for healthy diets;
aligned health systems providing universal coverage of essential
nutrition actions; social protection and nutrition education; trade
and investment for improved nutrition; safe and supportive
environm ents for nutrition at all ages; and strengthened
governance and accountability for nutrition (17, 146)2.

By investing in the Best Buy policies, countries will protect
people from NCDs. Best Buy actions include increasing health
taxes, restrictions on marketing and sales of unhealthy dietary
products, food labeling, and education. They also include
actions connected to managing metabolic risk factors, such as
hypertension and diabetes, to prevent more severe disease or
complications (145) (see text footnote 1). Table 6 reveals the key
policies and action plans available and implemented among EMR
countries (6, 17–20).

The interventions have already been used successfully in
many countries around the world. Among EMR countries that
are on track to meet SDG target 3.4 are Iran, Kuwait, and
Bahrain (29). These three countries have policies to reduce
salt/sodium consumption, tax on sugar sweetened beverages,
policy to eliminate industrially produced trans-fatty acids, policy
to limit saturated/ trans-fatty acids intake, policy to reduce the
impact of marketing of food to children, and policy on salt
iodization (6, 17–20) (see Table 6).

CONCLUSION

Among the top causes of morbidity and mortality related to
nutrition in EMR are cardiovascular heart diseases followed
by cancer and then diabetes. Globally, the disease burden
attributable to hypertension, alcohol consumption, high body
mass index, high fasting blood glucose, high sodium intake,
and unhealthy diet consumption is increasing significantly, while
the disease burden attributable to children being underweight,
suboptimal breastfeeding, and micronutrient deficiencies have
all decreased significantly. Among the EMR countries, UAE

1Available online at: https://www.who.int/news/item/13-12-2021-investing-
1-dollar-per-person-per-year-could-save-7-million-lives-in-low-and-lower-
middle-income-countries.
2Available online at: https://apps.who.int/iris/bitstream/handle/10665/346443/
EMRC68INFDOC8-eng.pdf.

Frontiers in Nutrition | www.frontiersin.org 16 March 2022 | Volume 9 | Article 81780861

https://www.who.int/news/item/13-12-2021-investing-1-dollar-per-person-per-year-could-save-7-million-lives-in-low-and-lower-middle-income-countries
https://www.who.int/news/item/13-12-2021-investing-1-dollar-per-person-per-year-could-save-7-million-lives-in-low-and-lower-middle-income-countries
https://www.who.int/news/item/13-12-2021-investing-1-dollar-per-person-per-year-could-save-7-million-lives-in-low-and-lower-middle-income-countries
https://apps.who.int/iris/bitstream/handle/10665/346443/EMRC68INFDOC8-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/346443/EMRC68INFDOC8-eng.pdf
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Al-Jawaldeh and Abbass Nutrition-Related Risk Factors of NCDs

TABLE 6 | The polices available and implemented in EMR countries.

Development of

national nutrition

strategy or action

plan

Plan of action

for obesity

prevention

Front-of-pack

nutrition labeling

Policy to reduce

salt/sodium

consumption

Policy to limit

trans-fatty

acids intake

Policy to reduce

the impact of

marketing of

food to children

Tax on sugar

sweetened

beverages

Food-

based

dietary

guidelines

Afghanistan ✓ (16) ✘ (16) ✘ (19) ✘ (6) ✘ (6) ✘ (6) ✘ (6, 17) ✓ (16)

Bahrain ✓ (16) ✓ (16) ✘ (18) ✓ (6, 16, 19) ✓ (6, 16, 20) ✓ (6, 16) ✓ (6, 17, 147) ✓ (16)

Djibouti ✓ (148) ✘ (16) ✘ (19) ✘ (6) ✘ (6) ✘ (6) ✘ (6, 17) ✘ (16)

Egypt ✓ (16, 149)* ✓ (16) ✘ (19) ✓ (6, 16, 19) ✓ (20) ✓ (16)* ✓ (149) ✘ (16)

Iran ✓ (16) ✓ (16) ✓ (16, 18, 19) ✓ (6, 16, 19) ✓ (6, 16, 20) ✓ (6, 16) ✓ (6, 17) ✓ (16)

Iraq ✓ (16) ✘ (16) ✘ (19) ✓ (6, 17) ✓ (20) ✘ (6) ✘ (6, 17) ✘ (16)

Jordan ✓ (16, 149)* ✓ (16) ✘ (19) ✓ (6, 16, 17, 19) ✓ (6, 16, 20) ✓ (16)* ✘ (6, 17) ✓ (16)

Kuwait ✓ (16) ✓ (16) ✘ (19) ✓ (6, 16, 19) ✓ (6, 16, 20) ✓ (16)* ✓ (147) ✘ (16)

Lebanon ✓ (16) ✓ (16) ✘ (19) ✘ (6) ✘ (6) ✓ (16)* ✘ (6, 17) ✓ (16)

Libya ✘ (16) ✓ (16) ✘ (19) ✘ (6) ✘ (6) ✘ (6) ✘ (6, 17) ✓ (149)

Morocco ✓ (16) ✓ (16) ✓ (16, 18, 19) ✓ (6) ✓ (6, 20) ✓ (6, 16)* ✓ (6, 17) ✓ (16)

Oman ✓ (16) ✓ (16) ✘ (19) ✓ (6, 16, 19) ✓ (6, 16, 20) ✓ (6, 16)* ✓ (6, 17, 147) ✓ (16)

Pakistan ✓ (16) ✘ (16) ✘ (19) ✘ (19) ✓ (20) ✓ (149) ✘ (6, 17) ✘ (16)

Palestine ✓ (149) ✓ (149)* ✘ (19) ✓ (17, 19) ✓ (20) ✘ (6) ✓ (149) ✓ (149)*

Qatar ✓ (16) ✓ (16) ✘ (19) ✓ (6, 19) ✓ (6, 16, 20) ✓ (16) ✓ (17, 147) ✓ (16)

Saudi Arabia ✓ (16) ✓ (16) ✓ (16, 18, 19) ✓ (6, 16, 19) ✓ (6, 16, 20) ✓ (16) ✓ (6, 17, 147) ✓ (16)

Somalia ✓ (16) ✘ (16) ✘ (19) ✘ (6) ✘ (6) ✘ (6) ✘ (6, 17) ✘ (16)

Sudan ✓ (16) ✓ (16) ✘ (19) ✘ (6) ✘ (6) ✘ (6) ✘ (6, 17) ✓ (16)

Syria ✓ (16) ✓ (16) ✘ (19) ✘ (6) ✘ (20) ✘ (6) ✘ (149) ✓ (16)

Tunisia ✓ (16) ✓ (16) ✓ (16, 18, 19) ✓ (6, 19) ✓ (6, 20) ✘ (6) ✓ (6, 17) ✘ (16)

UAE ✓ (16) ✘ (16) ✓ (16, 18, 19) ✓ (6, 19) ✓ (6, 20) ✓ (149)* ✓ (6, 17, 147) ✓ (16)

Yemen ✓ (16) ✓ (16) ✘ (19) ✘ (6) ✘ (2) ✘ (6) ✘ (6) ✘ (16)

followed by Jordan revealed a significant increase in the
percentage change of nearly all the risk factors that are involved
in NCDs causing morbidity and mortality (150).

The data and correlation figures included in this study
represent evidence that constitutes a significant public
health concern about the relationship between unhealthy
diet consumption and obesity that further induces other risk
factors including (hypertension, insulin resistance, and a
systemic inflammatory milieu), leading to NCDs (Figure 1).
It is therefore important to recognize the key therapeutic
modalities for treating and prohibiting NCDs, which are to fight
against weight gain and obesity and to advocate lifestyle-based
therapies; including proper nutrition and regular physical
activity. These are the key therapeutic modalities that will reduce
the risk of NCDs. Additionally, body mass index should be
used as a first step in establishing the criteria to judge potential
health risks.

Countries in the EMR need to continue building on the
achieved progress and scale up action across the region while
boosting efforts in areas where concrete action is absent through
the following key stakeholders to reach the agreed global and
regional goals relating to nutrition and diet-related NCDs.
This could be achieved through the following key stakeholders,
Governments can provide and improve access to quality NCDs
and obesity care, as well as develop and implement policies that
promote and normalize healthy eating and living, in addition
to banning the marketing of unhealthy foods and beverages

high in fat, sugar, and salt. Civil society groups, including
non-governmental organizations and the media, can work with
individuals and communities to educate and diffuse keymessages
on the root causes of NCDs and obesity, the importance of
prevention and treatment, as well as the impact of adopting
healthy behaviors like keeping physically active and choosing
healthy food and drinks. Health care professionals, whether
working directly in NCDs and obesity care or supporting and
working with those living with obesity, can learn more about
obesity, expand their knowledge, and have up-to-date, evidence-
based obesity management resources to help them understand
and address the root causes of this disease. Individuals and
families can adopt healthier behaviors, share experiences, as well
as ask for support, whilst also supporting others to improve
their health and well-being and that of their children (17) (see
text footnote 2).

Countries in EMR are encouraged to adopt and implement
the regional nutrition strategy for nutrition 2020–2030 (21), the
regional framework for action on obesity prevention 2019–2023
(151), and the regional framework for action to implement the
United Nations Political Declaration on the NCDs (152).
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During pregnancy, woman’s diet is one of the most preeminent factors affecting
mother and child’s health. Prior to the coronavirus disease-19 (COVID-19) pandemic,
inadequate maternal diet and low adherence to dietary guidelines was reported
among pregnant women in the Arab countries. Nowadays, COVID-19 infection during
pregnancy is widely discussed among literature. However, there is limited data on the
health impacts of the COVID-19 pandemic on non-infected pregnant women. This
substantially larger group also suffered significant lifestyle changes during the lockdown
period. The aim of the study is to characterize dietary patterns, intake and adherence
to the United States Department of Agriculture (USDA) pregnancy guidelines before and
during the COVID-19 pandemic in Arab pregnant women. Using a specially designed
questionnaire and using the snowball sampling method, the survey was carried out
among a convenient sample of 1,939 pregnant women from five Arab countries.
Our study found an increment in the consumption of cereals, fruits, vegetables, dairy
products, meats, and nuts that occurred during the pandemic compared to the
preceding period. Despite this noticeable increase during the pandemic, the Arab
pregnant women in this study had significantly lower adherence to the USDA pregnancy
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guidelines. The daily consumption of almost all food groups was lower than the
USDA’s daily recommendations, except for fruits intake, which was higher than the
daily standard. Demonstrated poor adherence to prenatal USDA dietary guidelines
by Arab pregnant women can lead to numerous deficiencies and health risks among
their offspring. In conclusion, our study showed that before and during the COVID-
19 pandemic, poor adherence to dietary recommendations occurred in a considerable
number of Arab pregnant women. The findings emphasize the need for nutritional
education and intervention during prenatal visits.
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INTRODUCTION

By March 21, 2020, the novel 2019 coronavirus disease (COVID-
19) had infected over 292,000 confirmed cases worldwide, with
18,000 confirmed cases in the Eastern Mediterranean countries
(1). Because of the new COVID-19’s extremely contagious
nature, numerous governments have taken exceptional measures
to prevent disease transmission, such as suspending public
transportation and restricting the whole social life (2). These
measures affected the lifestyles of many people, including
pregnant women, in a significant way. In the time of pandemics,
mother’s nutritional patterns become of high-priority for
the mother’s and child’s health (2). Healthy eating habits
and adherences to evidenced-based guidelines is one of the
requirements for a successful pregnancy (3). Poor adherence to
dietary standards and guidelines can lead to nutritional deficits
that affects the pregnancy’s progress and the child’s healthy
growth (2, 3). During crises, good dietary patterns, combined
with adequate intake, increases the likelihood of an optimal
pregnancy outcomes (2, 4). During pregnancy, the development
of maternal tissues, fetal growth, and breast milk production
increase nutritional requirements (4). Different national and
international organizations advocate dietary improvement, such
as adhering to the USDA pregnancy guidelines which show the
amount of food recommended for pregnant women including
fruits, vegetables, grains, dairy, and protein foods (5). Despite
evidence supporting the importance of maternal nutrition,
various studies reveal that few women follow adequate diets
(6). A study conducted in Jordan showed low adherence to
dietary guidelines among 99% of pregnant women during
the pre-COVID-19 time (6). This study was conducted to
provide a situational analysis with regards to maternal nutrition
and to assess the adherence to the USDA’s guidelines among
pregnant women in five Arab countries (Lebanon, Palestine,
Jordan, Saudi Arabia, and Bahrain). Due to unavailability of
common Eastern Mediterranean guidelines, USDA guidelines
were adopted in this study to determine cutoffs of serving size
consumption, which may not fully reflect the situation of Eastern
Mediterranean women. The selection of countries was based on
a collaborative work between researchers from these countries.
Despite the availability of nutrition awareness information, the
working hypothesis anticipated in this study that most pregnant
women ignore the appropriate advice and do not adhere to the
USDA dietary guidelines.

MATERIALS AND METHODS

Questionnaire
A cross-sectional study, using the snowball sampling method,
was conducted during the COVID-19 pandemic in five
Arab countries (Lebanon, Palestine, Jordan, Saudi Arabia and
Bahrain). A web-based questionnaire was disseminated through
social media websites (available at the link https://www.palnut.
org/frontend/web/index.php?r=survey/survey/index) to collect
data from pregnant women. The questionnaire used in our
survey was previously validated in two published data (6, 7). The
current survey investigated pregnant women’s sociodemographic
characteristics, maternal medical history, eating patterns, food
consumption, physical activity patterns, anthropometric data,
smoking, anxiety, and depression. The first section of the
questionnaire inquired about pregnancy and its progression.
It includes questions about the mother’s age, health status,
and diseases. Moreover, the socio-demographic characteristics
included education, residency, and economic situation. The
second section questioned about the daily serving sizes from each
food group (bread, pasta, cereal, vegetables, fruits, meat, poultry,
fish, nuts, sweets, fast food, fats, and oils) consumed during the
day and week prior to completing this survey. Participants were
also asked about their mental health (anxiety and depression) and
smoking habits, as well as any physical activities they engaged
in. In the current study, we did not cover the pre-pregnancy
period, but rather the period preceding the COVID-19 pandemic
and the pandemic period only. The questionnaire had various
questions, some with only one option for each topic and others
with open-ended answers.

Variables and Measurements
Body Mass Index
The pregnant women’s pre-pregnancy body mass index (BMI)
was calculated according to the World Health Organization
(WHO)’s instructions (8).

Depression
Depression was assessed using the validated Patient Health
Questionnaire (PHQ-9). It was selected according to its
effectiveness in identifying depression (9). This questionnaire
encompasses nine depression-related issues. Depression
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levels were classified as: no depression = 0–4, mild = 5–9,
moderate = 10–14, moderately severe = 15–19, and severe = >20.

Anxiety
The clinically validated tool entitled “seven-item Generalized
Anxiety Disorder-7 (GAD-7)” was used to assess anxiety
symptoms (10). Respondents rank items on a four-point scale
ranging from 0 (never) to 3 (nearly every day). Anxiety severity
was defined by total scores of 0–4 for no anxiety, 5–9 for mild,
10–14 for moderate, and 15 or higher for severe anxiety (10).

Physical Activity
Pregnant woman was considered active if she claimed that she
engaged in any degree of physical activity (low, moderate, or
high) for at least half an hour per day (11).

Dietary Guideline for Pregnant Women
Recommended amounts of food were classified based on the
USDA’s guideline for pregnant women (12). The food group’s
consumption was dichotomized based on USDA guidelines’
cutoff points (5). Each food group was assigned a score 0
or 1, with 0 indicating lower intake than the USDA’s daily
recommendations and 1 indicating higher intake.

For the food group bread, rice, and other cereals, less than six
servings indicate a lower intake, and greater than or equal to six
servings indicate a higher intake. A lower intake of fruit is equal
to less than two servings, while a higher intake is greater than or
equal to two servings. Less than 2.5 servings of vegetables suggest
a lower intake, while 2.5 servings or more indicate a higher intake.
Less than 5.5 servings in the protein food group indicates a lower
intake, while greater than or equal to 5.5 servings indicates a
higher intake. As for the dairy food group, a lower intake is equal
to three servings, while a higher intake is greater than or equal
to three servings.

Additionally, the adherence score to the USDA guidelines
was derived by adding the adherence to recommendations
for each food group. This variable was then dichotomized
into two categories: low adherence score (0–2) and high
adherence score (3–5).

Inclusion/Exclusion Criteria
The following criteria conditioned the data collection: (i)
pregnancy since the pre-COVID-19 pandemic period; (ii)
pregnancy of normal course; (iii) the woman’s age > 18; (iv)
place of residence—the listed five countries; (v) replying to all
questions; (vi) consenting participating in the study. Moreover,
the exclusion criteria were conception during the intra-COVID-
19 pandemic period and some risk factors such as miscarriage.

Ethical Consideration
The study design obtained written approval of the Ethics
Committee in Scientific Research of Lebanese University
(CUER#30-2020), as well as universities from all participating
countries. Before completing the questionnaire, each participant
was informed of the study’s goal and ensured the confidentiality
of their information. The completion of the questionnaire was
voluntary and anonymous. Consenting to participate in the study
was considered as a necessary component.

Statistics and Data Analysis
Continuous variables were expressed as means and standard
deviations (SDs), while categorical variables were shown as
frequencies and percentages. Chi-square test was used to compare
variables among the five countries, while ANOVA test was
applied for continuous variables. The Paired sample t-test was
used to compare continuous variables before and during the
pandemic, while the McNemar test (a marginal homogeneity
test for paired data) was used to compare categorical variables.
The statistical significance level was set at p-value < 0.05,
and the statistical analysis was carried out using IBM Corp.
Released 2017. IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp.

RESULTS

A total number of 1,939 women participated in the current
survey. Table 1 shows the sociodemographic characteristics
of the study participants. The respondents’ mean (±SD) age
was 28.5 (±5.4) years. Highest age was reported among Saudi
pregnant women [29.6 (±5.7)] while the youngest pregnant
women were from Palestine [27.7 (±5.5)]. Similarly, the vast
majority (77%) were young adults, with Saudi Arabia having
the highest proportion (83%). Palestine, on the other hand,
had the highest number of youth (32%) (p-value < 0.001).
Around two-thirds (62%) of the participants had received a
bachelor’s or graduate’s degree, with Saudi Arabia having the
highest percentage (81%) and Jordan having the lowest (53%).
Lebanon, however, was among the best in terms of graduate
degrees (28%). Only 38% of women worked, with Bahrein having
the highest rate (49%) and Saudi Arabia having the lowest
(31%) (p-value < 0.001). Furthermore, Saudi Arabia had the
greatest proportion of unemployed pregnant women (69%). Most
pregnant women (64%) reported a drop in household income,
with Jordan having the greatest rate (84%) and Bahrain having the
lowest (36%). Participants from Lebanon also reported the largest
income loss, with a 9% decrease.

The health characteristics of the respondents are summarized
in Table 2. The mean value of the pre-pregnancy BMI for
respondents was 25.1 (±8) kg/m2, with more than half having
normal BMI (55%), 28.4% being overweight, 12% being obese
(class I, II, and III), and the remaining (5%) being underweight.
Bahrain had the highest pre-pregnancy BMI 27.5 (±12.1) and
Palestine had the lowest 24.5 (±7.2). Furthermore, Bahrein had
the highest proportions of overweight and obese (52%) and
Palestine the lowest (34%) (p-value < 0.001). COVID-19 was
diagnosed in only a small percentage of the respondents (7%).
Saudi Arabia had the greatest percentage of infection (14%)
while Palestine had the lowest (3%) (p-value < 0.001). Around
40% of pregnant women said they had health complications,
with Jordan placing first (72%) and Bahrein last (43%). Most
people stated they did not have diabetes (97%) or gestational
diabetes (95%) or hypertension (98%) or thyroid disorders (96%).
Nearly a third of the individuals (31%) suffered from moderate
to severe depression, with Jordan topping the list (53%) and
Bahrein trailing behind (33%) (p-value 0.001). Furthermore,
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TABLE 1 | Socio-economic characteristics of the study participants, by country.

Variable Jordan
n = 531
n (%)

Palestine
n = 609
n (%)

Lebanon
n = 363
n (%)

Saudi Arabia
n = 256
n (%)

Bahrain
n = 180
n (%)

P-value

Age (Year: mean ± SD) 28.8 ± 5.5 27.7 ± 5.5 28.3 ± 4.8 29.6 ± 5.7 29.2 ± 4.9 <0.001

Youth (18–24) 128 (24.1) 192 (31.6) 91 (25.1) 43 (16.8) 33 (18.3)

Young adults (>25) 403 (75.9) 416 (68.3) 272 (74.9) 213 (83.2) 147 (81.7)

Education level <0.001

Less than high school 33 (6.2) 49 (8.0) 11 (3.0) 2 (0.8) 16 (8.9)

High school diploma 107 (20.2) 125 (20.5) 28 (7.7) 20 (7.8) 36 (20.0)

Diploma 109 (20.5) 71 (11.7) 82 (22.6) 25 (9.8) 19 (10.6)

Bachelor’s degree 250 (47.1) 319 (52.4) 142 (39.1) 175 (68.4) 95 (52.8)

Graduate degree 32 (6.0) 45 (7.4) 100 (27.5) 34 (13.3) 14 (7.8)

Employment status <0.001

Employed 204 (38.4) 194 (31.9) 169 (46.6) 79 (30.9) 89 (49.4)

Unemployed 327 (61.6) 414 (68.0) 194 (53.4) 177 (69.1) 91 (50.6)

Family income <0.001

Decreased 446 (84.0) 434 (71.3) 181 (49.9) 111 (43.4) 64 (35.6)

Increased 8 (1.5) 26 (4.3) 33 (9.1) 12 (4.7) 15 (8.3)

No change 77 (14.5) 149 (24.5) 149 (41.0) 133 (52.0) 101 (56.1)

roughly 16% were anxious, with Palestine having the highest rate
(19%) and Bahrein having the lowest (7%). Around two-thirds
of the participants (64%) were physically active, with Jordan
having the most (77%) and Saudi Arabia having the least (64%)
active persons (46%) (p-value < 0.001). Last but not least, more
than a quarter of pregnant women (27%) smoked during their
pregnancy, with Jordan having the highest percentage (67%) and
Bahrein having the lowest (8%) (p-value < 0.001).

Daily Intake of the Main Food Groups
Table 3 shows the dietary intake among pregnant women from
the five countries before and during the pandemic.

The consumption of cereals, fruits, vegetables, dairy products
and protein group increased significantly during the pandemic
compared to the period before (p-value < 0.001; Table 3).
Additionally, before and during the pandemic, women’s daily
consumption of almost all food groups was lower than the USDA’s
daily recommendations, with the exception of fruit consumption,
which was higher than the daily standard.

Bread, Rice and Other Cereals Group
Prior to the pandemic, in the five countries, more than half
of women consumed less than six servings of breads, rice
and other cereals. However, it was shown that the number of
servings consumed per day of breads, rice and other cereals
increased significantly during the pandemic (p-value < 0.001).
For instance, around 64% of women in Jordan, 44.2% in Palestine,
30.66% in Lebanon, 22.8% in Saudi Arabia and 45.3% in Bahrain
consumed more than six servings of this food group per day
during the pandemic (p-value < 0.001). The lowest number of
servings consumed was observed in Saudi Arabia (3.1 ± 2.3
versus 3.9 ± 3.2) and the highest was in Jordan (6.5 ± 6.7 versus
8.2 ± 8.4) (p-value < 0.001).

Fruits Group
Before the pandemic, more than 60% of pregnant women living
in Jordan (63.6%) and Palestine (64.8%) and more than half
of women living in Lebanon (56.4%) and Bahrain (56.1%)
were adhering to the USDA’s recommendations related to fruits
intake (≥2 servings per day). This was not the case of Saudi
pregnant women who consumed less than two servings per
day of fruits before the pandemic. Nevertheless, an increase in
the consumption of fruits was remarkable during the pandemic
(p < 0.001). Before and during the pandemic, the lowest
number of fruits servings was observed among Saudi women
(1.4 ± 1 versus 1.8 ± 1.2). On the other hand, Jordanian women
ranked first in consuming fruits before and during the pandemic
(2.8 ± 2.9 versus 3 ± 2.4) (p-value < 0.001).

Vegetables Group
Prior to the pandemic, most of pregnant women in the five
countries showed poor adherence to USDA’s recommendations
with regards to vegetable intake (≥2.5 servings per day).
Nevertheless, the percentage of women showing acceptable
adherence to USDA recommendations increased during the
pandemic in all countries except in Lebanon (decrease of
3%) (p-value < 0.001). The lowest percentage of vegetable
consumption was observed among Saudi women of which
86.8 and 82.7% consumed less than 2.5 servings per day,
before and during the pandemic, respectively (p-value < 0.001).
Otherwise, in both study periods, the highest percentage of
pregnant women who consume vegetables was observed in
Jordan (Table 3).

Milk and Dairy Products Group
Before the COVID-19 pandemic, around three quarter of
pregnant women in all countries showed poor consumption
of milk and dairy products (<3 servings per day). The lowest
consumption was seen among Lebanese pregnant women of
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TABLE 2 | Health characteristics of the study participants, by country.

Variable Jordan Palestine Lebanon Saudi Arabia Bahrain P-value

n = 531 n = 609 n = 363 n = 256 n = 180

n (%) n (%) n (%) n (%) n (%)

Pre-pregnancy BMI (mean ± SD) kg/m2 25.2 ± 6.0 24.5 ± 7.2 24.7 ± 9.7 24.9 ± 5.8 27.5 ± 12.1 <0.001

Pre-pregnancy BMI categories <0.001

Normal 272 (54.1) 313 (60.2) 173 (58.6) 104 (49.5) 72 (44.7)

Underweight 14 (2.8) 30 (5.8) 17 (5.7) 16 (7.6) 6 (3.7)

Overweight 176 (34.9) 127 (24.4) 69 (23.4) 62 (29.5) 45 (27.9)

Obese class I 32 (6.4) 39 (7.5) 28 (9.5) 18 (8.6) 24 (14.9)

Obese class II 6 (1.2) 7 (1.4) 5 (1.7) 9 (4.3) 7 (4.4)

Obese class III 3 (0.6) 4 (0.8) 3 (1.0) 1 (0.5) 7 (4.4)

Diagnosed with COVID-19 <0.001

No 479 (90.2) 591 (97.1) 350 (96.4) 220 (85.9) 159 (88.3)

Yes 52 (9.8) 18 (2.9) 13 (3.6) 36 (14.1) 21 (11.7)

Health problems <0.001

No 148 (27.87) 205 (33.66) 148 (40.8) 111 (43.4) 103 (57.2)

Yes 383 (72.13) 404 (66.3) 215 (59.2) 145 (56.6) 77 (42.8)

Diabetes 0.005

No 509 (95.9) 598 (98.2) 358 (98.6) 248 (96.9) 169 (93.9)

Yes 22 (4.1) 11 (1.8) 5 (1.4) 8 (3.1) 11 (6.1)

Gestational diabetes <0.001

No 504 (94.9) 590 (96.9) 353 (97.3) 247 (96.5) 138 (76.7)

Yes 27 (5.1) 19 (3.1) 10 (2.7) 9 (3.5) 42 (23.3)

Hypertension 0.003

No 511 (96.2) 598 (98.2) 362 (99.7) 253 (98.8) 178 (98.9)

Yes 20 (3.8) 11 (1.8) 1 (0.3) 3 (1.2) 2 (1.1) 0.908

Thyroid disorders

No 512 (96.4) 581 (95.4) 347 (95.6) 244 (95.3) 172 (95.6)

Yes 19 (3.6) 28 (4.6) 16 (4.4) 12 (4.7) 8 (4.4)

Depression status <0.001

No depression 27 (9.2) 31 (12.6) 19 (13.6) 14 (16.5) 26 (26.3)

Mild 110 (37.5) 102 (41.3) 72 (51.4) 34 (40.0) 40 (40.4)

Moderate 91 (31.1) 63 (25.5) 25 (17.9) 24 (28.2) 20 (20.2)

Moderately severe 46 (15.7) 35 (14.2) 17 (12.1) 11 (12.9) 11 (11.1)

Severe 19 (6.5) 16 (6.5) 7 (5.0) 2 (2.4) 2 (2.0)

Anxiety status 0.004

No anxiety 172 (42.9) 77 (31.3) 63 (44.4) 32 (37.6) 50 (50.0)

Mild 156 (38.9) 122 (49.6) 63 (44.4) 45 (52.9) 43 (43.0)

Moderate 64 (16.0) 38 (15.4) 14 (9.9) 7 (8.2) 7 (7.0)

Severe anxiety 9 (2.2) 9 (3.7) 2 (1.4) 1 (1.2) 0 (0)

Physical activity <0.001

Inactive 439 (36.0) 108 (23.3) 144 (38.3) 74 (45.1) 60 (54.5) 53 (50.5)

Active 780 (64.0) 356 (76.7) 232 (61.7) 90 (54.9) 50 (45.5) 52 (49.5)

Smoking status during pregnancy <0.001

No 493 (72.6) 31 (33.3) 166 (73.1) 116 (71.6) 107 (90.7) 73 (92.4)

Yes 186 (27.4) 62 (66.7) 61 (26.9) 46 (28.4) 11 (9.3) 6 (7.6)

which only 9% adhered to the USDA recommendations. During
the pandemic, the number of milk and dairy product’s servings
increased significantly in all countries, except in Lebanon (p-
value < 0.001).

White, Red Meats, and Nuts Group
Prior to the pandemic, around half the pregnant women in
Jordan, 80% in Palestine, 80% in Lebanon, 93% in Saudi Arabia,
and 79% in Bahrein consumed less than 5.5 servings of white
or red meats or nuts. The percentage of adherence to the

USDA recommendations for meats and nuts group increased
significantly during the pandemic except in Palestine and
Lebanon (p-value < 0.001).

Adherence to the United States
Department of Agriculture
Recommendations Among Countries
According to Table 3, 83.8% of women in Jordan, 83.9% in
Palestine, 86.5% of women in Lebanon, 91.5% in Saudi Arabia,
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TABLE 3 | Number of servings consumed per day and adherence to United States Department of Agriculture (USDA) recommendations of the major food groups
consumed by pregnant women before and during the coronavirus disease-19 (COVID-19) pandemic, by country.

Number of servings (mean ± SD) and percentage of adherence
to USDA before the COVID-19 pandemic

Number of servings (mean ± SD) and percentage of adherence to
USDA during the COVID-19 pandemic

Food groups Jordan Palestine Lebanon Saudi Arabia Bahrain p-value Jordan Palestine Lebanon Saudi Arabia Bahrain p-value p-value#

Bread, rice and
other cereals
(N = 593)

6.9 ± 6.7 5.1 ± 4.7 5.0 ± 6.5 3.1 ± 2.3 5.3 ± 4.0 <0.001 8.2 ± 8.4 5.8 ± 5.2 5.3 ± 7.5 3.9 ± 3.2 5.4 ± 4.4 <0.001 <0.001

Bread, rice and
other cereals

<0.001 <0.001 <0.001

<6 servings 68 (50.4) 180 (67.7) 59 (70.2) 48 (85.7) 37 (56.1) 49 (36.3) 145 (55.8) 59 (69.4) 44 (77.2) 35 (54.7)

≥6 servings 67 (49.6) 86 (32.3) 25 (29.8) 8 (14.3) 29 (43.9) 86 (63.7) 115 (44.2) 26 (30.6) 13 (22.8) 29 (45.3)

Fruits (N = 543) 2.8 ± 2.9 2.4 ± 1.9 2.2 ± 1.6 1.4 ± 1.0 2.0 ± 1.3 0.002 3.0 ± 2.4 2.5 ± 2.0 2.3 ± 2.0 1.8 ± 1.2 2.3 ± 1.5 0.001 <0.001

Fruits 0.001 0.001 <0.001

<2 servings 59 (36.4) 74 (35.2) 34 (43.6) 32 (66.7) 25 (43.9) 37 (23.4) 62 (29.2) 29 (37.2) 27 (55.1) 20 (35.1)

≥2 servings 103 (63.6) 136 (64.8) 44 (56.4) 16 (33.3) 32 (56.1) 121 (76.6) 150 (70.8) 49 (62.8) 22 (44.9) 37 (64.9)

Vegetables
(N = 566)

2.6 ± 2.4 2.4 ± 2.5 2.2 ± 1.7 1.6 ± 1.2 1.8 ± 1.4 0.014 3.1 ± 2.9 2.6 ± 2.6 2.3 ± 2.1 1.8 ± 1.3 2.3 ± 2.0 0.008 <0.001

Vegetables 0.005 <0.001 <0.001

<2.5 servings 96 (63.2) 178 (73.6) 54 (72.0) 46 (86.8) 45 (81.8) 75 (50.3) 173 (71.2) 56 (74.7) 43 (82.7) 38 (69.1)

≥2.5 servings 56 (36.8) 64 (26.4) 21 (28.0) 7 (13.2) 10 (18.2) 74 (49.7) 70 (28.8) 19 (25.3) 9 (17.3) 17 (30.9)

Milk and milk
products
(N = 559)

2.4 ± 2.4 1.8 ± 1.8 1.6 ± 1.4 1.7 ± 1.6 2.0 ± 1.9 0.015 2.9 ± 2.6 2.1 ± 2.2 1.5 ± 1.3 1.9 ± 1.8 2.1 ± 1.9 <0.001 <0.001

Milk and milk
products

0.002 <0.001 <0.001

<3 servings 127 (71.3) 182 (83.5) 65 (90.3) 41 (87.2) 44 (75.9) 98 (56.6) 173 (77.6) 68 (90.7) 37 (78.7) 43 (74.1)

≥3 servings 51 (28.7) 36 (16.5) 7 (9.7) 6 (12.8) 14 (24.1) 75 (43.3) 50 (22.4) 7 (9.3) 10 (21.3) 15 (25.9)

White and red
meats and nuts
(N = 565)

5.26 ± 3.7 4.5 ± 5.6 4.2 ± 4.6 3.3 ± 4.1 3.8 ± 2.2 0.011 5.8 ± 3.6 4.9 ± 6.2 3.7 ± 3.2 3.4 ± 2.5 4.6 ± 5.6 0.001 0.001

White and red
meats and nuts

<0.001 <0.001 <0.001

<5.5 servings 166 (57.6) 124 (80.0) 55 (79.7) 40 (93.0) 40 (78.4) 133 (48.8) 116 (79.5) 55 (83.3) 35 (83.3) 38 (71.7)

≥5.5 servings 121 (42.2) 31 (20.0) 14 (20.3) 3 (7.0) 11 (21.6) 142 (51.6) 30 (20.5) 11 (16.7) 7 (16.7) 15 (28.3)

Adherence to
food groups
(score)

0.559 0.082 <0.001

No/Low (0–2) 274 (83.8) 240 (83.9) 83 (86.5) 54 (91.5) 55 (82.1) 263 (80.9) 231 (81.9) 86 (89.6) 52 (88.1) 49 (74.2)

Moderate/High
(3–5)

53 (16.2) 46 (16.1) 13 (13.5) 5 (8.5) 12 (17.9) 62 (19.1) 51 (18.1) 10 (10.4) 7 (11.9) 17 (25.8)

p < 0.001.
#Comparison between pre-COVID-19 and intra-COVID-19 periods.

and 82.1% in Bahrein showed poor adherence to the
USDA’s recommendations before the COVID-19 pandemic.
Nevertheless, the percentage of adherence increased significantly
during the pandemic (p-value = 0.001). It increased of
3% in Jordan, 2% in Palestine, 3.4% in Saudi Arabia and
8% in Bahrein. However, it decreased of 3.1% in Lebanon
(p-value < 0.001).

DISCUSSION

This study describes the food consumption and adherence to
the USDA’s guidelines among pregnant women in five Arab
countries. The food consumption in the pre-COVID-19 period
as well as during the pandemic was unfavorable regarding almost
all food groups. Notably, indecorous dietary patterns and poor
adherence to the USDA recommendations (in more than 80%
of pregnant women) was obvious. This finding came hand in
hand with data reported by Tayyem et al. (6) where only 1.1%

of pregnant women adhered to dietary guidelines in the pre-
COVID-19 time (6).

Comparison With International Studies
Otherwise, our findings concerning the increase in the
consumption of all food groups were concordant with the
findings of a longitudinal Chinese study which found that the
consumption of vegetables, fruits, dairy products, and cereals
was significantly higher among pregnant women during the
pandemic (13). Furthermore, Hillier et al. revealed a substantial
increase in the consumption of fruit and vegetable along with a
decrease in egg, fried fast foods, coffee and tea consumption from
pre-pregnancy period to during pregnancy in the pre-COVID-19
time (14).

Starchy carbohydrates and fiber containing whole grain
cereals and vegetables are the fundamental of a healthy diet.
According to the USDA guidelines, the intake of 18–24 g of
fiber during the second and third trimester allow for good body’s
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functioning (5). Due to its richness in minerals, vitamins and
dietary fibers, pregnant women are recommended to include
wholegrain cereal products in their daily diet. Although the
primary source of energy and nutrients should be derived from
this food group and should be part of each main meal, 65% of the
women in this study consume less than six portions per day from
this food group.

A large number of antioxidants (vitamin A, C, and E,
carotenoids and flavonoids) are derived from the inclusion
of vegetables and fruits in pregnant women’s diets. They
provide also folates, potassium and fiber. According to the
USDA’s recommendations, an amount of 300 and 350 g
per day in the first semester, and in the second and third
trimester—300 g and 450 per day of fruits and vegetables,
respectively, should be included in pregnant women’s diet
(5). Similarly, according to WHO, the intake of vegetables
and fruit in the diet of pregnant women should be of high-
priority (15). In this study, women mostly consumed fruits
in a way higher than the daily standard. In comparison with
data from pre-COVID-19-time, our findings came hand
by hand with the results obtained in the study conducted
by Dere’n et al. (16), where the majority of the women
consumed fruit between meals, and one third outstretched
for sweets during pregnancy (16). Another study conducted
by Kobiołka et al. (17) showed that, between meals, fruit
was the most preferred snack consumed by pregnant
women (17).

According to many international dietary standards, protein
intake should be increased throughout pregnancy, particularly
in the second and third trimesters. Referring to the USDA
guidelines, 165–195 g (second and third trimester) of protein
sources allow for a proper functioning of the body (5). Protein
is required for the tissue and placenta of both the mother and
the fetus (18). Primary sources of protein could be derived from
animal sources (red, lean meat and its products, skimmed milk
and its products, fish and poultry). Thus, the daily intake should
increase of 1, 8, and 26 g in the first trimester, the second
trimester, and in the third trimester of pregnancy (19). Our
findings revealed that a significant proportion of respondents
consumed poorly this food group (70% in pre-COVID-19 period
compared to 65% in the intra-COVID-19 period). Our results
are tied well with the literature where Abd-Elmohdy Emara
(20) investigated that 37, 31, and 27% of pregnant women
consumed white meat 3–4 times per week, 2–3 times per week,
and at least once per day, respectively. Furthermore, according
to the same study, 43, 12, and 33% of women ate red meat
3–4 times per week, 2–3 times per week, and occasionally,
respectively (20).

Moreover, during pregnancy, the body’s demand for iron
rises, and red meats are a rich source of iron (21). Because of
their increased vitamin B12 and iron content, pregnant women
should have white and red meats in their weekly diet. Our
findings indicated that a significant proportion of respondents
consumed poorly this food group (70% in pre-COVID-19 period
compared to 65% in the intra-COVID-19 period), which may
result in anemia in the short term and low birth weight
in the long term (22). Our results backs up findings from

a systematic analysis by Caut et al. (23), which found that
in 91 and 55% of included studies, pregnant women were
not adhering to iron and calcium dietary recommendations,
respectively (23).

Dairy products, rich in protein, riboflavin and calcium, are
essential for pregnant women, alongside bread, vegetables,
fruits, and meat (24). According to WHO, a dietary intake of
1,200 mg/day of calcium for pregnant women is recommended
(15). To meet this need, a pregnant woman should drink
daily three cups of skimmed milk (5). Fermented milk
drinks, rich in nutritious protein, vitamin B2, and calcium
are widely recommended in the diets of pregnant women
because they provided probiotic bacteria (3). According to
our findings, pregnant women’s diets have a low percentage
of milk and dairy products. In our study, 80% of the
subjects were drinking milk and fermented milk drinks
less than three servings per day. The research of Kobus-
Cisowska et al. (25) and Suliga (26) yielded similar results
(25, 26). Likewise, 43% of pregnant women in the study
by Dere’n et al. (16), consumed dairy products once a
day, and 48% more often (16). Regular physical activity
during pregnancy, known to be beneficial to both physical
and mental health, in addition to a balanced diet, has
an impact on the mother’s and child’s short and long-
term health (27–29). Nevertheless, most pregnant women
in our study (64%) show usually high levels of physical
activity. According to WHO, at least 150 min of moderate
intensity physical activity per week is recommended for
adults (30). Unless there are medical restrictions, regular
and moderate exercise is recommended for pregnant women
(27–29). Due to the need to adapt the physiological and
psychological changes during pregnancy, pregnant women
may struggle with the sedentary behavior and become
physically inactive (3). Finally, despite the well-known
health benefits related to practicing regular physical activity
during pregnancy, over 40% of women do not adhere to the
recommendations.

Comparison With Arab Countries’ Data
To our knowledge, no data was published among Arab
countries that investigate the consumption patterns of
pregnant women amid the COVID-19 pandemic. Thus,
our findings were compared to many data published in
which the food consumption was reported for the whole
population. In Lebanon, the findings of a national study
aligned our findings in which a significant increase in the
number of meals consumed per day during the pandemic
compared to before the pandemic (all p < 0.001) was
observed (31). However, there was a significant decrease
in physical activity engagement during the lockdown
compared to before the pandemic (all p < 0.001) (31).
Another study in Lebanon showed that home isolation due
to COVID-19 induced an increase in the consumption of
legumes and pulses (3.2%, p-value = 0.001) and whole wheat
groups (2.8%, p-value = 0.03). In contrast, a decrease of
5.4, 6.9, 5.8, 5.1, 3.1, 3.4, and 2.8% was observed in the
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consumption of fruits (p-value = 0), vegetables (p-value = 0),
processed meats, poultry, and fish (p-value = 0) and other
dairy products (p-value = 0), respectively. In Lebanon, since
the ordeals of COVID-19, economic crisis, and the Beirut port
explosions, food insecurity became an immediate problem for
households in Lebanon. Between November 2020 and March
2021, 9 in every 16 households ate less than two meals per
day and more than 70% of them skipped their meals to spare
food. This explains the difference in term of food consumption
among Lebanese pregnant women compared to other countries
(32). At the Arab countries level, a recent study conducted in
10 countries including Jordan, Palestine, Lebanon, Saudi Arabia
and Bahrain showed that, before and during the pandemic,
most food groups were consumed less or equal to four times
per week which indicated a poor dietary diversity among the
countries’ population (33). This finding along with our findings
describe the nutritional situation and food consumption patterns
among pregnant women on one side and the whole population
on the other side.

Limitations
This study has some limitations. First, this study was
conducted online through convenience sampling that could
probably lead to skewed sample characteristics in some
countries. Second, respondents were asked to recall the food
categories’ consumption patterns prior to lockdown, which
could have caused recall bias. Third, although this sampling
method does not always guarantee the generalizability of
the results, it can remain an effective method for estimating
the likelihood of potential relationships between variables
(34–36). Finally, although it is necessary that all Arab
countries adhere to evidenced-based guidelines, multiple
factors can limit guidelines’ adherence, including income, food
availability and affordability, individual beliefs and preferences,
cultural traditions, and educational, social, geographical, and
environmental aspects.

CONCLUSION

Although it is clear that most Arab pregnant women ameliorated
their food consumption patterns amid the COVID-19 pandemic,
however, the food consumption in the pre-COVID-19 period
as well as during the pandemic was unfavorable. Obviously,
most Arab pregnant women showed low adherence to the
USDA pregnancy recommendations. Thus, prenatal nutrition
education and intervention are required. More research is
needed to uncover modifiable variables and dietary concerns
in pregnant women.
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Background: Scientists have been investigating efficient interventions to prevent and

manage obesity. This network meta-analysis (NMA) compared the effect of different

diets [moderate macronutrients (MMs), low fat/high carbohydrate (LFHC), high fat/low

carbohydrate (HFLC), and usual diet (UD)] on weight, body mass index (BMI), and waist

circumference (WC) changes at ≥12 months.

Methods: We searched Medline, Embase, PubMed databases, and the Cochrane

Library. We systematically assessed randomized controlled trials (RCTs) evaluating

dietary interventions on adults (mean BMI≥ 25 kg/m2) receiving active dietary counseling

for ≥12 months. We pooled the data using a random-effect NMA. We assessed the

quality of the included RCTs using the Cochrane risk of bias (ROB) tool.

Results: We included 36 trials, 14 of which compared HFLC with MM diets. Compared

with UD, all diets were associated with a significant weight loss (WL) at ≥12 months,

HFLC [mean difference in kg (95% CI):−5.5 (−7.6;−3.4)], LFHC [−5.0 (−7.1;−2.9)] and

MM [−4.7 (−6.8; −2.7)]. HFLC, compared with MM diet, was associated with a slightly

higher WL (of −0.77 kg) and drop in BMI (of−0.36 kg/m2), while no significant difference

was detected in other dietary comparisons. WCwas lower with all diets compared to UD,

with no significant difference across specific diets. There was no significant interaction of

the results with the pre-specified sub-groups. The ROB was moderate to high, mostly

related to unclear allocation concealment, high dropout rate and unclear or lack of

blinding of participants, providers, and outcome assessors.

Conclusion: Dietary interventions extending over ≥12 months are superior to UD in

inducing weight, BMI and WC loss. HFLC might be associated with a slightly higher WL

compared with MM diets.

Systematic Trial Registration: https://www.crd.york.ac.uk/prospero/display_record.

php?RecordID=103116, PROSPERO (CRD42018103116).

Keywords: diet, obesity, AcceptableMacronutrient Distribution Ranges (AMDR), weight loss, waist circumference,

body mass index (BMI)
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INTRODUCTION

Obesity has almost increased three times in the last three
decades to reach pandemic levels (1). Obesity is associated with
a decreased lifetime expectancy of 5–20 years, depending on the
severity and the presence of comorbidities (2–4). With more than
half of the world population being overweight or obese, scientists
are continuously exploring efficient interventions to prevent and
manage this pandemic (5, 6).

Diet therapy remains one of the cornerstones of the
multi-disciplinary approach to weight management. However,
obesity treatment guidelines have variable recommendations
regarding the most appropriate diet (Supplementary Table S1).
While almost all agree on a reduced calorie meal plan,
and a modification of macronutrient composition to enhance
the dietary adherence and improve the metabolic profile,
(7) (Supplementary Table S1), there is still no consensus
yet on the most optimal macronutrient dietary pattern for
weight management.

A network meta-analysis (NMA) is a meta-analysis (MA)
technique that allows evaluation of at least three interventions
in one analysis, using both direct and indirect comparisons
(8). It is an “evidence synthesis method” gaining interest
in the field of nutrition research (9). Two recent NMAs of
randomized controlled trials (RCTs) assessed the short term (6–
12 months) effect of different diets (10, 11). The first NMA
included the following diet categories: lifestyle, exercise, attitudes,
relationships, nutrition (LEARN), low carbohydrate, low fat,
and moderate macronutrients (MMs) (10). The results (n =

7,286 participants) revealed that, compared with no diet, and
as expected, any dietary intervention resulted in a significant
weight loss (WL) at 6 months, of 5.1–8.7 kg (10). The WL
response was attenuated at 12 months, with a weight reduction
of 1–2 kg less compared with the 6-month follow up (10). The
comparison of diets with different macronutrient composition
between each other showed that a low carbohydrate diet was
better than a MMs diet, at 6 and 12 months, with a small
difference in meanWL of 1.9 and 1.5 kg, respectively, while none
of the other comparisons reached significance (10). The more
recent NMA (n = 21,942 participants) by Ge et al. included
trials published until September 2018 and similarly showed that
the low carbohydrate, low fat, and MM diets were superior to
a usual diet (UD) at 6 months (WL of 4.6, 4.4, and 3.1 kg,
respectively), with no significant difference comparing diets
among each other’s (11). WL decreased by 1.5 kg on average at
12 months compared with the 6-month assessment point (11).
Several systematic reviews and meta-analyses (SR/MA) assessed
the long term weight reducing effects of various diets beyond 12
months follow up (12–17). Two SR/MAs compared a low fat diet
to any higher fat diet, including UD, and did not demonstrate
any significant difference in the achieved weight at follow-up
(15, 18). Two other SR/MAs compared a high protein/low or very
low carbohydrate diet to other diets and showed a significant
MD in WL of 0.4–0.9 kg, favoring the former diet (12, 14).
One SR/MA compared Atkins, Weight Watchers diet, South
Beach and Zone, and demonstrated a modest and comparable
WL across all (13). The main limitations of the aforementioned

SR/MAs assessing the long-term effects of dietary interventions
stem from the inclusion of RCTs on patients with chronic
diseases, such as diabetes mellitus (DM) and cancer, that might
affect the WL response, the inclusion of RCTs with an active diet
intervention extending over <1 year, or the lack of a systematic
description and investigation of the effect of co-interventions,
such as exercise and behavioral therapy.

Given the heavy burden of obesity, its chronic relapsing
nature (19), and the lack of consensus on the most optimal diet
composition, if any, for weight reduction, this SR/NMA aims
at evaluating the association of long term dietary interventions,
categorized using the Acceptable Macronutrient Distribution
Ranges (AMDR), with changes in weight parameters. The
AMDR, recommended by the Institute of Medicine (IOM), is
widely used by clinicians and defines the ranges of macronutrient
contribution to energy intake that have been linked to a lower risk
of chronic diseases (20, 21).

METHODS

The protocol for this SR/NMA followed the preferred reporting
items for systematic reviews and meta-analyses (PRISMA), and
was registered on PROSPERO (CRD42018103116) (22).

Eligibility Criteria
This section describes the Population, Intervention, Control, and
Outcome (PICO) elements and details the eligibility criteria of
this SR. We selected RCTs as we expected to have a complete
summary of the evidence on the topic by gathering data
from interventional studies. We included RCTs conducted in
adults with overweight/obesity (mean body mass index (BMI) at
baseline ≥ 25 kg/m2) (population), comparing an active dietary
intervention of ≥12(±1) months (intervention), to another
dietary regimen or UD (control), and reporting on one or
more outcomes of interest, change in weight, BMI, or waist
circumference (WC), at ≥12 months follow-up (outcome). We
included only papers written in English. To assess the effect
of dietary interventions in healthy individuals, we excluded
trials where the majority of participants (>75%) were pregnant
women, had chronic diseases (such as cancer, diabetes mellitus,
advanced liver, or renal disease), or received medications
inducing weight gain (such as anti-psychotic drugs), as these
conditions are expected to affect the WL response. We excluded
trials if the intensity of the intervention or the co-intervention
differed between arms or in case a detailed description of the
intervention (such as duration and macronutrient composition)
was not provided in the trial or trial protocol publication. In
addition, we excluded interventions consisting of a change in a
single food item or that solely relied on the supplementation, as
we aimed to assess the impact of comprehensive dietary changes.
Exclusion criteria included RCTs assigning very-low-calorie diets
(<800 Kcal/day) ormeal replacement liquids (since such diets are
not recommended as long term interventions), and RCTs where
diets were assigned based on participants’ genetic profiles (22).
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Search Strategy
We conducted a systematic search in the following electronic
databases Medline, Embase, PubMed, and the Cochrane Library,
without time restriction and until December 2020. We used
Medical Subject Heading (MeSH) terms and keywords relevant
to the dietary intervention and overweight or obesity (as shown
in Supplementary Text S1). Moreover, wemanually searched the
references of SRs on the topic to identify any potentially relevant
studies that may have been missed. We contacted experts in the
field and searched ClinicalTrials.gov for potentially completed
and non-published trials.

Data Screening and Abstraction
We conducted the screening of citations and full texts, and data
abstraction in duplicate and independently, using standardized
forms, prepared a priori. At each step, we conducted a calibration
exercise until discrepancy rate between reviewers got to <5%.
The calibration exercise involved training and cross training of
the researchers on the eligibility criteria and data abstraction,
to make sure that the process was standardized. We prepared
screening sheets for each step based on our research question.
At all stages, we resolved disagreement between reviewers by
discussion and through intervention from content experts (MC
and JJ).

Risk of Bias (ROB) and Publication Bias
Assessment in the Included RCTs
We assessed the risk of bias (ROB) of the included RCTs
in duplicate and independently using the Cochrane ROB
assessment tool (23). We assessed the risk of publication bias
by visually checking the symmetry of the funnel plot of the
included studies in the traditional meta-analyses for comparisons
including ≥10 RCTs. In the funnel plot, for each trial, we plotted
the effect by the inverse of its SE.

Statistical Considerations and Analyses
We presented the characteristics of the included RCTs as
counts (percentages) and means (ranges or SD) for categorical
and continuous variables, respectively. We used complete case
analysis in the quantitative analysis. We categorized the dietary
interventions of the included RCTs using the AMDR as defined
by the IOM (20). MM diets referred to diets where all
macronutrients were within the AMDR ranges: carbohydrate
(45–65% of energy), protein (10–35% of energy), and fat (20–
35% of energy). High fat/low carbohydrate (HFLC) diets had a
total fat percentage that exceeded the AMDR range (>35% of
energy) and/or carbohydrate percentage below the lower AMDR
limit (≤45% of energy). Low fat/high carbohydrate (LFHC) diets
had a total fat percentage below the lower AMDR limit (≤20%
of energy) and/or carbohydrates percentage exceeding the upper
AMDR limit (>65% of energy). UD were control diets where
participants were asked not to change their dietary intake from
their usual lifestyle.

We used Bayesian random-effects model to assess the pooled
direct and the NMA estimates. We derived the latter using
Markov chain Monte Carlo simulation techniques (24, 25). The
outcome measures of interest were the change in weight (kg),

the change in BMI (kg/m2), and the change in WC (cm). When
the change in the outcome measure was not reported, we used
baseline and study endmean (SD) values of the outcomemeasure
to calculate the mean difference (MD) of the change of this
outcome. When the mean of the change was available but the SD
was missing, we calculated the SD using the SE, 95% CI and/or
p, when available, as suggested by the Cochrane Handbook (26).
For the diets included in the NMA, we assessed the likelihood for
every diet to be ranked first, second, etc. (27). We evaluated the
statistical heterogeneity between studies for direct comparisons
using I2 statistic, defining moderate heterogeneity for I2 of 40–
70% and high for I2 > 70%.

For the traditional MA, we calculated the MD and 95% CI
of continuous variables, when at least 2 RCTs were included
in a given comparison, using a random-effects model. We used
imputation methods when needed, as described above. We
explored the reasons for moderate to high heterogeneity, by
conducting sub-group analyses for the following variables, by
outcome and by comparison, as applicable, when a given sub-
group included at least 2 RCTs: gender (>75% of participants
beingmen or women), baselinemean BMI (< 30 vs.≥ 30 kg/m2),
age category (younger vs. older adults based on a cutoff point
of 50 years, as a surrogate of menopausal status), intervention
duration (12 months vs. 13–24 months), and the presence vs. the
absence of concomitant exercise and/or behavioral prescription.
We considered any explicit instruction on exercise, whether
advised or supervised, as a physical activity (PA) co-intervention.
Similarly, we considered any kind of behavioral support received,
irrespective of the provider, as a behavioral co-intervention.
We did not have data to explore the impact of compliance,
dietary fiber content, and dietary restriction vs. ad libitum on
the outcomes of interest. All the sub-group analyses were pre-
specified in the protocol (22), with the exception of gender.

We used RStudio v1.4.1106 (Integrated Development for R.
RStudio, PBC, Boston, MA) for the NMA and the league tables.
We used Stata 17 to generate the network nodes (StataCorp.
2021. Stata Statistical Software: Release 17. College Station,
TX: StataCorp LLC). We conducted the traditional meta-
analysis, subgroup analyses, and funnel plots on ReviewManager
[(RevMan) (Computer program) Version 5.3. Copenhagen: The
Nordic Cochrane Center, The Cochrane Collaboration, 2014].

RESULTS

The search strategy yielded 22,929 citations. After removal
of duplicates, we screened 22,853 citations, 3,082 full text,
and included 50 publications relevant to 36 trials (Figure 1).
We identified 24 RCTs reporting on weight change (total
n = 4,916 participants), 17 RCTs on BMI change (total n
= 3,260 participants), and 15 RCTs on WC change (total
n = 2,734 participants), and comparing diets with different
macronutrient distribution between each other or to UD, at ≥12
months follow-up.

Characteristics of the Included RCTs
Supplementary Table S2 showcases the detailed study
characteristics of each of the included RCTs. Table 1 presents
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FIGURE 1 | Flow diagram of included studies.
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a summary of the characteristics of the included RCTs. The
comparison of MM to HFLC diets included the largest number
of RCTs. The sample size of the RCTs ranged between 7
and 318 participants per arm and the duration of the active
intervention spanned over 12–24 months. The range of mean
age of participants was 22–67 years, and the range of mean
BMI at baseline was 25.9–43.6 Kg/m2. The majority of RCTs
included both genders, and women represented >50% of the
population, with the exception of 3 RCTs (28–30). Most of the
trials were conducted in North America (44%) and Europe
(28%). Furthermore, seventeen RCTs included participants
with cardio-metabolic co-morbidities (e.g., coronary heart
disease, hypertension, dyslipidemia, and metabolic syndrome) in
<40% of the population. There were few exceptions where the
majority of participants had metabolic syndrome (65–100% of
the population) (31–35), hypertension (81% of the population)
(33), and hyperinsulinemia (100% of the population) (36).
The delivery of the dietary intervention was achieved in most
of the trials through face-to-face individual and/or group
assessment and education. Few trials incorporated a follow-up
over the phone and/or via email (29, 37–41). Behavioral therapy
and PA were co-interventions in 39 and 36% of the RCTs,
respectively, and 8 RCTs had both co-interventions administered
concomitantly (Table 1). Nine RCTs administered diets that have
a similar macronutrient composition falling within the same
AMDR classification, and therefore were not included in our
quantitative analysis (35, 36, 41–47).

The compliance to the dietary intervention was assessed in
about 50% of the trials using a variety of methods, the most
common being food records (32, 40, 43, 48–50), followed by food
frequency questionnaires and dietary recalls (32, 35, 51), urine
urea nitrogen (41, 52, 53), and educational sessions’ attendance
(30, 32, 33, 54). The dropout rate was reported in most studies.
It was <20% in 20 RCTs, and larger reaching 30–60% in 14
RCTs. The highest dropout rates were observed in one RCT with
young female participants (18–25 years) (55) and other trials
with participants following HFLC diets (41, 49, 55, 56). When
the funding was described, the source consisted of national or
international scientific organizations, with the exception of one
trial funded by a private company (55).

Supplementary Table S3 features the ROB assessment of
the included RCTs. Most studies (72%) had a “High” overall
ROB. The high ROB was related to a poor description or
lack of appropriate allocation concealment and blinding of
participants/personnel and outcome assessors’, high dropout rate,
and incomplete outcome reporting. Seventeen RCTs have their
protocols posted online. Among the other risks of bias, the
imbalance in baseline characteristics was the most common
limitation.We were able to assess the risk of publication bias only
for the comparison of HFLC to MM, as it included more than 10
RCTs (Supplementary Figures S1–S3). The funnel plots revealed
asymmetry in the publications reporting weight changes. No
asymmetry was noted for RCTs describing BMI andWC changes.

Changes in Weight, BMI, and WC
We conducted an NMA for each of the outcomes of interest
(Figure 2). The largest number of direct comparisons was

TABLE 1 | Summary of the population and intervention characteristics of the

included randomized controlled trials (RCTs).

Variable Results

Range of means

Age (years) 22–68

BMI (Kg/m2) 26–44

N (%)*

Gender

Women only 7 (19)

Men only 4 (11)

Both 25 (69)

Continent

Australia &New Zealand 7 (19)

Asia 3 (8)

Europe 10 (28)

North America 16 (44)

Diet categories comparisons

MM vs. Usual diet 4 (11)

MM vs. LFHC 3 (8)

MM vs. HFLC 14 (39)

MM vs. MM 9 (25)

HFLC vs. HFLC 1 (3)

HFLC vs. LFHC 2 (5.5)

MM vs. LFHC vs. HFLC 2 (5.5)

LFHC vs. Usual diet 1 (3)

Study duration

12 months 28 (78)

13–24 months 8 (22)

Mode of educationU

Individual, face to face 19 (53)

Group, face to face 19 (53)

Mobile/email 6 (17)

Others 7 (19)

Behavioral co-intervention 14 (39)

Physical activity co-intervention 12 (33)

BMI, BodyMass Index; MM,Moderate Macronutrient; HFLC, High Fat LowCarbohydrate;

LFHC, Low Fat High Carbohydrate.

*Percentages calculated out of the 36 included trials.

UPercentages add up to more than 100% as there are trials that included several modes

of education.

between MM and HFLC diets for all outcome measures
(Figure 2). All estimates were fed by direct and indirect
comparisons, with the exception of the one derived from UD vs.
HFLC diet for the weight, BMI, and WC changes, and the one
derived from UD vs. LFHC diet for the WC change, that were
only based on indirect comparisons.

We identified 24 RCTs reporting on the weight changes
(total n = 4,916 participants) at ≥ 12 months of follow-up
(28, 29, 31–34, 37–40, 49–51, 53–63). The NMA revealed that,
compared with UD, all diets were associated with a significant
and comparable WL, at 12 months and beyond (Table 2), HFLC
diets [MD (95% CI): −5.5 (−7.6; −3.4)] kg, LFHC diets [−5.0
(−7.1; −2.9)] kg and the MM diets [−4.7 (−6.8; −2.7)] kg
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FIGURE 2 | Network plot of included studies.

TABLE 2 | League table of network meta-analysis results of weight changes (Kg)

and BMI changes (Kg/m2) at study end (≥ 12 months).

BMI (Kg/m2)

Usual diet

(W 0.09; BMI 0)*

−2.1

(−2.8:−1.4)

−1.8

(−2.5: −1.0)

−1.7

(−2.4:−1.1)

−5.5

(−7.6: −3.4)

High fat low

carbohydrate

diet (W 0.82;

BMI 0.96) *

0.30

(−0.18: 0.79)

0.36

(0.05: 0.67)

W
e
ig
h
t

(K
g
)

−5.0

(−7.1:−2.9)

0.47

(−0.32:1.3)

Low fat high

carbohydrate

diet

(W 0.80; BMI

0.58)*

0.06

(−0.42:0.54)

−4.7

(−6.8:−2.7)

0.77

(0.19:1.3)

0.77

(−0.38:1.9)

Moderate

macronutrient

diet (W 0.29;

BMI 0.47)*

BMI, body mass index; W, weight.

Values corresponding to weight changes are below or to the left of the diet categories.

Values corresponding to BMI changes are above and to the right of the diet categories.

*Numbers between parentheses refer to the probability of the diet being selected the best.

(Table 2). When comparing dietary interventions between each
other, the only significant difference was for the HFLC diets,
associated with a higherWL compared withMM diets [MD (95%
CI): −0.77 (−1.3; −0.19)] kg. The HFLC diet had the highest
probability of being superior to all other diets (82%). The ROB
of the included studies was moderate to high, mostly related to
unclear allocation concealment and blinding, and high dropout
rate of 20–60% (Supplementary Figure S1).

Moreover, 17 RCTs presented BMI changes (total n = 3,260
participants) at ≥ 12 months (29, 31, 34, 37–39, 49, 50, 54,
57–59, 61, 62, 64–66). The NMA on BMI change showed
results similar to WL. There was a significant drop in BMI
across all diets compared with UD, HFLC [−2.1 (−2.8; −1.4)]
kg/m2, LFHC [−1.8 (−2.5; −1.0)] kg/m2, and the MM diets
[−1.7 (−2.4; −1.1)] kg/m2 (Table 2). When comparing dietary
interventions between each other, the only significant difference
was for the HFLC diets, associated with a significantly lower

TABLE 3 | League table of network meta-analysis results of waist circumference

changes (cm) at study end (≥ 12 months).

Usual diet

(0)*

−5.6

(−8.6:−2.6)

High fat low

carbohydrate

diet (0.95)*

−5.2

(−8.4:−2.1)

0.36

(−0.85:1.6)

Low fat high

carbohydrate

diet (0.58)*

W
a
is
t

c
ir
c
u
m
fe
re
n
c
e

(c
m
)

−5.0

(−7.9:−2.1)

0.61

(−0.14:1.4)

0.25

(−0.97:1.5)

Moderate

macronutrient

diet (0.47)*

*Numbers between parentheses refer to the probability of the diet being selected the best.

BMI compared with MM diets [MD (95% CI): −0.36 (−0.67;
−0.05) kg/m2]. The HFLC diets had the highest probability of
being superior to all other diets (96%). The ROB of the included
studies was moderate to high, mostly related to unclear sequence
generation, allocation concealment and blinding, and incomplete
data reporting, with a high dropout rate of 20–60% and other bias
(Supplementary Figure S2).

We identified 15 RCTs reporting on WC change (total n =

2,734 participants) at ≥12 months (29, 31, 34, 37, 38, 49–51, 53–
55, 57–59, 65). The results on WC changes echoed those of
weight and BMI changes, with the HFLC associated with the
highest changes [MD (95% CI): −5.6 cm (−8.6; −2.6)], followed
by LFHC and MM diets, compared with UD. Yet, there was no
significant difference inWCwhen diets were compared with each
other (Table 3). The ROB of the included studies was moderate
to high mostly related to unclear allocation concealment and
blinding, and high dropout (Supplementary Figure S3).

Sub-group Analyses
We conducted subgroup analyses for the MM vs. LFHC
comparison, as it had a moderate to high heterogeneity in
the traditional MA for weight change (I2 56%), BMI change
(I2 77%), and WC change (I2 40%) (Supplementary Table S4).
There was a larger drop in BMI with a longer intervention
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duration of 12 months or more [MD −0.73 (−1.23; −0.27)
kg/m2], compared with a duration of 12 months only [MD
−0.19 (−0.36;−0.02) kg/m2], of borderline significance with a p-
subgroup analysis 0.05. However, this finding was not reproduced
for other outcome measures. Sub-group analysis by the type of
co-intervention showed a trend for a larger difference in themean
change in WC in trials that administered both co-interventions
(PA and behavioral therapy), p-subgroup analysis 0.05. We did
not find any interaction by gender. We detected a consistent
trend for a slightly larger effect in younger (age <50 years),
compared with older (age ≥50 years) individuals, across various
outcome measures. We could not assess the impact of baseline
BMI given the narrow range of mean BMI (of 30–40 kg/m2) in
most studies.

Adverse Events
The adverse events were reported only in 6/36 trials (28, 33,
35, 52, 53, 57). Most adverse events were not related to the
dietary interventions. Some diet related adverse events included
increased urine micro-albumin to creatinine ratio in patients
following high-protein diets (52) and hypoglycemia following an
oral glucose tolerance test (57).

DISCUSSION

This NMA exclusively analyzes the long-term (≥ 12 months)
effect of dietary interventions with active counseling, using
the IOM macronutrient categorization brackets for diets
categorization. The conduct of such an NMA is important given
the wide utilization and reference of the AMDR (20). All diet
categories (MM, LFHC, and HFLC), compared with UD, were
associated with a significant WL of about 5 kg, a significant drop
in BMI of 2 kg/m2, and a significant drop in WC of 5 cm, at
12–24 months follow-up. Diets did not differ among each other,
with the exception of the HFLC diet that was slightly better
than MM diet, with a larger WL (of 0.8 kg) and BMI loss (0.4
kg/m2). Since these differences in weight and BMI have aminimal
clinical significance, our findings confirm that all diets have the
same efficacy on weight management, and provide the evidence
for obesity guidelines recommendations, not favoring a specific
diet beyond the one that would optimize patient adherence and
the adoption of healthy eating patterns (7, 67). Our conclusion
contrasts with what diet advertisements claim to the public about
the superiority of certain diets over others (68–70). Popular diets
may be helpful as a jumpstart but do not affect long-term weight
and WC changes (71).

Results of this NMA are aligned with those of two previous
NMAs that assessed the effect of dietary interventions at 6–12
months follow-up (10, 11). Both NMAs showed that the different
diet categories were superior to UD at 12 months, with a drop
in weight (of 5–7 kg) and BMI of around 2 kg/m2, similar to
our findings. When comparing diets among each other, both
NMAs showed a slightly higher effect of a low carbohydrate
diet compared with the MM diet (10, 11), as demonstrated in
our findings. Ge et al. showed a higher effect of a low-fat diet
compared with an MM diet (11). While our NMA assessed the
effect of dietary interventions of at least 12 months, in patients

without chronic diseases potentially affecting WL, it confirmed
the result of previous SR/MA on the topic, and hence showed
comparable results, suggesting weight maintenance at a certain
plateau with continuous dietary efforts beyond 12 months (72).

Our significant findings in one comparison only may be
related to a higher power to detect significance given the larger
number of included trials comparing HFLC to MM diets. The
potential superiority of HFLC over an MM on weight and
BMI changes may be explained by several reasons. A low-
carbohydrate diet implies a higher protein intake and a reduced
sugar consumption, and therefore more satiety (73). AHFLC diet
may be associated with an higher secretion of the anorexigenic
peptide YY hormone (74, 75), and a higher energy expenditure,
compared with other diets (76). Furthermore, the carbohydrate-
insulin model of obesity favors a low carbohydrate and a low
glycemic index diet, allowing less fat deposition and higher
energy expenditure, compared to a traditional low fat diet (77).
However, this model has been criticized for being “too simplistic”
(78), and further research is needed to explore the implication of
this model in specific patient populations.

Aging is associated with a decrease in the total energy
expenditure, and a change in various hormones that affect body
composition and appetite (79). However, we did not detect a
significant interaction by age, but a trend for a larger effect in
younger individuals. Moreover, our subgroup analysis revealed
a trend for better results in WC among recipients of PA and
behavioral therapy interventions, compared with either one. Such
findings highlight the importance of amultidisciplinary approach
in weight management, such as diet, exercise, and psychologic
support (80). Noteworthy, there was a wide heterogeneity in
the intensity of delivery of the physical activity, consisting of
education about healthy habits or supervised exercise sessions
(29, 30, 34, 37, 44, 49, 51, 54, 55, 57, 59, 62). Similarly,
the behavioral support consisted of counseling by behavioral
therapists as well as support sessions provided by healthcare
providers non-specialized in the behavioral field (34, 37, 39, 43,
44, 46, 50, 51, 53, 57, 59–62).

Strengths/Limitations
To our knowledge, this is the most comprehensive review on
the long-term effect (≥ 12 months) of diets, assessing the WL
response, in the general population with overweight/obesity.
We have used a rigorous approach in the identification, data
abstraction, and analysis of relevant RCTs. Our findings are
based on RCTs mostly derived from Western populations
and therefore might not be generalizable to non-Western
countries. In addition, with the exception of few trials conducted
exclusively in men, women constituted the majority of the
participants, and therefore, we were not able to explore the
gender effect on the response to dietary interventions. Our
limitations stem from challenges identified in the included RCTs,
most of which were of low quality, with a high ROB. We
could not assess the impact of the quality of RCTs on the
results given the paucity of high-quality trials. Although the
International Committee of Medical Journal Editors (ICMJE)
required, as of 2005, trials protocol registration for publication,
and same did the World Health Organization as of 2006,
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we identified several studies published after 2007, without an
available published protocol. While blinding is an essential
component in RCTs to reduce the risk of performance and
detection bias, blinding of participants and dieticians to dietary
interventions is very difficult, as previously recognized (81–
83). There was a wide heterogeneity in the intensity and
delivery mode of the dietary interventions, and this could
have affected the WL response. Furthermore, compliance was
assessed qualitatively in the majority of studies, implying the
lack of accurate assessment of participants’ adherence to dietary
intervention. Few trials used quantitative methods and these
included 24-h recall, self-reported food records, and food
frequency questionnaires, and fewer ones chose urine urea
nitrogen, urinary ketone levels, and respiratory quotient; the
latter are preferred methods as they are subjected to less recall
and social desirability biases. Due to the difference in the
assessment methodology, there were no means of evaluating
the relationship between adherence rate and changes in weight
parameters. Finally, we noted an under-reporting of adverse
events, as described previously (10, 11). Although various diet
therapies are safe, limited data are available on their long-term
effects (84).

CONCLUSION

Compared with the usual diet, all dietary interventions allow a
sustained modest WL during the follow-up of 12 months and
beyond. A HFLC diet seems to be slightly better than a MM
diet, while all other comparisons between diets yield similar
results. A major limitation of the findings stems from the lack of
compliance/adherence data, the wide variability of the delivery of
dietary interventions, and the low quality of RCTs. A formal and
standardized delivery of diet therapy, a qualitative assessment of
participants’ adherence to diets, efforts to improve on blinding
of participants and researchers, and to reduce the participants’
attrition are essential in future trials. While our findings apply to
the general population of patients with overweight/obesity, the
long-term impact of dietary approaches on patients with chronic

diseases is worth investigation in a separate systematic review of
the literature.
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Nutritional inadequacy has been a major health problem worldwide. One of the many

health problems that result from it is anemia. Anemia is considered a health concern

among all ages, particularly children, as it has been associated with cognitive and

developmental delays. Researchers have investigated the association between nutritional

deficiencies and anemia through various methods. As novel analytical methods are

needed to ascertain the association and reveal indirect ones, we aimed to classify

nutritional anemia using the cluster analysis approach. In this study, we included 4,762

students aged between 10 and 17 years attending public and UNRWA schools in the

West Bank. Students’ 24-h food recall and blood sample data were collected for nutrient

intake and hemoglobin analysis. The K-means cluster analysis was used to cluster the

hemoglobin levels into two groups. Vitamin B12, folate, and iron intakes were used

as the indicators of nutrient intake associated with anemia and were classified as per

the Recommended Dietary Allowance (RDA) values. We applied the Classification and

Regression Tree (CRT) model for studying the association between hemoglobin clusters

and vitamin B12, folate, and iron intakes, sociodemographic variables, and health-related

risk factors, accounting for grade and age. Results indicated that 46.4% of the students

were classified into the low hemoglobin cluster, and 60.7, 72.5, and 30.3% of vitamin

B12, folate, and iron intakes, respectively, were below RDA. The CRT analysis indicated

that vitamin B12, iron, and folate intakes are important factors related to anemia in girls

associated with age, locality, food consumption patterns, and physical activity levels,

while iron and folate intakes were significant factors related to anemia in boys associated

with the place of residence and the educational level of their mothers. The deployment

of clustering and classification techniques for identifying the association between anemia

and nutritional factors might facilitate the development of nutritional anemia prevention

and intervention programs that will improve the health and wellbeing of schoolchildren.

Keywords: nutritional anemia, anemia classification, cluster analysis, classification model, Classification and

Regression Tree, schoolchildren
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INTRODUCTION

Anemia is a worldwide public health concern, with 24.8% of
the global population suffering from anemia (1). It is associated
with many diseases that affect all the age groups (1–3). The
effects of the lack of oxygen are particularly troublesome in
children, as that may affect their physical growth and cognitive
development (4–8). There are many causes of this disease, with
nutritional inadequacies being a primary factor contributing
to anemia (9–11). Various studies have associated certain
nutritional insufficiencies with this disease. Iron, vitamin B12,
folic acid, vitamin A, and vitamin C are some nutrients that
have been linked to its development (6, 11–16). The association
between nutrient intake deficiencies and other health and
cognitive development problems among schoolchildren has been
investigated by several studies, indicating a strong correlation
between nutrition and the health of children. Researchers
have investigated the prevalence of nutrient deficiencies among
medically documented patients with anemia, and it has become
well known that iron deficiency is the most common cause of
anemia (13, 17–19). Ensuring adequate nutrient intake requires
dietary variety in food consumption, which could be lacking in
children age group (20–25).

Other risk factors linked to the disease include children living
conditions. Goswami et al. is one of the many researchers who
found that the place of residence is a major factor associated
with anemia, where rural children were more anemic than urban
children (26). Other researchers have also established the linkage
of parental educational level with this entity (26–28). It has
become clear that, as many factors interact in the development
of anemia, there is a need for an in-depth study of this complex
interaction, one beyond prevalence and associations.

Investigators have usedmany statistical methods in discerning
the interaction of sociodemographic and health-related risk
factors resulting in anemia. Furthermore, data mining and
machine learning techniques for clustering and classifications
have been improved as effective tools in the clustering and
classification of risk factors associated with the health of children
(29, 30). The K-means, Decision Tree, Chi-square automatic
interaction detection (CHAID), the K-Nearest Neighbors’
algorithm (K-NN), and Classification and Regression Trees
(CRT) clustering and classification models have been used by
many research studies for predicting and identifying nutrition,
lifestyle, and health diseases, such as obesity, diabetes, and
anemia (31–34). In medical research, several ML clustering
and classification, such as support vector machine, artificial
neural network, and random forest techniques, are used for
improving early detection and diagnosis of diseases (29, 30, 35–
38). Particularly in anemia, M. Visser et al. have employed
factor analysis for the determination of the nutrient pattern
that is most associated with anemia, accounting for differences
between provinces (14). On the other hand, Sow et al. employed
machine learning algorithms in the identification of associated
sociodemographic risk factors for anemia development (38). A
study in China employed the CHAID decision tree analysis for
the identification of infant anemia-related risk factors (31).

To the best of our knowledge, few studies have employed
cluster analysis for the classification of hemoglobin levels among
a certain population. The present study is a part of the national
nutritional formative research among schoolchildren aimed
at assessing children’s health, nutrition, and mental health.
The main aim of this study was to derive dietary patterns
related to anemia in schoolchildren and to investigate the
association between hemoglobin, vitamin B12, iron, and folate
intakes with other sociodemographic variables, and health-
related risk factors among Palestinian schoolchildren. We
used the K-means and CRT machine learning techniques in
identifying schoolchildren clusters based on hemoglobin data
and finding the association patterns through the classification of
the associated risk factors.

MATERIALS AND METHODS

Participants and Data Collection
This study utilizes data from the Health Behaviour in School-
aged Children (HBSC) survey conducted by Al-Quds University
and the Ministry of Health in the year 2013–2014, which
aims to assess the nutritional, physical, and psychological
health of Palestinian schoolchildren (34, 39, 40). The study
sample included children aged 10–17 years who were enrolled
in public and the United Nations Relief and Works Agency
(UNRWA) for Palestinian refugee schools. A representative
and clustered random sample of 5,000 students was selected
from 100 schools in the West Bank and weighted for grade
and age. Only the relevant variables and available data were
used for this study; therefore, a final sample of 4,762 students
was used for data analysis. Data collection included blood
sampling, sociodemographic data, health-related practices, and
24-h dietary recalls. For hemoglobin acquisition, data were
collected using the Hemoglobin (Hb) test using the HemoCue
Hb 201+ analyzer. On-site 50 µl of non-fasting venous whole
blood was collected for all subjects for complete blood count
(CBC) analysis via nurses and doctors registered in the Ministry
of Health on schools’ grounds. The total Hb concentration
was calculated to the nearest 0.1 g/dl. The anthropometric
data were collected by the digital floor scale for measuring
students’ weights in kg and the portable stadiometer for
measuring the height in cm. Prior to data collection, all parents
or caregivers signed an informed consent form. The study
received ethical approval from the Ministry of Education and
Al-Quds University Institutional Review Board (IRB approval
number: 05-Aug-2013-12/10).

Hematological Parameter
In this study, we acquired hemoglobin levels as an indicator of
anemia. The use of hemoglobin as a single anemia parameter
has been applied in various research studies (10, 38, 41). In this
study, the K-means clustering method was used for identifying
the hemoglobin groups (42). Using the K-means clustering
method, two different hemoglobin clusters were identified. The
first cluster includes the participants with average hemoglobin of
<12 g/dl, the second cluster includes those ≥12 g/dl.
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Health-Related Risk Factors
Tomeasure nutrient intake, we used the 24-h food recall method.
The tool gives a detailed insight into food consumption over a
24-h period (43–45). The food frequency scale was developed
using the eight food items scale, which was categorized based
on similarity in the nutrient profile (46). These categories
were as follows: (1) vegetables; (2) fruits; (3) milk and other
dairy products; (4) sweets and chocolate; (5) soft drinks; (7)
beverages (juices and sugar); and (8) energy drinks. Response
categories were (1) never, (2) 1–2 times a week, (3) 3–4 times
a week, and (4) 5–7 times a week (almost daily). The food
consumption quantities were identified using the recipes from
the consumption weight book developed by ANAHRI (47).
The food intake was entered and analyzed using Nutribase
Professional V.9, the United States Department of Agriculture
(USDA), and the Palestinian Food Recipes databases (47, 48).
As studies have shown that there is an association between
certain nutrients with anemia, we have chosen vitamin B12, iron,
and folate as key nutrients for the analysis of and association
with hemoglobin clusters. The nutrient values were analyzed
and compared with the USDA Recommended Dietary Allowance
(RDA) values according to the ages of participants (49).

As for health-related nutritional practices, we have used the
food frequency questionnaire to classify the practices of students
into (healthy and unhealthy) food consumption patterns. The
indicated frequency of consumption was obtained over a week’s
duration (1) never, (2) 1–2 times a week, (3) 3–4 times a week,
and (4) 5–7 times a week (almost daily).

The healthy group included participants who were in the top
2 quartiles (+50 percentile) of intake of fruits and vegetables
(indicated as the indicators of a healthy diet by the WHO)
(50) and milk and had indicated that they did not eat any
unhealthy item. The unhealthy group included participants who
had indicated that they did not eat any healthy nutritional items
and were in the top 2 quartiles of the frequency of eating sweets,
soft drinks, sugary juices, and energy drinks, respectively. The
score for each variable was classified into yes and no values
according to quartile classification.

Taking into consideration the numerous non-dietary risk
factors that may be associated with anemia, we have included
data regarding the general health status of the participants.
Anthropometric measurements, such as height, weight, and neck
circumference, were measured by school nurses, and the body
mass index [BMI = weight/(height2)] of each participant was
calculated. The BMI was classified into 4 categories based on the
WHO cutoff values for interpretation of BMI in 5–19-year-old
children (51). Furthermore, the students were asked about their
physical activity during the school days and excluding weekends.
The following questions comprised the frequency of physical
activities over a week duration: (1) In the last week, how many
days were you physically active for more than 60 min? (2) In
the last week, how many hours were you playing sports outside
school? (3) In the last week, how many hours do you exercise
per week? These responses were summed, and the final score
was classified according to its quartiles into low (1st and 2nd
quartiles), moderate (3rd quartile), and high physical activity (4th
quartile), respectively. In addition, as leisure time activities were

accounted for in the questionnaire, the respondents were asked
about their screen behavior over school days in the past week. The
questions included: (1) how many hours do you spend watching
TV? (2) howmany hours do you play video games? (3) howmany
hours do you spend using the internet? Again, the sum of these
questions was used to generate a leisure time activity scale, and
the quartiles were used to classify the outcome into low (1st and
2nd quartiles), moderate (3rd quartile), and high (4th quartile)
leisure time activities. Moreover, students were asked about their
smoking practices, and the responses were yes or no to smoking
cigarettes and/or nargileh, respectively. Furthermore, as anemia
could result from a multitude of chronic disease processes, we
asked the students and their parents about any known chronic
illnesses, in addition to checking the available school records
on the chronic illnesses of students, and we ultimately excluded
those students from this study.

Statistical Analysis
We employed descriptive statistics, the K-means clustering
method, and the CRT technique (52). The statistical analysis
was conducted using IBM Statistical Package for Social Science
V21. The K-means clustering method is a type of statistical
analysis that classifies the sample population into homogenous
groups with different characteristics using a specific variable
as the comparison criterion (42). The K-means clustering
method defines the segments of a dataset and assigns each
observation into a specific cluster, the algorithm identifies
the smallest variation within each cluster. A non-hierarchical
K-means clusteringmethodwas used to produce two hemoglobin
clusters, with the random seed and 10 iterations to refine and
optimize the classifications. The final clusters were selected
based on interpretability and the percentage of participants in
each cluster. The sociodemographic and nutrition variables were
analyzed for these clusters. Chi-squared and univariate analysis
tests were used to assess the differences between categorical
data. Continuous data were assessed for normality and, if
required, normalized with natural log transformation. Of the
available decision tree models, we chose the CRT model for
the identification of potential risk factors for childhood anemia,
relating to each relevant nutrient of choice (vitamin B12, iron,
and folate). Cases in each subgroup are further classified by the
second most significant predictor. The analysis continues until
the last significant risk factor is identified.

RESULTS

Demographics and Health-Related Risk
Factors
The results of the demographic characteristics and health-related
risk factors are depicted in Table 1. The study sample consists of
66.9% girls and 33.1% boys, 72.6% aged 10–13 years, and 27.4%
aged 14–17 years. The students were mostly from urban habitats
(42.8%), but 34.6% were from rural habitats and the rest were
from refugee camps. When asked about their family income,
almost 45% of the participants reported they had low family
income compared with the minimum wages in the West Bank,
and only 19.2% had high income, respectively. Additionally,
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TABLE 1 | Demographic variables of the study sample (n = 4,762).

Hemoglobin

n % Mean ± SD

Gender Boys 1,575 33.1 13.1 ± 1.35

Girls 3,187 66.9** 12.9 ± 1.27

Age 10–13 years 3,455 72.6** 12.9 ± 1.23

14–17 years 1,307 27.4 13.07 ± 1.47

Locality Urban 2,037 42.8** 13.1 ± 1.26

Rural 1,650 34.6 12.8 ± 1.29

Camp 1,075 22.6 12.9 ± 1.38

Family income L 2,122 44.6 12.9 ± 1.3

M 1,724 36.2 13 ± 1.3

H 916 19.2 13 ± 1.32

Father’s education ≤Secondary 1,887 39.6 13 ± 1.3

>Secondary 2,875 60.4 12.9 ± 1.31

Mother’s education ≤Secondary 1,838 38.6 12.9 ± 1.3

>Secondary 2,924 61.4 13 ± 1.31

BMI Underweight 234 4.9 13 ± 1.29

Normal 3,807 79.9 12.9 ± 1.42

Overweight 480 10.1 12.8 ± 1.34

Obese 241 5.1 12.9 ± 1.27

Healthy food consumption No 2,019 42.4 13 ± 1.33

Yes 2,743 57.6 13 ± 1.31

Unhealthy food consumption No 1,506 31.6 13 ± 1.3

Yes 3,256 68.4 13 ± 1.3

Smoking No 3,977 83.5 13 ± 1.35

Yes 785 16.5 12.9 ± 1.3

Physical activity L 1,223 25.7 13 ± 1.29

M 1,321 27.7 13 ± 1.32

H 2,218 46.6 12.9 ± 1.31

Leisure time activity L 1,245 26.1 13 ± 1.25

M 1,281 26.9 13 ± 1.33

H 2,236 47.0 13 ± 1.31

N, number of study samples; SD, standard deviation; L, low; M, Medium; H, high.

**p < 0.001.

students were asked about the level of their parents’ education.
Over two-thirds reported that their parents have an education
level of secondary school and above, 60.4% for fathers and
61.4% for mothers, respectively. The results of nutritional status
assessment indicated that almost 80% were found to have normal
BMI levels, while 5.1% exhibited obesity as per the BMI scale. Of
the study participants, 50% reported healthy food consumption
and 68% reported unhealthy food consumption. Most students
reported medium or high levels of physical activity (74.3%), as
well as leisure time activities (73.9%), respectively. Furthermore,
about 16.5% of students were smoking cigarettes or nargileh.

Table 1 depicts the mean and standard deviation (SD) of
hemoglobin values for each demographic variable category.
There were statistically significant differences in hemoglobin
values per age, gender, and locality (p 0.000, 0.000, and 0.000,
respectively). The mean hemoglobin values were higher in boys
than girls (13.1 and 12.9, respectively), and in the older age

group (13.07). Moreover, the mean hemoglobin was higher
in urban than rural and camp residents (13.1, 12.8, and
12.9), respectively.

Overall Nutritional Profile
The macronutrient and micronutrients intake analysis of 24-h
food recall data is reported in Table 2. All intakes differed
significantly by age and gender (p < 0.05). The results indicated
that the mean energy intake was higher in boys than girls across
both age groups (2494.2, 2570.6) and (2101, 1936.7), respectively.
In general, boys had a higher nutrient intake of carbohydrates,
proteins, fat, cholesterol, vitamin B12, iron, and folate than girls.

Table 3 reports the percentage distribution of students’
vitamin B12, iron, and folate intake according to the RDA as
nutritional anemia indicators. All intakes differed significantly
by age and gender (p < 0.05). Both boys and girls had vitamin
B12 intake lower than the RDA across both age groups, with a
higher percentage in girls (52.2 and 56.8% for boys, and 60.8 and
74% for girls, respectively). Iron intake was above the RDA for all
boys (84.9 and 67.7%), and younger (10–13 years) girls (71.9%),
respectively. However, 65.7% of older girls (14–17 years) had iron
intake below RDA. Folate intake was below RDA for boys and
girls across all age groups, with a lower intake for boys (61.1 and
77.6% for boys; 71.9 and 86.4% for girls), respectively.

K-Means Cluster Analysis of Hemoglobin
Table 4 shows the results of the K-means clustering of the
hemoglobin values of the study participants. The clustering
technique resulted in two distinct hemoglobin clusters, with
statistically different average hemoglobin values of 11.85 and 13.9
g/dl (p < 0.05). The clusters were identified as low and high
(46.4 and 53.6%) in reference to the WHO criteria for anemia
definition, for both genders (1). There were significant differences
in the distribution of children across hemoglobin clusters by
age, gender, and locality. The high hemoglobin cluster included
915 boys and 1,636 girls. A higher percentage of students from
both age groups were classified into the high hemoglobin cluster
(52.2 and 57.2%). Furthermore, more students from urban and
camps residences were classified into the high hemoglobin cluster
(57.5 and 51.8%), while 50.8% of rural residents were in the low
hemoglobin cluster.

Nutrition Profile per Hemoglobin Clusters
Table 5 shows the mean energy and main nutrients among the
hemoglobin clusters. The mean energy, carbohydrates, vitamin
B12, and fat are roughly equal among the low and high
hemoglobin clusters (2,207.7, 2,208; 311.4, 311.5; 2.1, 2.2; and
76.3, 76.1). The high hemoglobin cluster had higher mean
protein, iron, and folate intake (76.7, 17.8, and 263.6). These
differences, however, were not found to be statistically significant
across hemoglobin groups.

CRT Analysis of Anemia Related Risk
Factors
The CRT classification technique has been used for classifying
the hemoglobin clusters by schoolchildren’s nutritional intake
(vitamin B12, iron, and folate). Table 6 shows the variables
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TABLE 2 | Mean (± SD) nutrient intake per 24-h by age and gender.

Age (years)

10–13 14–17

Boys Girls Boys Girls

Energy (kcal) 2,494.2 ± 799** 2,101 ± 743.4 2,570.6 ± 859.4** 1,936.7 ± 731.3

Carbohydrates (g) 347.9 ± 120.1** 297.1 ± 105.9 362.9 ± 128.1** 276.3 ± 110.8

Protein (g) 88.8 ± 36.4** 72 ± 32.5 89.9 ± 38.4** 65.1 ± 30

Fat (g) 86.4 ± 36.8** 72.6 ± 32.9 88 ± 39.8** 66.6 ± 31

Cholesterol (mg) 256.2 ± 224.2** 197.1 ± 190.8 239.2 ± 224.7** 160.9 ± 154.3

VitB12 (mcg) 2.5 ± 2.7* 2 ± 2.3 2.7 ± 3* 1.7 ± 2

Iron (mg) 14.5 ± 6.8** 13.2 ± 6.9 14.1 ± 6.8** 11.7 ± 6.6

Folate (mcg) 298 ± 195.6** 250.9 ± 182 288.4 ± 181.8** 234.5 ± 171.5

SD, standard deviation; kcal, kilocalories; g, grams, mcg; micrograms; Vit, vitamin.

*p < 0.05.

**p < 0.001.

TABLE 3 | Nutrient intake levels according to the Recommended Dietary

Allowance (RDA) per age and gender.

Age (years)

10–13 14–17

Boys Girls Boys Girls

n (%)

VitB12 (mcg) <RDA 599 (52.5) 1,407 (60.8)** 246 (56.8) 647 (74)**

≥RDA 543 (47.5) 906 (39.2) 187 (43.2) 227 (26)

Iron (mcg) <RDA 172 (15.1) 556 (24) 140 (32.3) 574 (65.7)

≥RDA 970 (84.9)** 1,757 (76) 293 (67.7)** 300 (34.3)

Folate (mcg) <RDA 698 (61.1) 1,662 (71.9)** 336 (77.6) 755 (86.4)**

≥RDA 444 (38.9) 651(28.1) 97 (22.4) 119 (13.6)

n, number of study sample; SD, standard deviation; mcg, micrograms; Vit, vitamin.

**p < 0.001.

included in the CRT classification analysis. Figures 1–3 show
the CRT analysis. Each node contains three statistical values
(category, %, n) in addition to node number, category stands for
vitamin B12, iron, and folate intake, n stands for low and high
hemoglobin clusters in this category, and % is the percentage of
students in each cluster.

The CRT classification of hemoglobin in reference to vitamin
B12 is shown in Figure 1, the classification tree includes a total of
39 nodes with 20 terminal nodes. In each category, the population
of hemoglobin clusters differs significantly (all p < 0.05). The
estimated error of risk in the model is 0.439, and the standard
error (SE) is 0.007. The vitamin B12 intake was classified into
below and above RDA values, the below RDA group was classified
by locality, iron, gender, unhealthy food consumption, age, BMI,
and physical activity, while the above RDA group was classified
by gender, folate, age, iron, and locality. The below RDA node by
locality was classified into two groups, urban group and camp
and rural group, and the urban group was classified by iron

TABLE 4 | Distribution of study sample by hemoglobin clusters.

Hemoglobin clusters

Low (<12g/dl) High (≥12g/dl)

n (row%)

Total sample 2,211 (46.4) 2,551 (53.6)

Gender Boys 660 (41.9) 915 (58.1)**

Girls 1,551 (48.7)** 1,636 (51.3)

Age (years) 10–13 1,650 (47.8)** 1,802 (52.2)

14–17 559 (42.8) 746 (57.2)**

Locality Urban 865 (42.5) 1,172 (57.5)**

Rural 828 (50.2)** 822 (49.8)

Camp 518 (48.2) 557 (51.8)

mean ± SD

Hemoglobin level 11.85 ± 0.8 13.9 ± 0.8**

n, number of study sample; SD, standard deviation.

**p < 0.001.

intake (below and above RDA); the below group was classified
by gender and unhealthy food consumption. Girls reported a
higher percentage of low hemoglobin levels that were significant
with unhealthy food consumption. The camp and rural group
was further classified by gender. Boys were classified by age
group, whereas girls were classified by BMI and physical activity.
Other variables did not reach a significance of 0.05 and were not
included in the model, such as father’s and mother’s education,
healthy food consumption, and leisure time activity.

Figure 2 shows the hemoglobin clusters’ classification per iron
intake. The model includes a total of 39 nodes with 20 terminal
nodes. In each category, the population of hemoglobin clusters
differs significantly (all p < 0.05). The estimated error of risk in
the model is 0.441, and the SE is 0.007.

The iron intake was classified into below and above RDA
groups; the below group was classified by gender, locality, age
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TABLE 5 | Mean (±SD) distribution of nutrient intake by hemoglobin clusters.

Nutrient (unit) Hemoglobin clusters

Low (<12g/dl) High (≥12g/dl)

Energy (kcal) 2,207.7 ± 784.9 2,208 ± 809.6

Carbohydrates (g) 311.4 ± 114.7 311.5 ± 117.7

Protein (g) 75.9 ± 34.2 76.7 ± 35.5

Fat (g) 76.3 ± 34.2 76.1 ± 35.8

VitB12 (mcg) 2.1 ± 2.4 2.2 ± 2.5

Iron (mg) 17.1 ± 13 17.8 ± 13.5

Folate (mcg) 261.4 ± 188.9 263.6 ± 181.6

SD, standard deviation; kcal, kilocalories; g, grams; mcg, micrograms; Vit, vitamin.

TABLE 6 | Classification tree variables’ description.

Variable name Description Values

Gender Gender Boys, girls

Age Age Age (10–17 years)

FAS Economic status Low, medium, high

FatherEdu Father education ≤Secondary, >Secondary

MotherEdu Mother education ≤Secondary,>Secondary

HealthConsump Healthy food consumption Low, moderate, high

UnhealthyConsump Unhealthy food

consumption

Low, moderate, high

BMI Body mass index Underweight, normal,

overweight, or obese

Smoking Tobacco risk Yes, no

PA Physical activity Low, moderate, high

Calories Energy in kilocalories Mean

Carbs_g Carbohydrates in grams Mean

Protein_g Protein in grams Mean

Fatg Fat in grams Mean

Vitb12rda Vitamin B12 intake per

recommended dietary

allowance (RDA)

Below RDA, above RDA

FolatemcgRDA Folate intake per

recommended dietary

allowance (RDA)

Below RDA, above RDA

Ironmgrda Iron intake per

recommended dietary

allowance (RDA)

Below RDA, above RDA

group, unhealthy food consumption, BMI, physical activity,
and family income. The above group was classified by locality,
gender, folate intake, age group, physical activity, BMI, and
mother education. The below RDA group was further classified
by gender; the boys’ group were associated with age, while
the girls’ group were further classified by locality, in which
the urban residents group was associated with unhealthy food
consumption, whereas those who had high unhealthy food
consumption were classified by their family income. However,
camp and rural residents were classified by their BMI level,
and those who are overweight or obese were further classified
by their physical activity. Those who have normal BMI or are
underweight were classified by family income.

On the other hand, the above RDA group was classified
first by locality (camp and rural residents and urban residents).
Among the camp and rural residents group, the hemoglobin
level was affected by folate intake. In the left branch, those who
had low folate intake were classified by gender and then by
age. In students who had high folate intake, physical activity
was a significant factor, split into low, medium, and high levels,
which were classified by the BMI level. In the latter group,
those in the urban residence group were classified by gender,
and boys were classified by age, and younger students (10–13-
year-old) were further classified by the education level of their
mothers, respectively.

Figure 3 demonstrates the hemoglobin clusters’ classification
per folate intake. The model includes a total of 35 nodes with 18
terminal nodes. In each category, the population of hemoglobin
clusters differs significantly (all p < 0.05). The estimated error of
risk in the model is 0.441, and the SE is 0.007.

The folate intake was classified into below and above RDA
values, the below RDA group was classified by locality, age group,
physical activity, family income, and mother’s education. The
above RDA group was classified by locality, gender, age group,
vitamin B12 intake, iron intake, and mother’s education. Both
folate intakes above and below RDA values were first classified
by locality. On the left branch of the tree, the camp and rural
residents were classified per age. Older students (14–17 years)
were further classified by gender; boys were classified by their
residence in camp and rural areas. Younger students (10–13
years) were classified by physical activity; those who had either
low or high levels of physical activity were further classified
by their vitamin B12 intake. Residents of the urban were first
categorized by gender. Boys were classified by their age, where the
education of a mother was a significant factor in younger boys.
On the other hand, girls were first classified per their vitamin
B12 intake; those who had vitamin B12 intake below RDA were
further classified according to their iron intake. On the right
branch of the tree, those who had higher folate intake and lived
in camps or rural areas were classified based on their physical
activity levels. Those who had either low or medium levels were
affected by their family income. Furthermore, those with low
family income were classified by the education level of their
mothers. Those who lived in urban residences were only classified
by their age.

DISCUSSION

Anemia remains a major health concern among schoolchildren
(6). Almost half of the sample were found to have mean
hemoglobin levels below the WHO cutoff value for anemia
(1). The results of the present study indicate that there
is an interlinked association between nutritional intake and
sociodemographic factors in the development of the disease,
which is consistent with other studies (11, 18, 41). The
sole deficiency of certain nutrients is rarely found as a
single nutritional anemia associated factor. The CRT analysis
partitioned the sample’s hemoglobin clustered groups into
homogeneous subgroups, taking vitamin B12, iron, and folate
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FIGURE 1 | Classification and regression decision tree (CRT) analysis of anemia-associated risk factors as per vitamin B12 intake.

intakes as key splitting variables. The results indicate that two-
thirds of hemoglobin clusters were found to have a vitamin B12
intake below the RDA level and were significantly associated
with the place of residence factor. This result is consistent with
studies that associate living place and anemia among children
(26, 41, 53). Interestingly, our results indicate that weight and
physical activity are significant anemia-related factors in girls
living in camps and rural areas. Whereas, in urban areas,
iron intake and unhealthy food consumption were found to
be significant anemia-related factors, which could be explained
by the differences in lifestyle and eating habits between these
residences. Furthermore, girls in camps and rural areas spend
more indoor time than those in urban areas, which might lead
to limited access to physical activities and higher obesity rates
furthermore, this finding is consistent with other studies which
indicated that obesity is associated with vitamin B12 deficiency
and iron deficiency, therefore possible nutritional anemia
(54–57). The coexistence of these nutrients’ deficiencies has been
observed in other studies. Ahmed et al. have demonstrated the
prevalence of coexisting vitamin B12 and iron deficiencies among
adolescent girls, albeit in rural rather than urban areas as found
in our study (58). In boys, however, we have observed that the
anemia differs significantly across the urban and non-urban areas

by age, where younger boys have the higher rates of anemia.
This finding is inconsistent across studies. Research carried out in
Ethiopia, for example, has found that anemia levels are lower in
10–13-year-old boys than older adolescents (59); however, other
studies have demonstrated that anemia is higher among early
adolescent years (10–13 years) compared with the late adolescent
period (60). Another study in Nepal concluded that the anemia
level in older boys and girls (15–19 years) is higher than the
anemia level in younger children (61).

Even those who have an adequate vitamin B12 intake can
still be affected by other variables. It seems that, in this
group, iron intake is a significant factor in young boys, while
the hemoglobin levels of girls might be more affected by
folate intake. This emphasizes the need for a holistic approach
to nutrient intake enhancement when developing policies to
prevent nutritional anemia.

On the other hand, when we classified the anemic status with
iron intake, it seems that lower iron intake is higher in girls.
Furthermore, anemia in girls residing in urban areas is associated
with food consumption and family income, whereas in camps
and rural areas, it seems that obesity and lower physical activity
correspond with the higher rates of anemia. In boys, age again
is a major factor whatever their iron intake may be. Of note,
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FIGURE 2 | Classification and regression decision tree (CRT) analysis of anemia-associated risk factors as per iron intake.

folate intake seems to affect both boys and girls in non-urban
areas with adequate iron intake; however, it is more significant in
younger boys and older girls, respectively. This result coincides
with the literature, which has found that average folate intake in
girls differs by age (15) and between boys and girls, especially in
13–15-year-old children (62).

When we classified hemoglobin clusters by folate intake, there
were differences by locality across all levels of folate intake.
Younger children living in camps and rural areas who had a
lower intake of folate are affected by lower physical activity and
lower vitamin B12 intake. However, the hemoglobin levels of
older children in the same conditions are affected by age and
gender, where anemia is higher among girls. This may indicate
that focusing on the folate levels of girls in camps and rural
areas might significantly affect their anemic status. On examining
urbanite children with folate intake lower than the RDA, vitamin
B12 and iron intake are important factors, however, young
boys are particularly affected by the education of their mothers.
Unexpectedly, in this group,the hemoglobin level is higher in
boys whose mothers have a lower education. This could be
explained by the fact that mothers with lower education are most
likely housewives and spend more time with their children and

family, which might contribute to the better care of children’s
health and nutrition. This finding needs further investigation,
as the educational status of mothers is found to be positively
correlated with the lower odds of anemia across children in
numerous studies (26, 63, 64).

The K-means and CRT clustering and classification
techniques showed a different pattern of nutritional deficiencies
in reference to the hemoglobin results of schoolchildren. The
classification by vitamin B12 is associated with locality, iron,
gender, unhealthy food consumption, age, BMI, and physical
activity. The classification by iron intake is associated with
gender, locality, age group, unhealthy food consumption, BMI,
physical activity, and family income. The classification by folate
intake is associated with locality, age, gender, physical activity,
vitamin B12, locality, mother’s education, and iron intake.

The findings of this study have considerable implications
for researchers and policymakers to reduce the prevalence of
nutritional anemia. This study supports the implementation of
data mining and machine learning techniques in developing
AI solutions for the development of patient-specific anemia
prevention and intervention programs. As indicated, there
are several sociodemographic gaps that have to be taken
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FIGURE 3 | Classification and regression decision tree (CRT) analysis of anemia-associated risk factors as per folate intake.

into consideration when designing interventional strategies to
improve nutritional deficiencies. Overall, it seems that it is rather
important to address the vitamin B12, iron, and folate intake
in girls, while accounting for age, locality, food consumption
patterns, and physical activity levels, and focus on iron and
folate intake in young boys with consideration to the place of
residence. However, there are some limitations to our study,
namely, the use of a single 24-h recall interview, and the
nutrient was calculated from food intake rather than blood
biomarkers. Furthermore, the study sample only included the
schoolchildren age group and did not include the younger
age groups (<10 years). Hopefully, the findings of this study
might aid policymakers in signifying the population groups
requiring priority attention, what strategy to choose, and where
to allocate public resources, to customize intervention plans
based on the most significant factors involved in nutritional
anemia occurrence.
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Reciprocal family influences in the food domain have been little explored, particularly
during the COVID-19 pandemic. To fill in this gap, this study explored actor and partner
effects between parents’ food modeling and parents’ and their adolescent children’s
diet quality and satisfaction with food-related life (SWFoL); and the mediating role of
diet quality between modeling and SWFoL. This study used a cross-sectional design.
A sample of 430 different-sex dual-earner parents and one adolescent child were
recruited in Rancagua, Chile, between March and June 2020. Parents answered the
modeling dimension of the Comprehensive Feeding Practices Questionnaire. Parents
and adolescents answered the Adapted Healthy Eating Index (AHEI) and the SWFoL
Scale. Analyses were conducted using the Actor-Partner Interdependence Model and
structural equation modeling. Results showed that one parent’s modeling enhanced
diet quality for themselves, their partner, and the adolescents. Parents’ modeling was
associated with their own SWFoL, directly and via their own diet quality. There were
positive associations between mothers’ modeling and adolescents’ SWFoL; between
mothers’ diet quality and fathers’ SWFoL; and between mothers’ modeling and fathers’
SWFoL via the fathers’ diet quality. Parents’ modeling can improve the three family
members’ diet quality, while mothers’ modeling and diet quality showed to improve
fathers’ and adolescents’ SWFoL.

Keywords: food parenting practices, modeling, diet quality, satisfaction with food-related life, dual-earner
couples, adolescents
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INTRODUCTION

Parents use an array of techniques or behaviors to influence
what, when or how much their children eat. These techniques are
known as food parenting practices (FPP) and they can be used
by parents to promote healthy eating and prevent overweight
and obesity in their children (1, 2). Parents remain responsible
for feeding their children during adolescence (3, 4), but in
this life stage adolescents seek autonomy in all life spheres,
including the decisions regarding what and when to eat (5, 6).
Adolescents change their dietary behaviors, engaging more with
peers and eating outside the home (7, 8), and thus they decrease
their involvement in family meals and possibly increase their
consumption of convenience foods. These changes in adolescents’
eating habits have been found to contribute to a decline in diet
quality and to an increased weight gain risk for adolescents (7, 9).

The COVID-19 pandemic has brought on changes in how
parents apply FPP. Lockdown measures to reduce the risk of
contagion enforced changes in behavioral patterns, including diet
and eating habits (10, 11). Studies show that families get together
more frequently for meals during the pandemic (12–15), which
has entailed changes in how parents of young children exert FPP
(11, 14). Nevertheless, there are scarce studies into FPP during the
pandemic and their use on adolescents (11). Therefore, this study
focuses on the effects of parents’ modeling of healthy food choices
on their adolescent children. Modeling is one of the multiple
FPP in which parents can engage in Jennings et al. (16), and
it plays a vital role in shaping children’s food preferences (3,
5, 17). Using modeling to promote healthy eating involves an
active demonstration from parents to children (6, 18). Parents
thus become a point of reference on eating behaviors and can
influence children’s long-term food choices and eating habits
(19). The literature has reported positive relationships between
parents’ modeling of healthy food choices and diet outcomes
in adolescents (5, 9, 10, 20–24). These studies, however, have
focused on samples from developed countries (23, 25, 26), and
on mother-child dyads (17, 23, 25–29). Father-child dyads have
been less explored in terms of FPP. Evidence to date suggests
that fathers are becoming more involved in childcare tasks such
as feeding, partly due to the increase of dual-earner families
(15, 19, 28, 30, 31), and more markedly due to changes in
work-home dynamics in response to the COVID-19 pandemic
(13, 32).

Another gap in knowledge relates to the influence of parents’
FPP and family dietary behaviors. FPP may reflect parents’
eating habits (25, 29, 33–35), but it is not clear whether and
how parents’ dietary behaviors are linked to the FPP exerted
on adolescents (29). Most of the literature has also assumed a
unidirectional relationship between FPP and children’s dietary
behaviors, omitting the exploration of reciprocal influences
between parents and children (25, 35–37). Addressing the
reciprocity between parents and children’s eating behaviors can
help identify children’s eating and weight development processes
(25). This knowledge can inform overweight prevention and
intervention programs, particularly in contexts such as Chile,
where 60% of children, and three out of four adults, are
overweight or obese (38).

In samples of adolescents and adults, FPP aimed to implement
healthy eating habits have been linked to higher levels of
emotional wellbeing and satisfaction in the food domain (4, 39–
43). The latter construct, known as satisfaction with food-related
life [SWFoL, (44)], defines a person’s overall cognitive assessment
of their food and eating habits, covering from meal planning,
shopping and meal preparation, consumption, and disposal. To
the best of the authors’ knowledge, SWFoL has not been explored
in its relationships with parental modeling and diet quality at
a family level. This exploration becomes relevant, particularly
in dual-earner parents, because high job demands have been
associated with lower diet quality, not only for the worker but
also for their families, given that personal resources such as time
and energy are invested in workplace responsibilities instead of
on food-related tasks [e.g., (20, 45, 46)].

Against this background, this study examined the influence
of both parents’ modeling on their own diet quality and SWFoL,
and on their adolescent children’s diet quality and SWFoL. This
study was conducted in different-sex dual-earner parents with
adolescent children in a Latin American country during the
COVID-19 pandemic. Data was analyzed using the Actor-Partner
Interdependence Model [APIM, (47)] (Figure 1). Therefore,
the aims of this study were to explore the actor and partner
effects between the parents’ modeling and mothers’, fathers’, and
adolescents’ diet quality and SWFoL; and to explore whether diet
quality have a mediating role between both parents’ modeling and
the three family members’ SWFoL.

Relationships Between Parental
Modeling, Diet Quality and Satisfaction
With Food-Related Life
Studies regarding the impact of parental modeling on adolescent
children’s outcomes are scarce (23), but previous findings have
shown links between modeling of healthy food choices and
children’s healthy dietary intake (16, 23). Moreover, it has been
reported that parents’ food intake strongly predicts that of their
children (26). For instance, studies in the European Union and
the United States have shown that parental modeling of healthy
food choices is positively associated with dietary outcomes in
adolescents such as healthier diet (24, 48), greater intake of
fruits and vegetables (8, 21, 27, 48, 49), and fewer consumption
of sugar-sweetened beverages and palatable snack foods (5, 22,
27, 49).

Nevertheless, FPP may not only be related to children’s eating
habits, but to the eating habits of other family members (20).
Evidence from the United States and European countries indicate
a high correlation between parents’ and adolescents’ dietary
behaviors (33, 34), while parents’ FPP are consistent not only
with their adolescent children’s dietary behavior, but their own
diet (29). In different-sex couples, the literature also shows that
spouses can influence one another on their eating behaviors (50).
Findings in this line show that women are more influenced by
their male partner than vice versa, and this distinction has been
explained by women’s traditional gender socialization regarding
a higher sensitivity toward their partners than men (51, 52).
Nevertheless, men’s eating behaviors can also be influenced by
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FIGURE 1 | Basic actor-partner interdependence model of modeling and satisfaction with food-related life (SWFoL). Am, actor effect of father’s modeling on his own
SWFoL; Af, actor effect of mother’s modeling on her own SWFoL; Pfm, partner effect of father’s modeling on mother’s SWFoL; Pmf, partner effect of mothers’
modeling on fathers’ SWFoL; Ef and Em, residual errors on SWFoL for the father and mother, respectively.

their female partners (53). On this basis, we propose that parents’
modeling can influence not only their adolescent children’s diet
quality, but also their own and their partner’s, in the following
hypotheses:

H1. Parents’ modeling of healthy food choices is positively
associated with their own diet quality (actor effects).

H2. Modeling of healthy food choices of one parent is positively
associated with the diet quality of (a) the other parent and
(b) of the adolescent (partner effects).

Healthier eating habits have been positively associated with
higher levels of SWFoL in individual-level research in adults
[e.g., (36, 39, 40, 54–57)] and adolescents (39, 57, 58). At the
same time, findings show that eating behaviors and SWFoL are
correlated among family members (28, 29, 34, 36), and that
parents’ SWFoL is linked to healthy eating behaviors in the family
(36, 59). Therefore, it can be expected that parental modeling and
associated dietary outcomes are linked to both adolescents’ and
parents’ SWFoL, as proposed in the following hypotheses:

H3. Diet quality is positively associated with satisfaction with
food-related life for (a) fathers, (b) mothers, and (c)
adolescents (actor effects).

H4. Diet quality of one parent is positively associated with
satisfaction with food-related life of (a) the other parent,
and (b) the adolescent (partner effects).

H5. Diet quality of adolescents is positively associated
with their parents’ satisfaction with food-related life
(partner effects).

Outcomes of different FPP on adolescents’ and their parents’
wellbeing have been scarcely studied, but research to date shows
that structure-related and autonomy supporting FPP can benefit
both parents’ and children’s wellbeing (9, 41). This beneficial
relationship is thought to occur because these FPP are based
on a supportive parental approach to healthy eating that also
accounts for the child’s emotional and psychological needs (2,
25). Studies on monitoring and SWFoL and life satisfaction [i.e.,
the individual’s assessment of their overall life conditions or

specific domains, (60)] also support these findings. Some studies
have found that maternal monitoring of child snacking behavior
is linked to both mothers’ and adolescents’ SWFoL (39, 41).
Other studies have reported that structured meals, a healthy
food-home environment, and lack of pressure to eat increase
emotional wellbeing and life satisfaction in adolescent’s and their
parents (40, 43), and these relations continue during the COVID-
19 pandemic in young adults (12). Therefore, we propose that
modeling has a beneficial influence on parents’ and adolescents’
SWFoL, with crossover effects of modeling and SWFoL between
both parents:

H6. Modeling of healthy food choices is positively associated
with satisfaction with food-related life for each parent
(actor effects).

H7. Modeling of healthy food choices of one parent is positively
associated with satisfaction with food-related life of (a) the
other parent, and (b) of the adolescent (partner effects).

Figure 2 displays the conceptual model including the first
seven hypotheses. The effects proposed in H6 and H7 imply
that modeling of healthy food choices could lead to more
SWFoL independently of the effect of the modeling on diet
quality. To the best of our knowledge, there are no published
studies exploring the mediating role of diet quality between FPP
and SWFoL. Previous studies suggest mechanisms supporting
positive relationships between parental modeling and healthy
dietary intake in parents (29, 33, 34) and children (8, 21, 27, 48,
49); between healthier eating habits and higher levels of SWFoL in
samples of adults [e.g., (39, 50–57)] and adolescents (39, 57, 58);
and between parents’ SWFoL and their family members’ healthy
eating behaviors (36, 59, 61). On this base, we posed the last
hypothesis of this study:

H8. Diet quality has a mediating role between both parents’
modeling of healthy food choices and satisfaction with
food-related life for the three family members (actor and
partner effects).

One last consideration for this proposal derives from the
Latin American context in which this study is conducted. In
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FIGURE 2 | Conceptual model of the proposed actor and partner effects of both parent’s modeling on the three family members’ diet quality (measured by the
Adapted Healthy Eating Index, AHEI) and Satisfaction with Food-related Life (SWFoL) in dual-earner parents with adolescent children. Ef, Ec, and Em, residual errors
on SWFoL for the fathers, mothers and their adolescent children, respectively. The indirect effects of AHEI (H8) were not shown in the conceptual path diagram to
avoid cluttering the figure.

this cultural context, fathers tend to engage less in FPP than
mothers, because the latter are traditionally tasked with food
purchase and meal preparation (20, 28, 33, 34, 40). However,
other research with Latino families suggests that fathers can
also improve their children’s eating behaviors by exerting FPP,
buying and preparing foods, and participating in mealtimes (27,
34, 62). Another study reported gender differences in FPP and
established the differential roles that mothers and fathers play in
the development of their children’s eating habits (28). Thus, we
expect that the proposed associations between parental modeling,
diet quality and SWFoL may show different patterns based on the
parent’s gender.

MATERIALS AND METHODS

Sample and Procedure
This study used a cross-sectional design. The sample was
composed of 430 dual-earner families including mother, father
(married or cohabiting) and one adolescent child ages 10–16
(Table 1). This study is part of a wider research on the relations
between work, family, and food-related life in Chilean families.
Sample size was determined considering 10 participants for each
item of each scale used in this project. Families were recruited
using non-probability sampling in Rancagua, Chile. Potential
participants were contacted via seven schools that serve diverse
socioeconomic backgrounds in the city. School principals signed
authorization letters to conduct the research with students from
fifth grade of primary level (minimum age of 10 years) to
the first grade of secondary level (maximum age of 16 years).
Parents of students in these grades received information from

trained interviewers about the study’s objectives, the structure
of the questionnaire, and the guarantees of anonymity and
confidentiality of the responses.

Families who agreed to participate in the study provided one
e-mail address to receive the links to three surveys, one for
each family member, between March and July 2020. Trained
interviewers maintained contact with the families by phone, to
answer questions about the study and to monitor the responses
to the questionnaire. The COVID-19 pandemic was declared
by mid-March 2020 in Chile, and the city of Rancagua was on
mandatory lockdown during June and July 2020. However, most
workers in the country, particularly women, began to work from
home at the start of the pandemic (32).

For mothers and fathers, the first page of the questionnaire
showed the informed consent form, while for adolescents it
showed an informed assent form. The three family members were
asked to click a box to confirm their agreement to participate
before starting the questionnaire. All responses were recorded
in the QuestionPro platform (QuestionPro Inc.) in separate
databases for each family member. When the three family
members submitted their responses, the family received a bank
transfer for 15 USD as retribution for their participation.

A pilot test for this study was conducted with fifty families
in Temuco, Chile. The recruitment method and data collection
procedure were the same as the ones declared above. Results of
this pilot test were satisfactory, with no changes required to the
method nor the questionnaire. This study has been approved by
The Ethics Committee of the Universidad de La Frontera.

Measures
The following scale was answered only by mothers and fathers:
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TABLE 1 | Sample characteristics (n = 430).

Characteristic Total sample P-valuea

Age [Mean (SD)]a

Mother 39.5 (6.6) <0.001

Father 42.3 (7.8)

Adolescent 13.0 (2.0)

Adolescents’ gender [%, (n)]

Male 46.3 (199)

Female 53.7 (231)

Number of family members [Mean (SD)] 4.3 (1.0)

Number of children [Mean (SD)] 2.2 (0.8)

Socioeconomic status [%, (n)]

High 3.7 (57)

Middle 83.0 (357)

Low 3.7 (16)

Number of days/week families ate together
[Mean (SD)]

Breakfast 3.5 (2.7)

Lunch 4.9 (2.4)

Supper 6.0 (1.9)

Dinner 2.2 (3.1)

Number of days/week families eat different
types of foods [Mean (SD)]

Homemade foods 6.4 (1.3)

Buy ready-to eat food 0.4 (1.2)

Order food at home 0.6 (0.7)

Eat at restaurants 0.2 (0.5)

Eat at fast-food outlets 0.3 (0.6)

Number of hours per day spent cooking during
the week [Mean (SD)]b

Mother 2.6 (1.3) <0.001

Father 1.2 (1.3)

Another person 0.9 (1.5)

Number of hours per day spent cooking on the
weekend [Mean (SD)]b

Mother 3.1 (1.6) <0.001

Father 1.7 (1.4)

Another person 0.7 (1.2)

Type of employment [%, (n)]c <0.001

Woman employee 62.8 (270)

Woman self-employed 37.2 (160)

Man employee 75.3 (324)

Man self-employed 24.7 (106)

Working hours [%, (n)]c

Woman working 45 h per week 44.0 (189) <0.001

Woman less than 45 h per week 56.0 (241)

Man working 45 h per week 67.2 (289)

Man working less than 45 h per week 32.8 (141)

a Independent sample t-test.
bAnalysis of variance.
cP-value corresponds to the (bilateral) asymptotic significance obtained in
Pearson’s Chi-square Test.

Modeling of Healthy Food Choices
Four items were adapted from the modeling factor of the
Comprehensive Feeding Practices Questionnaire (CFPQ). The
CFPQ (18) is a 12-factor questionnaire that measures 12

FPP, including the modeling dimension. Mothers and fathers
answered the validated adapted version of the modeling factor
(6) for adolescents’ parents, which measures that “parents actively
demonstrate healthy eating for the child” (i.e., 1. “I model healthy
eating for my child by eating healthy myself,” 2. “I try to eat
healthy foods in front of my child, even if they are not my
favorite,” 3. “I try to show enthusiasm about healthy foods,” 4.
“I show my child how much I enjoy eating healthy foods”).
Melbye and Hansen (63) reported a Cronbach’s alpha of 0.66
for the modeling dimension of the adapted CFPQ in a sample
of parents of adolescents in Norway. In this study, the Spanish
adapted version of this measure was used (64). Participants
answered to each item using a 5-point Likert scale (1: disagree,
5: agree). Modeling scores were obtained by summing the scores
from the four items, with higher scores representing higher
modeling in parents.

The three family members answered the following
instruments:

Adapted Healthy Eating Index
This instrument measures diet quality and is an adaption of the
US-HEI (65) into Spanish developed by Norte and Ortiz (66).
Participants are asked to report the frequency of consumption
of nine food groups: 1. Cereal and derivatives; 2. Vegetables;
3. Fruit; 4. Milk and dairy products; 5. Meats; 6. Legumes; 7.
Sausages and cold meats; 8. Sweets, 9. Soft drinks with sugar. The
frequency for each food group is converted to a score from 0 to
10, as proposed by Norte and Ortiz (66) following the degree of
compliance with food daily and weekly recommendations. For
the first nine variables, respondents indicated their consumption
frequency of the target food. Each variable received a score,
ranging from 0 to 10, according to the degree of compliance with
dietary recommendations [criteria is available in reference (66)].
The last variable, relating to diet variety, is constructed using
the consumption frequency of the nine target foods: two points
were received if the respondent complied with each of the daily
recommendations and one point was received if he/she complied
with each of the weekly recommendations. The overall Adapted
Healthy Eating Index (AHEI) score was calculated by adding
the scores obtained in each of the variables. The maximum
possible score is of 100 points. Scores above 80 points indicate
a “healthy” diet; scores between 51 and 80 points suggest that
the diet “requires changes”; and scores below 50 points indicate
“unhealthy” diets (65).

Satisfaction With Food-Related Life
The SWFoL (44) is a one-dimension, five-item scale that
measures an individual’s overall assessment of their food and
eating habits (e.g., “Food and meals are very positive elements
in your life”). The Spanish version of the SWFoL was used
(67), which has been validated and it has shown good internal
consistency in samples of adults, adolescents and dual-earner
parents in Chile [e.g., (4, 15, 32, 36, 39–41, 57, 61)]. Respondents
indicate their degree of agreement with each statement using a
6-point Likert scale (1: completely disagree; 6: completely agree).
SWFoL scores are obtained by summing the scores from the five
items, and higher scores indicate higher SWFoL.
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The three family members reported their age; adolescents
reported their gender. Parents answered questions about their
type of employment, the number of working hours per week and
their monthly income. Mothers reported the number of family
members, the number of children, the number of days per week
that all family members eat together (breakfast, lunch, supper,
and dinner); the number of days per week that they consumed
homemade food, buy ready-to-eat food, order food at home, or
eat at restaurants or fast-food outlets; and the number of hours
per day that they, their male partner and other person spent
cooking during the week and on weekends. They were asked
their own approximate weight and height as well as from the
fathers and the children to determine body mass index (BMI) in
kg/m2. The family socioeconomic status (SES) was determined
based on the total household income and its size. The definition
of SES in Chile considers two variables: total household income
and household size. Total household income is the fundamental
variable for socioeconomic segmentation, due to its predictive
power on access to goods and services, and because the inverse
relationship is much weaker: access to goods and services is not
a good predictor of income. The size of the household exerts a
restriction on purchasing power: When an additional member
is added to the household without increasing income, basic
expenses increase albeit in a sub-proportionate way considering
economies of scale. The combination of ranges of the household
monthly income and the number of family members in a matrix
determines the SES (68).

Data Analysis
Descriptive analyses were conducted using the Statistical Package
for Social Sciences (SPSS) version 23.0 (IBM Corp. Released
2015. IBM SPSS Statistics for Windows, Armonk, NY: IBM
Corp). The actor-partner interdependence model (APIM) with
distinguishable dyads was tested using structural equation
modeling (SEM) (47) with Mplus 8.4. In this study, actor
effects are those outcomes predicted by the individuals’ own
characteristics, while partner effects are outcomes from one
member of the dyad predicted by the characteristics of the other
member. Members of a dyad are both an actor and a partner
in the analysis. In this study, dyads are composed of mother-
father, and parent-adolescent. The actor and partner effects tested
were modeling from mothers and fathers, and the three family
members’ diet quality and SWFoL.

In the APIM, other effects were controlled for. First, the
influence of modeling from one parent to the other was
controlled for by specifying a correlation between this variable
reported by each parent. Other sources of interdependence
between individuals were controlled for following guidelines
by Kenny et al. (47), by specifying correlations between the
residual errors of the dependent variable (SWFoL) of the
three family members. Other effects that were controlled for
were those of family SES, number of children, parents’ and
adolescents’ age, both parents’ number of working hours and
type of employment, and family supper times per week. These
variables with direct effects on the dependent variables of the
three family members (diet quality and SWFoL) were thus
incorporated in the model.

To conduct the SEM, structural model parameters were
estimated using weighted least square mean and variance
adjusted (WLSMV). Because the items were on an ordinal scale,
the polychoric correlation matrix was used. A good model fit
of the data was determined with the following values: when
values are above 0.95 for the Tucker-Lewis index (TLI) and the
comparative fit index (CFI); and when values are below 0.06 for
the root mean square error of approximation [RMSEA, (69)].
Lastly, to test the mediating role of diet quality, a SEM through
a bias-corrected (BC) bootstrap confidence interval using 1,000
samples (70) was conducted. A mediating role is found when BC
confidence intervals do not include zero.

RESULTS

Sample Description
Table 1 shows the sociodemographic characteristics of the
sample composed by 430 mother-father-adolescent families.
The average age for mothers was 39.5 years old, for fathers
42.3 years, and for adolescents 13.0 years. The difference between
mothers’ and fathers’ age was significant (p < 0.001). In the
adolescent subsample, 53.7% were female. On average, families
had four members and two children, and most families belonged
to a middle SES.

Reports about frequency of family meals showed that families
got together for breakfast, lunch, and supper more than 3 days
per week, and homemade food was consumed frequently. The
main responsibility for food decision-making and purchases in
the household was most often shared by both parents, followed by
mothers having main responsibility. Mothers spent significantly
more hours per day cooking during the week and on weekends,
compared to fathers and other persons (p < 0.001), and fathers
spent more hours in this same activity than other persons.
“Other persons” referred most frequently to grandmothers,
adult children, and domestic service. Most mothers and fathers
were employees as opposed to independent workers. A greater
proportion of fathers, compared to mothers, worked full time
(45 h per week in Chile, p < 0.001) and were employees
(p < 0.001).

In terms of body mass index, following the norms of the World
Health Organization (WHO), 28.4% of mothers had a body
mass index in the normal range (BMI: 18.5–24.9), 44.2% were
overweight (BMI: 25.0–29.9) and 27.9% were obese (BMI ≥ 30).
In fathers, 16.3% had a body mass index in the normal range,
57.0% were overweight, and 26.7% were obese. For adolescents,
the guidelines used are those from the WHO (71) and the
Technical Norm of Nutritional Evaluation of children from 5 to
19 years old of the Ministry of Health of Chile (72). According to
these guidelines, 0.5% of adolescents in this sample had a body
mass index that denote thinness (≤ −1 to −1.9 SD), 27.9% were
in the normal range (+0.9 to −0.9 SD), 44.2% were overweight
(≥+1 to + 1.9 SD), and 27.4% obese (≥ + 2 SD).

Table 2 shows the average score and the correlations for
both parents’ modeling, diet quality (measured by the AHEI)
and SWFoL. All of the correlations were significant and in the
expected directions. Mothers scored significantly higher than
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TABLE 2 | Descriptive statistics and correlations for both parent’s modeling and the three family members’ diet quality (measured by the Adapted Healthy Eating Index,
AHEI) and Satisfaction with Food-related Life (SWFoL) in dual-earner parents with adolescent children (n = 430).

M (SD) Correlations

1 2 3 4 5 6 7 8

1. Mother’s modeling 16.32 (3.20) − 0.328*** 0.392*** 0.210*** 0.236*** 0.267*** 0.193*** 0.199***

2. Father’s modeling 15.25 (2.91) 1 0.208*** 0.311*** 0.152*** 0.129** 0.358*** 0.177***

3. Mother’s AHEI 65.07 (12.52) 1 0.500*** 0.593*** 0.309*** 0.124** 0.220***

4. Father’s AHEI 60.89 (14.10) 1 0.508*** 0.146** 0.303*** 0.125**

5. Adolescent’s AHEI 64.78 (14.36) 1 0.124** 0.189*** 0.164**

6. Mother’s SWFoL 22.13 (4.52) 1 0.303*** 0.298***

7. Father’s SWFoL 23.13 (4.30) 1 0.351***

8. Adolescent’s SWFoL 23.94 (4.35) 1

**p < 0.01, ***p < 0.001.

fathers in modeling (t = 4.421, p < 0.001). Fathers scored
significantly lower than mothers and their adolescent children
in the AHEI (F = 12.524, p ≥ 0.001), whereas mothers and
adolescents did not differ from one another. However, according
to the cut-off point proposed by Kennedy et al. (65), the three
family members had AHEI average scores indicating that their
diet “requires changes.” Adolescents scored significantly higher
than their mothers and fathers in the SWFoL (F = 18.321
p < 0.001), while fathers scored significantly higher than mothers.

Actor-Partner Interdependence Model
Results: Testing Actor-Partner
Hypotheses
In this study, the standardized factor loadings of the modeling
factor ranged from0.732 to 0.933 for mothers and from 0.818
to 0.909 for fathers, all statistically significant (p < 0.001). The
Average Variance Extracted (AVE) values were higher than 0.50
(AVE mothers = 0.71, fathers = 0.76). The modeling factor
showed good internal reliability, as the Omega coefficient was
0.91 for mothers and 0.93 for fathers. The standardized factor
loadings of the SWFoL scale were all statistically significant
(p < 0.001), and ranged from 0.681 to 0.930 for mothers, from
0.597 to 0.931 for fathers, and from 0.655 to 0.847 for adolescents.
The AVE values were higher than 0.50 (AVE mothers = 0.63,
fathers = 0.63, adolescents = 0.58). The SWFoL scale showed good
internal reliability, as the Omega coefficient was 0.89 for mothers,
0.89 for fathers, and 0.87 for adolescents.

The results from the estimation of the structural model
are shown in Figure 3. The model that assessed the APIM
associations between the mothers’ and fathers’ modeling and the
three family members’ AHEI and SWFoL had a good fit with the
data (CFI = 0.983; TLI = 0.978; RMSEA = 0.036). A significant
correlation (covariance) was found between modeling of both
parents (r = 0.397, p < 0.001). Significant correlations were also
found between the residual errors of mothers’ and fathers’ SWFoL
(r = 0.377, p < 0.001), between mothers’ and adolescents’ SWFoL
(r = 0.293, p < 0.001), as well as between fathers’ and adolescents’
SWFoL (r = 0.359, p < 0.001).

H1 tested actor effects, stating that parents’ modeling of
healthy food choices is positively associated with their own diet

quality. The path coefficients (standardized) indicate that fathers’
(γ = 0.307, p < 0.001) and mothers’ (γ = 0.382, p < 0.001)
modeling was positively associated with their own AHEI. These
findings supported H1 for both parents.

H2 tested partner effects, stating that modeling of healthy
food choices of one parent is positively associated with the diet
quality of the other parent (H2a) and of the adolescent (H2b).
Results showed that fathers’ modeling was positively associated
with mothers’ AHEI (γ = 0.086, p = 0.044), and that mothers’
modeling was positively associated with fathers’ AHEI (γ = 0.122,
p = 0.010). Likewise, fathers’ (γ = 0.143, p = 0.003) and mothers’
(γ = 0.242, p < 0.001) modeling was positively associated with
adolescents’ AHEI. These findings supported H2a and H2b.

H3 tested actor effects for the three family members, that is,
diet quality is positively associated with SWFoL for fathers (H3a),
mothers (H3b), and adolescents (H3c). The results indicate that
fathers’ (γ = 0.220 p = 0.018) and mothers’ (γ = 0.262, p = 0.001)
AHEI was positively associated with their own SWFoL. By
contrast, adolescents’ AHEI was not significantly associated with
their own SWFoL (γ = 0.062, p = 0.297). These findings supported
H3 for both parents (H3a and H3b) but not for adolescents (H3c).

H4 tested partner effects, stating that the diet quality of
one parent is positively associated with the SWFoL of the
other parent (H4a) and of the adolescent (H4b). Fathers’
AHEI was not significantly associated with mothers’ SWFoL
(γ = −0.001, p = 0.990), nor with their adolescent children’s
SWFoL (γ = −0.017, p = 0.768). The mother’s AHEI was
positively associated with the father’s (γ = 0.127, p = 0.049),
but not with their adolescent children’s (γ = 0.130, p = 0.051)
SWFoL. These findings partially supported H4a, while they did
not support H4b.

H5 stated that adolescents’ diet quality is positively associated
with their parents’ satisfaction with food-related life. The
adolescents’ diet quality was not significantly associated with the
fathers’ SWFoL (γ = 0.054, p = 0.326), but it was positively
associated with their mothers’ SWFoL (γ = 0.127, p = 0.040), and
thus H5 was partially supported.

H6 stated that modeling of healthy food choices is positively
associated with satisfaction with food-related life for each parent.
This relationship can be direct and/or mediated by diet quality.
As shown in Figure 3, the path coefficients indicate that fathers’
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FIGURE 3 | Actor-partner interdependence model of the effect of both parents’ modeling on the three family members’ diet quality (measured by the Adapted
Healthy Eating Index, AHEI) and Satisfaction with Food-related Life (SWFoL) in dual-earner parents with adolescent children. Ef, Ec and Em, residual errors on
SWFoL for fathers, mothers and their adolescent children, respectively. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001. The control for the effects of family SES, number of
children, parents’ and adolescents’ age, both parents’ number of working hours and type of employment, and times per week in which the family members had
supper together on the dependent variables of the three family members (AHEI and SWFoL) were not shown in the path diagram to avoid cluttering the figure.

(γ = 0.368, p < 0.001) and mothers’ (γ = 0.292, p < 0.001)
modeling was directly and positively associated with their own
SWFoL. These findings supported H6 for both parents even when
not taking the possible mediation effect into account.

H7 examined partner effects, stating that modeling of healthy
food choices of one parent is positively associated with the
SWFoL of the other parent (H7a) and of the adolescent (H7b).
There was no significant direct link between fathers’ modeling
and mothers’ SWFoL (γ = 0.014, p = 0.798). Likewise, there was
no significant direct link between mothers’ modeling and fathers’
SWFoL (γ = 0.078, p = 0.193). While fathers’ modeling (γ = 0.115,
p = 0.064) was not directly associated with the adolescents’
SWFoL, mothers’ modeling was positively and directly associated
with the adolescents’ SWFoL (γ = 0.155, p = 0.015). Before
establishing a conclusion about H7, however, indirect effects must
be explored in which the relationship between modeling and
SWFoL is mediated by diet quality (H8).

Most of the control variables did not affect the model
significantly (see Supplementary Information). The family SES
positively affected the mothers’ (γ = 0.170, p < 0.01) and the
adolescents’ (γ = 0.128, p < 0.05) AHEI as well as the mothers’
SWFoL (γ = 0.134, p < 0.01). Namely, those mothers belonging
to the high SES had a higher score on the AHEI and experienced
higher levels of SWFoL than those of lower SES, while adolescents
belonging to the high SES had a higher score on the AHEI
than those of lower SES. The mothers’ type of employment
positively affected her own (γ = 0.116, p < 0.05) and their
adolescent children’s AHEI (γ = 0.118, p < 0.05), meaning
that self-employed mothers and their adolescent children had
higher AHEI scores than employed mothers and their adolescent

children. The number of family supper times per week positively
affected the adolescents’ AHEI (γ = 0.106, p < 0.05) and the
fathers’ SWFoL (γ = 0.110, p < 0.05).

Testing Mediating Roles of Diet Quality
The last hypothesis of this study proposed the mediating
role of the three family members’ diet quality between both
parents’ modeling of healthy food choices and the three family
members’ satisfaction with food related life (H8). The role
of the mother’s diet quality (i.e., AHEI score) as a mediator
in the relationship between her own modeling and SWFoL
was supported by a significant indirect effect obtained with
the bootstrapping confidence interval procedure (standardized
indirect effect = 0.062, 95% CI = 0.028, 0.097), as the confidence
intervals did not include zero (Table 3). Similarly, the role of the
father’s diet quality as a mediator in the relationship between his
own modeling and SWFoL was supported by a significant indirect
effect (standardized indirect effect = 0.034, 95% CI = 0.016,
0.053). In addition, the role of the father’s diet quality as a
mediator in the relationship between the mother’s modeling and
the father’s SWFoL was supported by a significant indirect effect
(standardized indirect effect = 0.016, 95% CI = 0.001, 0.031). No
other indirect effects of diet quality were found, as the confidence
intervals did include zero (Table 3).

As we find neither direct nor indirect effects of parents’
modeling on the partners SWFoL, H7a is not supported. H7b is
supported only for mothers. In addition, we find that the effect
of parents’ modeling on their own SWFoL is partly mediated by
their diet quality. These findings partially support the mediating
role of diet quality between parents’ modeling and their own
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TABLE 3 | Bias-corrected confidence intervals of specific mediation effects of the three family members’ diet quality (measured by the Adapted Healthy
Eating Index, AHEI).

Specific indirect effects Estimate Lower 2.5% Upper 2.5% P-value

Mothers’ modeling→ Mothers’ AHEI→ Mothers’ SWFoL 0.062 0.028 0.097 <0.001**

Mothers’ modeling→ Fathers’ AHEI→ Mothers’ SWFoL 0.000 −0.008 0.008 0.990

Mothers’ modeling→ Adolescents’ AHEI→ Mothers’ SWFoL 0.019 −0.002 0.040 0.073

Fathers’ modeling→ Mothers’ AHEI→ Mothers’ SWFoL 0.012 −0.001 0.025 0.073

Fathers’ modeling→ Fathers’ AHEI→ Mothers’ SWFoL 0.000 −0.017 0.017 0.990

Fathers’ modeling→ Adolescents’ AHEI→ Mothers’ SWFoL 0.009 −0.001 0.020 0.079

Mothers’ modeling→ Mothers’ AHEI→ Fathers’ SWFoL 0.030 −0.001 0.060 0.054

Mothers’ modeling→ Fathers’ AHEI→ Fathers’ SWFoL 0.016 0.001 0.031 0.031*

Mothers’ modeling→ Adolescents’ AHEI→ Fathers’ SWFoL 0.008 −0.008 0.024 0.331

Fathers’ modeling→ Mothers’ AHEI→ Fathers’ SWFoL 0.006 −0.002 0.013 0.161

Fathers’ modeling→ Fathers’ AHEI→ Fathers’ SWFoL 0.034 0.016 0.053 <0.001***

Fathers’ modeling→ Adolescents’ AHEI→ Fathers’ SWFoL 0.004 −0.005 0.012 0.362

Mothers’ modeling→ Mothers’ AHEI→ Adolescents’ SWFoL 0.033 −0.001 0.066 0.059

Mothers’ modeling→ Fathers’ AHEI→ Adolescents’ SWFoL −0.001 −0.010 −0.008 0.769

Mothers’ modeling→ Adolescents’ AHEI→ Adolescents’ SWFoL 0.010 −0.009 0.028 0.298

Fathers’ modeling→ Mothers’ AHEI→ Adolescents’ SWFoL 0.006 −0.005 0.015 0.165

Fathers’ modeling→ Fathers’ AHEI→ Adolescents’ SWFoL −0.003 −0.022 0.016 0.769

Fathers’ modeling→ Adolescents’ AHEI→ Adolescents’ SWFoL 0.005 −0.005 0.015 0.327

SWFoL, Satisfaction with food-related life.
*p < 0.05, **p < 0.01, ***p < 0.001.

SWFoL, while they did not support the mediating role of the
adolescent’s diet quality.

DISCUSSION

Focusing on different-sex dual-earner parents with adolescent
children, this study tested the actor and partner effects between
parents’ modeling and the three family members’ diet quality
and SWFoL; and whether diet quality has a mediating role
between both parents’ modeling and the three family members’
SWFoL. Using the APIM approach, our results showed that both
mothers’ and fathers’ modeling can enhance their own and their
adolescents’ diet quality, whereas one parent’s modeling also
improves the other parent’s diet quality, regardless of the parents’
gender. Modeling and higher diet quality are directly associated
with higher SWFoL in both parents. However, different patterns
emerged in the direct and indirect links between modeling, diet
quality and SWFoL according to the parent’s gender. Findings are
discussed in detail below by examining actor and partner effects,
and the mediating role of diet quality.

Actor Effects
A positive relationship was found between each parent’s modeling
of healthy food choices and their own diet quality (H1). These
results provide support to the findings reported by Fleary and
Ettiene (29) showing that parents’ FPP are indicative of their own
dietary behavior, focusing on fruit and vegetable consumption
in a sample of parent-adolescent dyads in the US. Our results
expand on this knowledge by showing that parental modeling
is another structured FPP that is indicative of parents’ dietary
behavior. It should be noted, however, that these results are

framed within the first months of the COVID-19 pandemic.
The frequency of family meals reported in this study was higher
than the one observed in studies conducted in Chile before the
pandemic (36, 39), while the frequency of homemade meals was
high. Therefore, the positive relationship between both parents’
modeling and their own diet may be related to the higher
frequency of family meals during lockdown, which have been
associated with healthier eating behaviors in different countries
(11, 12, 14).

The second hypothesis testing actor effects stated that diet
quality is positively associated with SWFoL for fathers (H3a)
mothers (H3b), and adolescents (H3c). This hypothesis was
supported for mothers and fathers, supporting previous studies
showing that healthier eating habits are positively associated
with higher levels of SWFoL in adult samples [e.g., (36, 39,
54–57)]. However, the lack of association between adolescents’
healthier diet and SWFoL contradicts previous studies in
adolescent samples from different countries (39, 57, 58). Possible
explanations to this latter finding may be related to shifting
food preferences during the adolescence, or to changes due to
the pandemic. The search for independence in adolescents also
occurs in the food domain, as they increasingly choose what to
eat and where, when and with whom (5, 6, 9). Research has also
shown that adolescents prioritize hedonic food consumption over
a healthy and nutritious consumption, and that they associate
eating unhealthy/tastier food with higher SWFoL (59). Moreover,
during the pandemic, adolescents have remained closer to their
parents and away from their peers (73), so their diet might have
depended more on what they are served (i.e., healthier food)
rather than on what they want (i.e., enjoyable food).

Lastly, actor effects showed that modeling of healthy food
choices is positively associated with SWFoL, for mothers and
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fathers (H6). Hence, part of this effect is observed because
modeling is reflective of parents’ own eating behaviors, and
these eating behaviors, in turn, result in higher levels of SWFoL
(36, 39, 54–57). The direct, unmediated effect of both parents’
modeling on their own SWFoL may be related to the possibility
of improving their children’s diet quality and wellbeing (2, 25).
Overall, these findings are notable because they indicate that
another structured FPP (i.e., parental modeling) directly and
positively influences parents’ SWFoL. This result contributes to
knowledge regarding FPP and their potential link to higher levels
of SWFoL in parents (4, 39, 41–43).

Our results also show that both mothers’ and fathers’ SWFoL is
positively influenced by exerting a positive FPP. The association
for fathers was of medium strength, while the same association in
mothers was of low strength. Although further research is needed
regarding the association between fathers’ FPP and their own
SWFoL, it is feasible that this result may be reflecting a higher
concern of fathers in engaging in healthy eating behaviors during
the pandemic, as it has been reported in different countries (13,
32). However, it is also possible that fathers’ modeling increased
during the pandemic in keeping with a higher frequency of
family meals in comparison to the pre-pandemic period (36, 39).
A higher frequency of family meals has been also associated with
healthier diets (11, 12, 14) and with higher emotional wellbeing
during the pandemic in young adults from the US (12). Thus,
future research is needed to corroborate if the medium strength
association between fathers’ modeling and their own SWFoL
remains beyond the pandemic or whether it is a consequence
of the pandemic.

Partner Effects
The first hypothesis testing partner effects stated that modeling
of healthy food choices of one parent is positively associated with
the diet quality of the other parent (H2a) and of the adolescent
(H2b). Hypothesis 2a was supported for both parents, as mothers’
modeling positively influenced the fathers’ diet quality, and vice
versa. These results show that modeling exerted by one parent
to enhance children’s diet quality also positively influences the
other parent’s diet quality, regardless of the parent’s gender (50,
53). However, our results contradict previous studies reporting
that women are more influenced by their partner than men
(51, 52), as the association between mothers’ modeling and
the fathers’ diet quality was of similar strength in comparison
with the association between fathers’ modeling and the mothers’
diet quality. Therefore, both parents’ modeling is important to
enhance the diet quality of both members of the couple.

Mothers’ and fathers’ modeling was also positively related
to their adolescent children’s diet quality (H2b). This result
supports previous studies reporting that modeling is associated
with an improvement in the adolescents’ diet quality, a higher
consumption of healthy foods, and with lower consumption of
unhealthy foods, mainly in samples of mother-adolescent dyads
in developed countries (8, 22, 24, 48, 49). Our results also
provide support to the scarce evidence showing that fathers’
modeling is related to positive dietary outcomes in adolescents
(27, 34). Furthermore, the positive association between both
parents’ modeling and their adolescent children’s diet quality

also provides support to the findings reported by Jaeger et al.
(21), who found that both parents reported similar levels of
modeling to promote healthier eating habits (fruit and vegetable
consumption) in their adolescent children. Thus, although
research have highlighted the important role that mothers play
in explaining their children’s food intake (20, 28, 33, 34, 41),
our results support that both parents have a role in modeling
healthy food-related behaviors among youth (27). The fathers’
modeling influence on their adolescent children’s diet quality may
indicate an increased involvement of fathers in their children’s
eating habits (19, 28, 30, 31), linked to societal changes in terms of
gender roles, or it may be associated with the pandemic. The latter
option, an increase in the fathers’ involvement in food-related
tasks, has been consistently reported in the early stages of this
health crisis (13, 32). Therefore, as it was previously posed, future
research should assess if the positive association between fathers’
modeling and diet quality remains after the pandemic.

Actor effects were of medium strength (i.e., the influence
of each parent’s modeling on their own diet quality), while
partner effects were of low strength (i.e., the influence of one
parent’s modeling on the other parent’s diet quality, as well
as the influence of each parent’s modeling on their adolescent
children’s diet quality). Although previous research using the
APIM approach to study reciprocal influences among members
of a dyad or between family members have reported similar
results (32, 74), this finding is notable considering that FPP
are used by parents to influence their children’s eating habits.
By contrast, our results suggest that parent’s modeling have
a stronger influence on their own diet quality than on their
adolescent children’s diet quality.

The second hypothesis testing partner effects posed that diet
quality of one parent is positively associated with SWFoL of the
other parent (H4a) and of the adolescents (H4b). Hypothesis 4a
was partially supported, as the mothers’ diet quality positively
influenced the fathers’ SWFoL, but not vice versa, while
hypothesis 4b was not supported. A possible explanation for
this result may be related to the lower AHEI scores (indicating
diet quality) in fathers. Although all three family members
had AHEI scores in the range that their diet quality “requires
changes,” fathers’ diet quality is the worst among the three
family members under study. Therefore, it can be hypothesized
that the improvement of the fathers’ diet quality associated
with their own modeling is not enough to positively influence
the mothers’ SWFoL, while a similar explanation may be true
in the opposite direction, meaning that mothers’ diet quality
positively influences fathers’ SWFoL because mothers have a
higher diet quality than fathers. Regarding hypothesis 4a, the lack
of significant associations between both parents’ diet quality and
their adolescent children’s SWFoL is probably associated with
their increased autonomy in food choices during adolescence
(5, 6, 9). However, as the adolescent children’s SWFoL was
also not influenced by their own diet quality (actor effects),
the probability of the existence of partner effects is almost
inexistent (74).

Hypothesis 5 also tested partner effects but in the opposite
direction, stating that diet quality of adolescents is positively
associated with their parents’ SWFoL. This hypothesis was
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supported only for mothers. The results suggest that traditional
gender-based demands and expectations remain, particularly
in the Latin American context, where feeding children is still
predominantly female labor even if mothers and other female
caretakers have paid employment (20, 28, 33, 34, 41). It thus
may be the case for these women that if they can perform
as well at work than as in food-related tasks, including the
promotion of healthy eating habits in their adolescent children,
their self-confidence may be reinforced, positively influencing
their SWFoL (75).

Hypothesis 7 stated that modeling of healthy food choices of
one parent is positively associated with the SWFoL of the other
parent (H7a) and of the adolescent (H7b). Whereas hypothesis
7a was not supported for mothers and fathers, hypothesis 7b was
partially supported. Only the mothers’ modeling was related to
their adolescent children’s SWFoL, and this relationship was not
mediated by the adolescent’s quality of diet. Previous evidence
on crossover effects involving SWFoL is mixed, with lack of
significant partner effects in some studies (75), others reporting
at least an asymmetrical partner effect [from women to men,
(61)], and symmetrical partner effects [from women to men, and
from men to women, (76)] in dual-earner couples. Therefore,
it is possible to suggest that crossover relationships involving
SWFoL are associated with the variables under study, as it has
been reported by Yucel and Latshaw (77) regarding crossover
effects in the work-family interface among couples. Nevertheless,
it is also possible that the relationship between both parents’
modeling and SWFoL may occur by underlying mechanisms, as
discussed below.

Regarding the positive crossover association between mothers’
modeling and their adolescent children’s SWFoL, one possible
explanation for these results may be associated with the different
socialization practices and social roles for women and men. The
positive association between mothers’ modeling and adolescents’
SWFoL may be due to adolescents’ perception that their mothers
are fulfilling their gender role, while the lack of relationship
between fathers’ modeling and their adolescent children’s SWFoL
may be reflecting that adolescents do not value the fathers’
modeling, because this task is not associated with the traditional
men’s role within the family in the Latin American culture
(4). Overall, our results show that FPP may not only positively
influence the SWFoL of the parent who exert the FPP (39–41),
but also that of their adolescent children through crossover.

Testing Mediating Roles of Diet Quality
The last hypothesis of this study (H8) tested the mediating role
of the three family members’ diet quality between both parents’
modeling of healthy food choices and the three family members’
satisfaction with food related life (actor and partner effects). This
hypothesis was partially supported for parents’ diet quality, and
not supported for the adolescents’ diet quality. Diet quality shows
an intra-individual mediating role between modeling and SWFoL
in mothers and fathers. These findings show that modeling and
SWFoL were also indirectly associated via diet quality regardless
of the parent’s gender.

In addition, mothers’ modeling was indirectly associated with
fathers’ SWFoL via fathers’ diet quality. This result underscores

the important role that mothers have in modeling healthy eating
behaviors in their family, positively influencing -directly or
indirectly- their own, the fathers’, and their adolescent children’s
diet quality and SWFoL. Although further research is needed
to explain the lack of an inter-individual mediating role of
mothers’ diet quality, this null finding may be related to the weak
relationship between fathers’ modeling and mothers’ diet quality.
A similar explanation may stand for the lack of a mediating role
for the adolescents’ diet quality.

Limitations
This study is not without limitations. The first limitation
is the cross-sectional design of this study, which does not
allow to indicate causal relationships between the variables.
A second limitation relates to the sample. Families were self-
selected, and although they were representative of the Chilean
population in terms of socioeconomic status (68), these families
had more family members than the average Chilean family
(78). Moreover, data were self-reported, and participants might
have answered the questionnaires thinking about expectations
regarding modeling practices, eating habits, and their overall
food-related life. Another limitation pertains to the AHEI
measure, which has been shown to be useful to evaluate diet
quality, but it does not include all possible food groups nor
the quantity consumed for each. Regarding the overall method,
the design of this study predated the pandemic, and the
questionnaire was not able to capture conditions specific to
this ongoing event, such as the transition from commuting to
working from home, or commuting during lockdown. Lastly,
this study did not account for other FPP, the adolescent’s
perception of parental modeling, nor restrictions related to
the COVID-19 pandemic. Longitudinal designs, probabilistic
sampling, and cross-cultural comparisons are needed in future
studies to further explore the relationships seen in this study. In
addition, research must include the perception of both parents
and adolescents regarding FPP, and the family-level assessment
of diverse FPP, such as other structured ones, and those included
in the coercive control and autonomy support or promotion
classification by Vaughn et al. (2).

CONCLUSION AND IMPLICATIONS

Despite these limitations, this is the first study that analyses actor
and partner effects for the relationships between both parents’
modeling and the three family members’ diet quality and SWFoL
in different-sex dual-earner parents with adolescent children.
Results showed that one parent’s modeling enhanced their own,
their adolescent children’s and the other parent’s diet quality,
regardless of the parent’s gender. Both parents’ modeling was
associated with their own SWFoL, directly and indirectly via their
own diet quality. However, different gender patterns emerged
among parents regarding one parent’s modeling and diet quality
influence on the other parent’s and their adolescent children’s
SWFoL. Only mothers’ modeling was positively associated
with their adolescent children’s SWFoL; mothers’ diet quality
was positively associated with fathers’ SWFoL; and mothers’
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modeling was indirectly related to the father SWFoL, via the
fathers’ diet quality.

These results have research implications. Research is needed
based on possible reciprocal relationships between parents’ FPP
and family members’ outcomes to assess the influence that
parents’ FPP have on their own and their children’ diet quality
and wellbeing. In addition, as FPP are also exerted by parents
to prevent overweight and obesity in their children (1), future
studies should also assess the influence that different FPP have
on parents’ and children’s nutritional status at a family level.
Furthermore, as different patterns emerged according to the
parent’s gender, future research should corroborate if these
differences are associated with the COVID-19 pandemic or
whether they may persist post-pandemic. In addition, future
research should explore possible moderators of the associations
found in this study. For instance, the frequency of family meals,
the family SES, and the mothers’ type of employment, due as
control variables significantly affect diet quality or SWFoL.

Our results also entail practical implications. As the three
family members have diets that require changes to be considered
healthy, interventions should be targeted at a family level. For
instance, both parents should be encouraged to have a healthy
diet to be a model for their partner’s and adolescent children’s
eating habits, and should be encouraged to use other positive FPP.
Interventions and policies that foster motivation, knowledge,
and access to resources to establish healthy diets is particularly
relevant in dual-earner families with adolescent children, because
workers’ high job demands can entail lower diet quality for the
worker and their families (20, 45, 46), and because adolescents’
diet quality tends to decrease during this stage of life (7, 9).
Furthermore, unhealthy diet has been associated with modern
health-related issues such as obesity, diabetes, and cardiovascular
disease, as well as with lower work performance in workers
(79). Therefore, our findings also underscore the need for
policymakers and organizations to promote healthy eating habits
in working parents, with emphasis on working fathers.
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The Mediterranean diet (MedDiet) has been associated with many health benefits. Poor

adherence to MedDiet has been found among Lebanese adults, while in Syria, little

is known about the adherence to MedDiet. A quantitative research approach was

used, and data were collected through convenience sampling. The structure of the

survey included the socio-economic and demographic data and the validated 14-

point MedDiet assessment tool. The target population included 367 Lebanese and

Syrian adults respectively residing in Lebanon and Syria. Descriptive statistics were

used to explore the characteristics of the sample population. Adequate adherence

MedDiet was determined if the Med-Diet score ≥ 9. Significant differences among the

variables and the adherence to the MedDiet were examined using the chi-square test.

Approximately 47.42% of participants reported adherence to MedDiet higher than 9,

with a mean of 7.98. Lebanese participants, men, and those who are aged between 64

and 67, had higher adherence than Syrian participants, women, and other age groups,

respectively. Lebanese participants (7.82 ± 2.32) had slightly higher adherence than

Syrian participants (7.31 ± 2.04). Wine, sofrito, vegetables, and olive oil were mostly

consumed by participants, with differences in consumption between the Lebanese and

Syrian adults. The statistical analysis performed using the chi-square test showed no

statistical difference (P>.05) between Lebanese and Syrian participants regarding their

consumption of 160 red meat, butter/margarine, and sugary drinks. Future studies in

the aged population are required to explore furthermore the adherence to MedDiet in

Lebanon and Syria and its impact on health.

Keywords: MedDiet, dietary habits, older adults, Lebanon, Syria

INTRODUCTION

The Mediterranean Diet (MedDiet) represents a healthy dietary pattern in the context of healthy
lifestyle habits. Epidemiological studies have shown that a higher degree of adherence to the
MedDiet pattern is associated with reduced mortality concerning deaths due to cancer (1). Better
control of diabetes through a protective role on glycemic control and a reduction in cardiovascular
risk are also favored by the adoption of this dietary pattern (2). Moreover, MedDiet is significantly
associated with less overweight and more weight loss (3).
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In addition to its well-documented beneficial effects on health,
MedDiet is considered a key component for healthy aging and
might contribute to the onset of frailty at late stages of life
(4). In older adults, the adherence to MedDiet moderates the
association between multimorbidity and depressive symptoms
(5). Greater adherence to a MedDiet was associated with better
lower extremity physical performance in older adults with type
2 diabetes mellitus (T2DM) (6). Coelho-Júnior et al. (7) have
investigated the association between adherence to MedDiet and
physical performance and cognitive function in older adults
(7). Results of the aforementioned study revealed that high
adherence toMedDiet reduced the risk of global cognitive decline
in non-demented older adults. Many observational studies led
to the assumption that MedDiet could be a healthy eating
pattern against cognitive and physical impairment in older
adults (8–10).

Over the past few years, there has been a great effort to
study the adherence to this Mediterranean-style diet, among
the adult and older adult population in several Mediterranean
and Gulf countries. In Spain, the influence of adherence to
the MedDiet and its components on early vascular aging
has been widely investigated (11). In Greece, adherence to
the MedDiet is associated with higher levels of successful
aging (12). In Italy, higher adherence scores were observed in
females compared to males, and in elderly people compared
to young people (13). Adherence to the MedDiet among
the Cypriot adult population was associated with male sex,
age >45 y, being married, being physically active, and being
resident of rural regions (14). In Turkey, adherence to the
MedDiet in hospitalized Turkish older adults and its association
with hospital clinical outcomes was assessed (15). Moreover,
in Gulf countries, the adherence to the MedDiet among
adult participants from Saudi Arabia, Oman, and Kuwait was
low (16).

In Lebanon, few studies were found to assess the compliance
with the MedDiet (17–19). Poor adherence to MedDiet has been
found among the Lebanese adult University students (20) and
the adult population during the COVID-19 outbreak and the
economic crisis (21). Other studies assessed the adherence to
MedDiet in adolescents (22, 23) and among youth (24). However,
in Syria, little is known about the adherence to MedDiet.
(25) have evaluated the lifestyle factors, along with biomarkers
related to cardiovascular risk factors in a group of university
female students. The average adherence to the Mediterranean
dietary pattern was low (25). Another study has assessed the
Mediterranean adequacy index in young Syrians (26).

To our knowledge, no previous studies have focused on the
compliance with the MedDiet among older adults in Lebanon
and Syria and no previous study has compared the adherence
to the MedDiet among the aforementioned countries. It is
crucial to mention that adherence to the MedDiet might be
useful for developing strategies for improving diet quality
and setting governmental preventive health policies for the
aged population. Therefore, the present study aimed to assess
the adherence to the MedDiet among older adults from two
Mediterranean countries (Lebanon and Syria) using a validated
14-item questionnaire.

MATERIALS AND METHODS

Sampling Method
To overcome the practical difficulty of accessing participants
from different geographical locations, a quantitative research
approach was applied based on the distribution of an online
survey throughout different social media platforms via
networking. The target population of this research study
included older Lebanese adults (45 and above) residing in
Lebanon, and older Syrian adults (45 and above) residing in
Syria. Lebanese and Syrian participants aged below 45 years old
were not eligible to participate in the study, since they do not fit
our age recommendations. A convenience sampling technique
was used in this research.

Population and Sample Size Calculation
The sample size was 367 participants from both countries (185
Lebanese vs. 183 Syrian). The sample size of 367 was considered
enough, considering the target population of both the older
Lebanese and Syrian adults, and through the determination with
the sample size software, G∗Power, version 3.1.3; margin of error
of 5% confidence level of 95% (27). Data collection took place
between July 2021 and December 2021.

Ethical Considerations
This study received approval from the ethical committee of
the Modern University of Business and Science (approval
reference MU-20210222-21, February 24th, 2021). Older
adult respondents provided written informed consent before
filling out the questionnaire, and their confidentiality was
protected. The collected data were solely used for scientific and
research purposes.

Study Tool
An online survey, created using Google Forms, was distributed.
The structure of the survey included (1) the socio-economic
and demographic data; (2) the validated Mediterranean Diet
Assessment Tool. The validated Mediterranean diet (Med-diet)
tool contained 14 items (1-point criteria for each item) to
assess the participant’s adherence to the diet, developed by the
Prevención con Dieta Mediterránea (PREDIMED) consortium
(28, 29). The score of adherence was calculated by summing the
points of the 14 questions (“Yes” answer was one point, “No” was
zero point; the results ranged between 0 and 14). The overall score
of < 9 points represented participants with low adherence, while
the overall score of ≥ 9 points was used to identify participants
with high adherence. This questionnaire has been adapted to and
validated for the Spanish population (30) and then adapted in an
English version to be implemented in other populations (31). The
English version of the questionnaire was subsequently translated
into Arabic. The latter is the native language of the participants.
The questionnaire was piloted with 30 respondents (15 Lebanese
vs. 15 Syrian) to determine the extent of their understanding of
sentences and the time taken to answer questions. To determine
the internal consistency of the survey questionnaire, a Cronbach’s
alpha coefficient reliability analysis was performed. This method
shows an indication of the average correlation between all the
items of the research questionnaire on the Likert scale, in this
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TABLE 1 | Mean adherence to mediterranean diet.

Variables N % Mean (SD)

Total 367 100.0 7.98 (2.11)

Age (grouped data) 45-63 320 87.2 7.48 (2.18)

64-67 19 5.2 8.01 (2.27)

≥68 28 7.6 7.57 (2.35)

Gender Men 129 35.1 8.53 (2.47)

Women 238 64.9 7.34 (2.29)

Nationality Lebanese 185 50.4 7.82 (2.32)

Syrian 183 49.6 7.31 (2.04)

case. The Cronbach’s alpha coefficient for the questionnaire was
measured to be 0.960. The findings generated from the pilot study
were not considered in the final data analysis.

Data Analysis
Data were processed and analyzed by the SPSS statistical
software, Windows Version 23.0 (SPSS, Inc., Chicago, IL, USA).
Descriptive statistics including means of scores and standard
deviations were used, to meet the study objectives. Frequencies
were computed to examine the demographic and behavioral
characteristics of the sample population. To determine their
high adherence to Med-Diet, the Med-Diet score of ≥9 is used.
A non-parametric test (chi-square) was employed to analyze
the significant difference among the variables of gender, age,
nationality, and adherence to the Mediterranean diet.

RESULTS

Mean adherence to Mediterranean Diet among the participants
is shown in Table 1. Among the 367 participants, the mean
MedDiet adherence score was 7.98 (± SD 2.11). Those who are
aged between 64 and 67 had a higher mean (8.01 ± 2.27) than
other age groups, followed by those aged 45 to 63 (7.48 ± 2.18).
Men (8.53 ± 2.47) had a higher adherence compared to women
(7.34 ± 2.29). Lebanese participants (7.82 ± 2.32) had slightly
higher adherence than Syrian participants (7.31± 2.04).

Table 2 shows the adequacy of adherence to the
Mediterranean Diet according to different variables. About
47.42% of participants reported higher adherence to MedDiet
than the adequate adherence score (≥ 9), while 52.58% of
the participants had an adherence score lower than 9. Those
who are aged between 45 and 63, as well as older than 68,
showed similar adequacy of adherence (48.44% and 48.43%,
respectively), higher than other age groups (64–67: 31.58%).
Men (48.07%) and women (47.06%) reported similar adherence
adequacy. Lebanese participants (49.73%) displayed higher
adequacy of adherence than Syrian participants (45.06%).
Specifically, Lebanese participants residing in Mount Lebanon
(52.95%) and the North province (47.06) had lower adherence
adequacy than other areas (64.29%). Results, however, were not
significant (p> 0.05)

Table 3 shows the stratification of adherence to
Mediterranean Diet items. Most of the Lebanese and Syrian

participants (78.74%) used olive oil as the main added fat,
and 62.94% abided by the recommended quantity (four
tablespoons or more). Vegetables (79.56%) were consumed
by the participants according to MedDiet more than fruits
(40.05%); 93.46% of the sample consumed wine, and 75.20%
of the consumed legumes, according to the recommendations.
Only 7.35% of the participants referred to an adequate intake
of fish or shellfish. About 58.85% of the participants consumed
commercial sweets <3 times/week, and 41.14% consumed
the recommended portions of nuts per week. Additionally,
chicken, turkey, or rabbit was preferred by more than half of
the participants (58.58%) instead of beef, pork, hamburgers,
or sausages. Consumption of sofrito, which is a sauce made
with olive oil, onion, garlic, and tomato, was also very common
among participants (83.92%).

Lebanese participants consumed more olive oil (84.86%),
fruits (53.51%), legumes (80%), and fish products (12.43%) than
Syrian participants according to the MedDiet recommendations
(Table 3). Lebanese participants also showed more tendency
toward nuts (47.56%) and sofrito (86.48%) consumption.
However, more Syrian participants consumed the recommended
daily quantity of olive oil (65.93%), preferred chicken over
meat (59.34%), and consumed more vegetables (82.41%), wine
(97.80%), and processed desserts (60.43%) than Lebanese
participants. The statistical analysis performed using the chi-
square test showed no statistical difference (P>.05) between
Lebanese and Syrian participants regarding their consumption of
red meat, butter/margarine, and sugary drinks (Q5, Q6, and Q7).

DISCUSSION

The mean adherence to the MedDiet in our study (7.98) was
similar to the adherence in Spain (8.6), among Lebanese adults
(8) and university students (7.96), but higher than that in the
UK (5.47) and Korea (6.2). Little is known about the adherence
to MedDiet in Syria. Less than half of the participants (47.42%)
had an adequate score of adherence to MedDiet (≥9). This
can be explained by the economic crisis hitting Lebanon and
Syria, which led to a major increase in prices of traditional and
healthy foods, forcing citizens to shift toward less expensive
products and generally higher in calories, thus, less adhering to
the MedDiet (32).

Those who are aged 64 to 67 had a higher mean (8.01) than
other age groups, similar to earlier studies, where being older
was related to higher adherence; this result suggests that MedDiet
is rooted in cultural heritage and food traditions, maintained
by older generations (13, 32, 33). Younger generations are,
on the other hand, shifting toward unhealthier food patterns
due to the widespread of non-Mediterranean food groups and
Western diets (32, 33). However, the population above 68 showed
a decrease in adherence (7.57), which may be the result of
the age-related chemosensory changes and health problems, as
deterioration in taste and smell senses and salivary function was
observed in 60–70 years adults, leading to problems in flavor
perception and consumption of unhealthy food as the last form
of pleasure (34).

Frontiers in Nutrition | www.frontiersin.org 3 May 2022 | Volume 9 | Article 893963113

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Karam et al. Adherence to MedDiet in Older Adults

TABLE 2 | Adequacy of adherence to MedDiet according to different variables.

Variables Score <9 Score ≥9 p* Crude OR

N % N % 95% CI

Total 193 52.58 174 47.42

Age 45–63 165 51.56 155 48.44 0.25 0.60

64–67 13 68.42 6 31.58 (0.56–0.64)

≥68 15 53.57 13 48.43

Gender Men 67 51.93 62 48.07 0.28 0.68

Women 126 52.94 112 47.06 (0.65–0.70)

Nationality Lebanese 93 50.27 92 49.73 0.15 0.82

Syrian 100 54.94 82 45.06 (0.72–0.91)

Province in Lebanon Mount Lebanon 16 47.05 18 52.95 0.68 1.02

North 72 52.94 65 47.06 (1)

Others 5 35.71 9 64.29

OR, odds ratio; MedDiet, Mediterranean Diet; CI, confidence interval.

*Evaluated by chi-square test.

TABLE 3 | Stratification of adherence to MedDiet items.

All Lebanese Syrian

Med-Diet Survey N % N % N % N % N % N % p*

Yes No Yes No Yes No

Q1:Olive oil for cooking 289 78.74 78 21.26 157 84.86 28 15.14 132 72.52 50 27.48 0.04

Q2:Quantity of olive oil per day 231 62.94 136 37.06 111 60.00 74 40.00 120 65.93 62 34.07 0.02

Q3:Vegetables portion per day 292 79.56 75 20.44 142 76.75 43 23.25 150 82.41 32 17.59 0.03

Q4:Fruits portion per day 147 40.05 220 59.95 99 53.51 86 46.49 48 26.37 134 73.63 0.01

Q5:Red meat per day 266 72.47 101 27.53 120 64.86 65 35.14 146 80.21 36 19.79 0.18

Q6:Butter/ margarine portion per day 266 72.47 101 27.53 118 63.78 67 36.22 148 81.31 34 18.69 0.09

Q7:Sugary drinks portion per day 280 76.29 87 23.71 121 65.40 64 34.60 159 87.36 23 12.64 0.29

Q8:Wine portion per week 343 93.46 24 6.540 165 89.18 20 10.82 178 97.80 4 2,20 0.02

Q9:Legumes portion per week 276 75.20 91 24.80 148 80.00 37 20.00 128 70.32 54 29.68 0.03

Q10:Fish and fish products portion

per Week

27 7.35 340 92.65 23 12.43 162 87.57 4 2.19 178 97.81 0.02

Q11:Processed deserts portion per

week

216 58.85 151 41.15 106 57.29 79 42.71 110 60.43 72 39.57 0.03

Q12:Nuts portion per week 151 41.14 216 58.86 88 47.56 97 52.44 63 34.61 119 65.39 0.01

Q13:Consumption of chicken

preferably over meat

215 58.58 152 41.42 107 57.83 78 42.17 108 59.34 74 40.66 0.05

Q14:Cooking vegetables, pasta, rice

with olive oil, onion, garlic and tomato

per week (sofrito)

308 83.92 59 16.08 160 86.48 25 13.52 148 81.31 34 18.69 0.01

*Lebanese vs. Syrian by chi-square test; MedDiet, Mediterranean diet.

Differences in adherence were also seen among genders,
where men had higher adherence than women This result
is complementary to other studies, where females showed a
lower adherence than males, among under 30-year-old Lebanese
adults (35) and young Syrian people (26). This difference
can be explained by the focus of women on body image,
which leads to reducing calorie intake and healthy eating
(36). The economic crisis also forced women to decrease
their consumption of expensive products for the sake of

their families (37), leading to a greater adherence among
men, as higher adherence to MedDiet was associated with
higher dietary costs, compared to lower costs for unhealthy
foods (38).

Lebanese participants had slightly higher adherence than
Syrian participants opposite to results obtained in 2004–2011,
where Syria displayed a higher adherence than Lebanon (39).
The current result can, thus, be explained by the increased food
insecurity in Syria, which reached 55% of the population after the
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protracted economic crisis and war, compared to 34% among the
Lebanese population, in late 2020 (40, 41).

Most of the participants used olive oil as the main added fat,
mainly among Lebanese participants This high consumption of
olive oil in the two countries is based on its wide production, as
it forms a dominant agro-industrial product (42). Although this
consumption was much higher in Syria than in Lebanon back in
2016 (43), the Syrian war caused a sharp fall in the olive oil sector,
affecting Syrian nutritive intake (44).

According to MedDiet, the participants consumed vegetables
more than fruits The number of fruits consumed was dominant
among the Lebanese participants, while more Syrian participants
consumed vegetables. Fruits became unaffordable upon the
reduction of agriculture due to the Syrian war (44). The
coronavirus disease 2019 (COVID-19) pandemic has also
affected the transportation and production of fruits and
vegetables in Lebanon, changing the food patterns of consumers
involuntarily (45).

Roughly 93.46% of the sample consumed wine, according to
the MedDiet recommendations, Syrian participants might have
also consumed alcohol as a coping strategy to the war situation,
as psychological stress might cause increased consumption of
wine, although more evidence is needed on the impact of
the crisis on alcohol drinking. However, only 7.35% of the
participants referred to an adequate intake of fish, which was
higher in Lebanon. This result confirms the outcome of earlier
studies showing a low consumption of fish products among
the Lebanese adult population (35, 46). Around 41.14% of
participants also consumed nuts, as consumers tended to reduce
their consumption of fish and nuts due to their unaffordable
prices (37).

On the other hand, 75.20% consumed legumes, mainly among
Lebanese participants. As a result of the COVID-19 lockdowns
in Lebanon, dietary diversity was declined, and cooking practices
increasingly relied on grains, pasta, and legumes due to their low
prices and high stocking (45). Also, Syrian adults traditionally
consume pulses as their main source of energy, mostly among
low-income populations (26).

About 58.85% consumed commercial sweets, and Syrian
participants showed more inclination toward processed
desserts consumption This increased consumption was another
consequence of the COVID-19 pandemic, mainly among food
insecure consumers who suffer from mental problems and
anxiety (45).

Additionally, chicken was preferred by more than half of the
participants over meat, primarily among the Syrian population
This result is similar to other studies showing that Syrian
populations are having a higher tendency toward protein intake,
which is mainly chicken (26). Consumption of sofrito was
also quite common among participants Cooking using sofrito
is very usual among Mediterranean people as it is a typical
Mediterranean sauce, strongly associated with a reduced risk of
CVD (46).

Consequently, this study showed that although MedDiet
is traditionally prevailing in Lebanon and Syria, some of its
components might be affected by the economic crisis. The
association between income and adherence has been recently

studied among Lebanese adults during the COVID-19 outbreak
and the current economic crisis; participants with average to
high income had higher adherence mean compared to other
participants with lower salaries (21).

However, more comprehensive research is needed to better
investigate the food patterns and MedDiet adherence of adults,
mainly among the Syrian population.

Strengths and Limitations
Mediterranean Diet has been assessed in Lebanon among the
Lebanese young population. No previous studies have focused
on the compliance with the MedDiet among older adults in
Lebanon and Syria and no previous study has compared the
adherence to the MedDiet among the aforementioned countries.
Findings from this studymight be useful for developing strategies
for improving diet quality and setting governmental preventive
health policies in the aged population. Moreover, our study
includes several limitations that need to be acknowledged. First,
the MedDiet assessment tool was conducted using a 14-question
questionnaire validated among the Spanish population not
among Lebanese and Syrian adults; however, the questionnaire
was adapted to an English version used in other samples of young
adults. Second, data were self-reported through an online survey,
which might affect the accuracy of the results. Finally, this is a
cross-sectional study, and, therefore, we acknowledge that we are
not able to draw causal conclusions but only observations.

CONCLUSION

Around 47.42% of participants reported adherence to MedDiet
higher than 9, with a mean of 7.98. Lebanese participants,
men, and those who are aged between 64 and 67 had higher
adherence than Syrian participants, women, and other age
groups, respectively. Wine, sofrito, vegetables, and olive oil
were mostly consumed by participants, with differences in
consumption between the Lebanese and Syrian adults. However,
the lack of studies in Syria emphasizes the need for further
research on the dietary habits among its population. Awareness
and policies must be also spread at national levels to improve
the public adherence to MedDiet amid the crisis, thus, ensuring
better health outcomes and economic sustainability.
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Pleurotus spp. and Auricularia spp. are popular species consumed by the Malaysian

community. Recently, due to increased awareness, both mushrooms are also being

consumed for their bioactive compounds, ergothioneine, and antioxidant properties and

has been used since earlier ages as therapeutic remedies. The bioactive compounds

such as phenol, flavonoid and ergothioneine found in both Pleurotus and Auricularia

mushrooms were explored. Differences in heat treatments (microwave, hot air drying,

and solar drying) and cooking methods may affect the content of bioactive compounds

and their properties. Similarly, sensory acceptance by consumers may be affected too.

Antioxidant properties using DPPH (1,1-diphenyl-2-picryl-hydrazyl) radical and FRAP

(ferric reducing antioxidant power) assay of both raw and heat-treated mushrooms are

included. Microwave drying retained color characteristics and bioactive compounds in

both mushrooms. To add value to this review, a survey on the consumption pattern

of Pleurotus and Auricularia species among Malaysians has been conducted online

and concluded that Pleurotus species is the most considered species compared to

Auricularia mushroom and almost half of the respondents were not aware that heat may

deplete nutritional contents in mushroom despite agreeing both gave beneficial health

in diets.

Keywords: black jelly mushroom, oyster mushroom, bioactive compound, heat, antioxidant

INTRODUCTION

Generally, Pleurotus spp. such as pearl oyster, gray oyster, pink oyster, and Auricularia spp.,
like jelly ear and black jelly mushrooms, are well-known among consumers. In addition to
being low in calories, salt, fat, and cholesterol, Pleurotus spp. is also high in nutrients and
vitamins, protein, carbohydrates, and fiber. Auricularia mushrooms are used in traditional
Chinese medicine. Due to their bioactive ingredients, mushroom extracts have been recognized
as antioxidants, anticarcinogenic, and anti-inflammatory by food and biochemical experts
since 3500 BC. One of the mushrooms’ bioactive compounds, ergothioneine, protects cells
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from oxidative stress caused by reactive nitrogen forms
like nitric oxide. Furthermore, ergothioneine depletion
in cells may cause DNA damage and protein and lipid
oxidation (Paul and Snyder, 2010). Due to this reason, many
food industries have used mushroom extracts in health
care products and as added functional ingredients in food
products. Heating treatments are used to extract or prepare
foods for human consumption. Due to its thermolabile
qualities, heating affects the residual nutrients and bioactive
substances in food. Thermal processing is commonly used
to extend food shelf life. As a result, heat-processed foods
are regarded to be less healthful than fresh foods. Thermally
processed foods, notably fruits and vegetables, have higher
biological activity than non-thermally processed meals,
according to recent studies (Kim et al., 2000; Dewanto et al.,
2002).

In Malaysia, a few studies have shown that heat treatments
on mushrooms affect phenolic chemicals, ergothioneine content,
and antioxidant activity. This research benefits Malaysia’s future
food development, whereas nutritional imbalance has also
occurred, particularly in poorer nations where animal protein
is scarce and expensive, necessitating the development of an
alternative protein source. Mushrooms are recognized as a
vegetarian meat substitute since they are rich in nutrients.

SELECTION OF ARTICLES

The articles for this systematic review were chosen from
two databases (Scopus and Google Scholar). The literature
review took place between March 2021 and February
2022. The terms “heat treatment” OR “auricula” AND
“pleurotus” OR “bioactive compound“ were used in the
search (Article title, Abstracts, Keywords). Additionally,
the term “mushroom” was entered specifically in the
[Search within results] section. A database search
identified around 1,503 publications, and an extra
50 articles found in ScienceDirect, as displayed in
Supplementary Figure 1.

LOCAL SURVEY ON OYSTER MUSHROOM
AND BLACK JELLY MUSHROOM
CONSUMPTION

An online local survey on oyster mushroom and black
jelly mushroom was conducted. This survey contained
two parts; Part A being a survey on Oyster mushroom
consumption and Part B being a survey on Black jelly mushroom
consumption. Both sections have to answer by respondents.
This survey tested the respondents’ general knowledge on
oyster and black jelly mushrooms, including the benefits of
both mushrooms, availability of both mushrooms on the
market, mushroom price, and preferable dishes using the
mushrooms. The type of questionnaire may vary, such as
multiple-choice, open-ended, close-ended, Likert-scale, and
dichotomous questions.

BACKGROUND OF RESPONDENTS

A local survey has been conducted in order to study the
consumption of random Malaysians of Oyster mushroom and
Black Jelly Mushroom. A total of 52 respondents have answered
this survey, aged 21–60 years old. This survey has been answered
by 88.5% (46) women and 11.5% (6) men, ages ranging mostly
from 21 to 30 years old (61.5%), followed by 41 to 50 years old
(21.2%) and 51 to 60 years old (11.5%).

OVERVIEW OF SELECTED MUSHROOM
BIOLOGICAL ACTIVITIES AND
CONSUMPTION PATTERN

Oyster and Black Jelly Mushroom:
Pleurotus spp. and Auricularia spp.
Origin
Pleurotus species belong to a small group of higher fungi known
as Basidiomycetes, which are categorized by fruit bodies with
an eccentric stalk attached to the pileus, which opens up like
an oyster shell during morphogenesis. Pleurotus is a genus of
cultivated mushrooms with a wide range of species and there are
over 30 species of Pleurotus mushroom, which have been found
in wide parts of the world. The evolutionary relationship between
Pleurotus species is still ambiguous, and several taxonomic issues
remain unresolved. The earliest cultivation of oyster mushroom
(Pleurotus species) has been recorded in Germany by Flank in
1917 (Adebayo and Oloke, 2017). Pleurotus species can grow
in temperate and tropical zones but are more prevalent in the
subtropical regions (Rajarathnam et al., 1987).

Wood ear, black jelly, tree ear, or ear fungus are local names
for some Auricularia species. This mushroom species originated
from China (Packialakshmi et al., 2017). Zhang et al. (2015)
reported the cultivation of Auricularia mushroom started 1400
years ago in China. One Auricularia species it is believed existed
2000 years ago in China was Auricularia heimuer, it is reported
in the Chinese medicinal book, “Shennong’s Compendium of
Materia Medica” (Sekara et al., 2015). In the Red Dragon
country, a popular Auricularia mushroom is called “he i mù
e’r” or in English “Juda’s ear” and scientists may refer to
this as Auricularia auricula-judae. Auricularia auricula-judae,
Auricularia fuscosuccinea, and Auricularia polytricha are all from
under the same genus called Auricularia. All saprophytic fungi
with gelatinous, ear-to-shell-shaped fruiting bodies belong under
the same genus.

Growth, Life Cycle, and Classification of Mushroom

Species
Pleurotus ostreatus, Pleurotus sajor-caju, Pleurotus djamor and
similar species can grow in habitats with a temperature of 15–
31◦C. In their natural habitat, Pleurotus spp. grow on broad-
leaf hardwoods in the spring and fall, especially cottonwoods,
oaks, alders, maples, aspens, ash, beech, birch, elm, willows,
and poplars. Pleurotus spp. can thrive in a wide spectrum of
natural lignocellulosic materials like cereal straws, all hardwoods,
on wood by-products (sawdust, paper, pulp sludge), banana
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pseudostems, corn cobs, cotton waste, cotton boll locules, forest
woods, sugarcane bagasse, coffee residues (coffee grounds, hulls,
stalks, and leaves), banana fronds, cottonseed hulls, agave waste,
soy pulp, and many more (Rajarathnam et al., 1987; Adebayo
and Oloke, 2017). Pleurotus spp. undergoes two phases in their
life cycle, which are vegetative growth and reproductive growth.
Environmental factors that is suitable for Pleurotus spp.’s fruiting
bodies formation is temperature of 10–21◦C, 85–90% relative
humidity, CO2 concentration of below 1,000 ppm and light
exposed to 1,000–1,500 lux. Many types of Pleurotus spp. have
been cultivated by local farmers for domestic market (refer
Supplementary Table 1). Additionally, some types of Pleurotus
spp. are also being imported to meet the consumer demand.
As such, very few edible oyster mushrooms were cultivated in
Malaysia and some of them were even no longer seen in Malaysia
any more (Samsudin and Abdullah, 2019). Those species are,
P. citrinopleatus, P. cyctidious, P. eryngii, P. flabellatus, P.
pulmonarius, and P. tuber-regium (Samsudin and Abdullah,
2019). Supplementary Table 2 shows a list of Pleurotus spp.
that are still available and being cultivated in Malaysia. Mat-
Amin et al. (2014), stated in Malaysia, only abalone (Pleurotus
cystidiosus), gray oyster (Pleurotus sajor-caju), white oyster
(Pleurotus florida), and red oyster (Pleurotus flabellatus) are
suitable to cultivate in Malaysia’s climate and be successfully
cultivated commercially. In general, oyster mushrooms are
grown in the lowland parts of Malaysia.

Auricularia spp. mostly found in tropical, subtropical, and
temperate regions, hence it is widely available worldwide.
Auricularia spp. can be found scattered and in clusters on
dead or dying tree branches, main trunk, decaying logs and
others suitable (Packialakshmi et al., 2015). Also, this mushroom
can adapt in monsoon season, hence it is producing large
overlapping bunch due to its high humidity presence and
the production of the basidiomes can be enormous. When
growing conditions are favorable, the life cycle of Auricularia
spp. begins with germination of haploid basidiospores and
matures into short-lived haploid mycelia. The cycle ended with
ballistospory, the mechanism by which mature basidiospores
are expelled from the sterigmata (by removing surface tension).
Finally, the wind disperses the spores after they fall below
the cap. Auricularia spp. recorded found in Malaysia was
A. auricula judae, A. fuscosuccinea and A. polytricha (refer
Supplementary Table 3 for vernacular name and common name
for Auricularia spp.). “Cendawan telinga kera” is often found
grow wildly on logs and tree trunks. Locals identified them
as firmer texture and dark brown color. While “cendawan
gelememeh” often identified as in bigger size, thinner and tougher
than “cendawan telinga kera”. If the locals spot the reddish-
purple color Auricularia spp. and founded wet, then it should be
“cendawan bibir”. Supplementary Figure 2 shows the picture of
Auricularia auricular-judae and Auricularia polytricha. Mostly,
Auricularia spp. recorded in Malaysia was found in Sarawak
(Abdullah and Rusea, 2009).

Toxicity Studies on Mushrooms
Mushrooms are generally known as alternative remedies to
medical drugs, either as a source of functional food or for drug

development. Unfortunately, few studies have been reported to
support the continued medicinal use of these remedies due to
a lack of scientific research on their safety and efficiency. Acute
and subacute toxicity testing on animals has been conducted
to determine the toxicity assessment of ethanolic extract
of the mushroom, according to Organization for Economic
Cooperation and Development OECD guidelines (Deepalakshmi
and Mirunalini, 2014). The acute toxicity test resulted in the
maximal dosage level of 5,000 mg/kg body weight (Sprague
Dawley rats) of orally administered P. ostreatus for 72 h; no
mortality or major changes in the general behavior of rats were
found. While, subacute toxicity resulted from 250 to 1,000 mg/kg
doses of hepatic marker enzymes, none of the animals showed
significant changes including in food and drink intake. In fact,
no significant changes were recorded in vital organs like the
liver, and this indicated that P. ostreatus had a high margin of
safety due to the non-existence of toxicological effects recorded.
Concern may arise from consumers as ergothioneine is usually
consumed for its antioxidant properties, hence many studies
investigated its mutagenic and toxicologic potential. In human
and mammalian tissues, the concentration of ergothioneine was
found to be 1–2mM, implying that ergothioneine could act as
a non-toxic antioxidant in vivo (Aruoma, 1999). While living
organisms need trace amounts of certain elements such as iron,
cobalt, copper, manganese, chrome, and zinc, excessive amounts
of these elements are toxic to them (Erel, 2004, 2005). Mercury
and arsenic are trace elements found in cultivated mushrooms,
ranging from 0.01 to 0.17 mg/kg (Lelamurni and Razak, 2013).
According to a report of the Joint Food and Agriculture
Organization of the United Nations (FAO)/World Health
Organization (WHO) Expert Committee on Food Additives, the
provisional tolerable weekly intake (PTWI) of arsenic is 15µg/kg
body weight (equivalent to 2.1 µg/kg body weight per day),
while PTWI for mercury is 4 µg/kg body weight. Mercury and
arsenic levels were 10 and 170 g/kg dry weight, respectively, in
the cultivated A. polytricha. The maximum PTWI for mercury
for a 60 kg individual is 240 g, according to calculations. If a
60 kg individual ate 50 g of dried A. polytricha per day, their daily
mercury intake would be 30 g, and their weekly mercury intake
would be 210 g (Lelamurni and Razak, 2013). The highest PTWI
for arsenic in a 60 kg human is 900 g. This person’s daily arsenic
consumption would be 510 g and weekly arsenic intake would
be 3570 g if they consumed the same volume of A. polytricha
on a daily basis (Lelamurni and Razak, 2013). This is even
higher than the PTWI for arsenic. Therefore, a daily intake of
50 g dry weight of A. polytricha by a 60 kg individual may be
considered potentially dangerous (Lelamurni and Razak, 2013).
Based on these figures, the healthy daily intake of cultivated
A. polytricha using the same fruiting substrate formulation as
in this study must be less than 10 g dry weight (Lelamurni
and Razak, 2013). Auricularia polytricha contains high amounts
of a molecular toxin named auritoxin (Kim, 1993). Auritoxin
had a polysaccharide content of 93.9% and a protein content
of 6.8%. Mice were given median lethal doses of auritoxin
of 56.4, 157.2, and 454.6 mg/kg. Convulsions occurred within
30min of the injection, coma or sleeping occurred within an
hour, and tremors, lacrimation, respiratory swelling, congestion,
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and death occurred within 24 h (Kim, 1993). The spleen was
observed to be significantly swollen among the different organs
of the mouse. The addition of auritoxin to human platelets
prevented aggregation (Kim, 1993). The toxin inhibited the
function of malic dehydrogenase in vitro. Other studies have
shown consumption of 12 g Auricularia auricula judae in a day,
does not give harmful effects on health, but helped abdominal
obese women improve their blood LDL cholesterol, triglyceride,
and bone density (Han et al., 2012).

Isolated Compounds and Antioxidant
Properties of Oyster and Black Jelly
Mushroom
Phenolics Compounds
Bioactive compounds in Pleurotus spp. such as phenolics, lipid,
glycoproteins, peptides, and polysaccharides can be found in
crude extracts, mycelia, and basidioma of Pleurotus spp (Corrêa
et al., 2016). Patel et al. (2012) affirm that bioactive compounds
in the Pleurotus mushroom has potential for therapeutic
purposes in the future. Interestingly, bioactive compounds in
the mycelium and fruiting bodies of oyster mushrooms were
found to have immunostimulatory, anti-neoplastic, anti-diabetic,
anti-atherosclerotic, anti-inflammatory, antibacterial, and anti-
oxidative properties (Golak-Siwulska et al., 2018). Of the low
molecular weight bioactive compounds, polyphenol is the most
popular compound under research because of its anti-oxidative
effects (Palacios et al., 2011; Muszyńska et al., 2013; Piska
et al., 2017). Phenolics compounds have been known for their
function of stabilizeing lipid oxidation, hence it is able to prevent
oxidation damage and protect the human body (Gülçin et al.,
2003; Ren et al., 2014). Phenolics and flavonoids have been found
in Pleurotus ostreatus fruiting bodies and weighing 708mg 100
g-1 D.M and 170mg 100 g-1 D.M. Besides that, phenolics in
mushrooms are reported to have anti-microbial activity and this
may benefit further applications in the pharmacological industry
as a natural source (Adebayo and Oloke, 2017). Researchclaims
if ethanol solvents are used to extract phenolic content in P.
ostreatus, the antioxidant activities would be 94.54%, higher
than methanolic extract (Thillaimaharani et al., 2013). Phenolic
compounds do not only exist in P. ostreatus, but are also found
in, P. djamor (Acharya et al., 2017), P. florida (Thillaimaharani
et al., 2013), and P. gigantues (synonyms: Lentinus giganteus
and Panus giganteus) (Yun et al., 2020). Fruiting bodies of
P. giganteus were found to have phenolic compounds (caffeic
acid and cinnamic acid) and triterpenoids (Thillaimaharani
et al., 2013). Triterpenoids were discovered to have a range of
pharmacological functions, including anti-inflammatory, anti-
diabetic and anti-cancer, and immune function control (Xu
et al., 2018). Phan et al. (2014) emphasized the phenolics
content in mushrooms had positively associated with antioxidant
activity (free radical scavenging, ferric reducing power, and lipid
peroxidation inhibition). Phenolic compounds in P. djamor also
been recorded, which is 7.845 µg gallic acid/ mg dry extract
(Acharya et al., 2017). The most common derivatives of phenolic
compounds were found in Pleurouts spp. was benzoic acid and
benzoic acid derivatives. In P. djamor’s extract, protocatechuic

acid, gallic acid, vanillic acid and syringic acid from benzoic
derivatives were found, while from cinnamic derivatives, caffeic
acid and ferulic acid obtained (Alves et al., 2013). Pleurotus
florida has been recorded to have high phenolic content which is
6.25mg gallic acid/of dry extract extracted using ethanol solvents
(Thillaimaharani et al., 2013). Interestingly, ethanol extract of P.
djamor exhibited excellent antibacterial and antifungal activities
against human bacterial pathogen and non-pathogens such as
E. coli and S. typhi and pathogenic fungi such as T. rubrum, E.
floccosum, and M. gypseum, compared to methanol extract and
chloroform (Thillaimaharani et al., 2013).

Since extracts’ antioxidation capacities are also related to their
levels of phenolic and flavonoid material, there has been a lot of
literature interest in bioactive compounds in Auricularia species.
Wong et al. (2013) reported, A. polytricha from a local Malaysian
food store had the strongest radical scavenging and metal
chelating activities compared to mushrooms obtained locally—
H. tessulatus, P. eryngii, P. florida, and F. velutipes. The author
also reported the total phenolic content highest in A. polytricha
(6.03mg GAE/g dry matter) compared to Pleurotus spp.. Also,
both P. florida and A. polytricha extracts reported had moderate
antimicrobial activity. Total phenol contents has been reported in
A. auricula judae (Packialakshmi et al., 2017), which are 10.25mg
of ferulic acid equivalent/ g and 8.94 g of catechol equivalent/g
(Packialakshmi et al., 2015), both studies were used dried
Auricularia auricula-judae originating from China. According
to Bandara et al. (2019), inflammation is a natural response to
a compromised immune system, and many Auricularia species,
including A. polytricha, possess anti-inflammatory qualities due
to the presence of phenolic compounds. Fresh fruit bodies of
Auricularia auricula-judae grown in Malaysia were found in an
earlier 2000s study to have 56.84mg of gallic acid equivalents/g
of extract (Kho et al., 2009).

Flavonoids
High flavonoid presence in Pleurotus spp. mushroom extracts
may well account for the significant antioxidant activities
recorded in the literature (Patel et al., 2012). Moreover,
antimicrobial activity in flavonoids against S. aureus and E.
coli has been reported (Elisashvili, 2012). Previously, Jaworska
et al. (2015) reported that flavonoid content in P. ostreatus
weighed 70mg 100 g-1 dry matter. P. djamor of flavonoid
acts as reducing agents, free radical scavengers, metal chelators,
deactivators of singlet oxygen, good antioxidants, and have
antimicrobial properties (Sudha et al., 2016). Phan (2015)
reported the flavonoids in wild P. giganteus were 2.09% higher
than in commercial strains. The studies conducted by Prabu and
Kumuthakalavalli (2016) concluded that P. florida has significant
antioxidant and antimicrobial properties due to its bioactive
secondary metabolites and phenols (Adebayo and Oloke, 2017).

Flavonoids are the most abundant and extensively distributed
class of plant phenolics, and they are extremely potent
antioxidants. According to Ng and Rosman (2019), of the
Pleurotus and Auricularia species studied, P. sajor-caju had
the greatest flavonoid concentration, followed by A. polytricha.
Furthermore, flavonoids, particularly catechin, quercetin, and
chrysin, were the most abundant phenolic components in
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Pleurotus spp. This is consistent with the current finding that
Pleurotus sajor-caju (gray oyster) had the highest flavonoid
content of the five mushrooms tested [Agaricus bisporus
(white button), Auricularia polytricha (black jelly), Flammulina
velutipes (enokitake), Lentinula edodes (shiitake), and Pleurotus
sajor-caju (gray oyster)]. P. sajor-caju, which had the highest
flavonoid content, also had the strongest anti-amylase and anti-
aglucosidase activity, whereas A. polytricha had the least amount
of activity. The TFC in Auricularia spp. was enhanced by
steaming and pressure cooking. L. polytricha and L. polytricha
edodes by 119 percent and 117 percent, respectively, although
all cooked P. sajor-caju extracts showed a considerable loss of
total flavonoid content. When compared to the WPC, cooking
had a smaller effect on the total flavonoid content in mushroom
extracts. In vitro digestion also resulted in the greatest increase
in total flavonoid content (3,097%) and water phenolic content
(281%) in pressure-cooked A. polytricha extract. Wong et al.
(2013) reported the total flavonoid contents highest in A.
polytricha, 6.95mg QE/g dry matter compared to Pleurotus spp..
Total flavonoid contents has been reported in A. auricula judae
(Packialakshmi et al., 2017) as 5.36mg of quercetin equivalents/g,
and 3.49mg of rutin equivalents/g (Packialakshmi et al., 2015).
Another study shows that cultivated A. auricula has a lower
amount of total flavonoid content, which is only 0.86mg of
catechin equivalents/100 g, the mushroom tested was from a local
market in Thailand (Srikram and Supapvanich, 2016).

Ergothioneine
In humans, a high concentration of ergothioneine exists in the
bone marrow, liver, kidneys, and the lens of the eye/cornea.
Even though ergothioneine is most commonly found in human
tissues, its deficiency of it does not cause any harmful effect on
human health, therefore it is not considered an essential dietary
component for human consumption (Cheah and Halliwell,
2012). However, a thiol-containing amino acid, ergothioneine has
been discovered to have an essential source inmushrooms, as well
as its antioxidant properties. Another benefit of ergothioneine
is that it protects cells from oxidative stress caused by reactive
nitrogen forms such as nitric oxide. Dubost et al. (2007)
found the highest ergothioneine content in oyster mushrooms
compared to button, portabella, and shiitake mushrooms and
other vegetables, such as spinach and broccoli. This shows oyster
mushroom is a great source of ergothioneine. To the extent
of readings, species recorded to have high ergothioneine were
only reported in P. ostreatus (Ey et al., 2007), P. cornucopiae,
P. eryngii (Duy Bao and Ohshima, 2013). Authors reported that
the ergothioneine is mostly extracted from mushroom fruiting
body and mushroom mycelia (Duy Bao and Ohshima, 2013).
Ergothioneine in Pleurotus spp. is also functional to prevent and
treat atherosclerosis via the reduction of oxidative stress (Abidin
et al., 2017). Paul and Snyder (2010) reported in the review, that
deficiency of ergothioneine in cells could lead to DNA damage
and protein and lipid oxidation induced by oxidative stress.

Ergothioneine commonly exists in mushroom species such as
in Pleurotus genus mushroom, Boletus edulis, Agrocybe aegerita,
and many more (Lee et al., 2009; Chen et al., 2012; Kalaras
et al., 2017). It is mainly found in the fruiting bodies and

mycelia of the mushroom. This compound is also famous for
its antioxidant properties and other beneficial content. Lo et al.
(2012) reported the highest ergothioneine was in fruiting bodies
and mycelia of Volvariella volvacea (537.27 mg/kg), Boletus
edulis (258.03 mg/kg), Pleurotus ferulae (250.23 mg/kg), and
P. salmoneostramineus (222.08 mg/kg). While, ergothioneine in
Auricularia spp, such as A. fuscosuccinea and A. polytricha, was
only 21.4 mg/kg and 1.4 mg/kg dry weight. In fact, the Pleurotus
spp. has better content of ergothioneine than Auricularia spp.,
ranging from 26.2 to 250.2 mg/kg and 1.4 to 21.4 mg/kg dry
weight. Although many studies reported ergothioneine popular
content in fungi mushroom, there are some that were not
detected in fruiting bodies and mycelia, for example Inonotus
obliquus and Termitomyces albuminosus (Genghof, 1970; Lo
et al., 2012).

DPPH (1,1-diphenyl-2-picryl-hydrazyl) Free
Radical Assay
Lam and Okello (2015) in the study of the effect of
different blanching methods on antioxidant properties of oyster
mushrooms discovered that raw P. ostreatus gave 14.46 µmol
TEAC/g of DPPH radical scavenging ability (extraction by
methanol). Between commonly cultivated oyster species, the
fruiting body of king trumpet or king oyster (91.84%) has
higher DPPH percentages compared to the fruiting body of
pink oyster (87.15%), white oyster (83.82%), Indian oyster
(78.79%), and pearl oyster (61.98%) mushroom (Krakowska
et al., 2020). While compared to Auricularia species, Pleurotus
species has lower percentages of scavenging ability either by
methanolic or aqueous extraction method (Oke and Aslim,
2011). In previous research, Corrêa et al. (2016) investigated and
compared the hydrophilic and lipophilic compounds, as well as
the antioxidant, anti-inflammatory, and antimicrobial activities
of P. ostreatoroseus fruiting bodies and submerged culture
mycelia (by ethanolic extraction). Five free sugars, four organic
acids, four phenolic compounds, and two tocopherols were
discovered in the bioactive formulations. In brain homogenates,
the fruiting body-based formulation showed stronger reducing
power, DPPH scavenging activity, also higher anti-inflammatory,
and antibacterial effects than the mycelium-based preparation.

A study conducted by Wong et al. (2013) showed that at
different mushroom extract concentrations (from 4,000, 2,000,
1,000, 500, 200, 100, 50µg/ml) A. polytricha has the highest
DPPH scavenging activity, compared to P. eryngii and P. florida.
A. polytricha’s high antioxidation capacity was demonstrated by
its low EC50 values (which <50mg dry matter/ml) (Wong et al.,
2013). Additionally, EC50 values are shown, which represent the
concentration of extract necessary to scavenge 50% of DPPH
radicals (Wong et al., 2013). The A. polytricha were obtained
in Kampar, Malaysia, at a local food store. In another study
conducted by Kho et al. (2009), all extracts of Auricularia
auricula-judae (freeze-dried, oven-dried, and mycelium) have a
significant scavenging action on DPPH radicals, however, fresh
fruit body extract could not be dissolved in methanol, which
could be due to the high fiber content of fresh fruit bodies. As a
result, the DPPH radical scavenging effect of this extract could
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not be evaluated. In fact, the butylated hydroxyanisole (BHA)
was used for related concentrations as the positive control as
it dissolved in methanol. From the findings, A. auricula judae
values gave incomparable percentage of scavenging activity on
DPPH free radicals. Differ from He et al. (2012), in the study
A. auricula recorded the EC50 values of scavenging action on
DPPH radicals was 1.62 mg/mL, vitamin C was used as standard
antioxidant and positive control.

FRAP (Ferric Reducing Antioxidant Power)
Assay
Kibar (2021) in the study conducted the FRAP analysis on
the P. ostreatus mushroom before applying the different drying
methods and cold storage treatments. From the FRAP analysis,
it was found that the antioxidant activity of the FRAP assay
was 68.53 (µmol g−1TE). Contrary, from the findings of Lam
and Okello (2015), the FRAP values of 11.21 µmol/g were
found in raw P. ostreatus. Despite employing the same assays,
comparing antioxidant activity to previously published data is
difficult due to a lack of uniformity in techniques and data
interpretation. The FRAP values of Kanagasabapathy et al. (2011)
on ethanol aqueous extract of P. sajor-caju (26.29 µmol/g) and
Zeng et al. (2012) (13 µmol/g extract) are likewise comparable.
Mushroom antioxidant activity was shown to be substantially
linked with total polyphenol content. The total polyphenol
content and antioxidant assays (FRAP) were shown to have
substantial positive relationships in this investigation. This shows
that the differences in antioxidant capabilities observed in the
methanol: water extracts were attributed mostly to the overall
polyphenol concentration of the extracts. Despite this, some
research has found no link between polyphenol concentration
and antioxidant activity in certain vegetables (Ismail et al., 2004).
P. ostreatus, in conclusion, is an excellent source of beta-glucan,
dietary polyphenols, and antioxidants.

Since most of Auricularia spp. had an extensive amount of
phenolic and valuable polysaccharide which exert antioxidant
properties, many studies have been conducted locally (Kho et al.,
2009; Mahfuzatunajla, 2012) and internationally (Packialakshmi
et al., 2015, 2017; Srikram and Supapvanich, 2016) to examine
their ability to scavenge free radicals by single electron transfer. In
2009, FRAP assay of grown local fresh fruit bodies of Auricularia
auricula judae was found to have 56.84 µmol of FeSO4 • 7H20
equivalents/g of extract (Kho et al., 2009). The author concludes,
the significant positive correlation between FRAP value and
total phenolic content indicates that phenolics contribute to A.
auricula-judae’s antioxidant activity. These findings shed light on
some of the uses of Auricula auricula-judae in folk medicine and
add to the body of knowledge regarding the plant’s medicinal
properties. Mahfuzatunajla (2012) conducted a FRAP assay of
locally grownmushrooms and discovered the highest antioxidant
activity in Auricularia auricula-judae with the lowest IC50, which
is 52.7µg/ mL. Total antioxidant capacity of the mushroom from
Srikram and Supapvanich (2016) exhibited in the range of 0.86
mmol of Trolox equivalents/100 g of dry weight, among lowest
from L. squarrosulus, P. sajor-caju, V. vovacea, and L. polychrous.
Auricula auricula’s ferric reducing power was observed to be

dependent on the concentration. At 4 mg/mL, A. auricula had a
reducing power of 0.403 nm, the results indicate that A. auricula
has a greater potential for hydrogen donation, implying that it
possesses significant reducing power (Packialakshmi et al., 2017).
Nattoh et al. (2016) examined reducing power assay on four
different parts of the body of Pleurotus djamor, those being
spawn mycelia phase, early young fruiting body, young fruiting
body, and mature fruiting body. Results showed the ethanolic
extract of young fruit body yield at 5 mg/ mL concentration had
the highest (11.491) reducing power activity, higher than water
extract of young fruit body of P. djamor (10.077). The bioactive
compounds and both DPPH and FRAP assay of Pleurotus spp.
and Auricularia spp. from studies can be simplified in this below
Supplementary Table 4.

Heat Treatments on Isolated Compounds
and Its Bioactivity of Pleurotus spp. and
Auricularia spp.
Pre-treatments Before Drying
Pre-treatment methods are frequently used prior to various
drying processes to avoid color changes, inhibit enzyme activity,
reduce the number of microorganisms, enhance flavor retention,
and improve the overall stability of mushrooms. Blanching,
soaking in potassium metabisulphite (Brennan et al., 1999), and
citric acid (Brennan et al., 2000) are all traditional pretreatment
methods, but various means including whey fermentation, curd
fermentation, and others have been reported. As for blanching,
they are typically blanched at 95–98◦C in water or antioxidative-
containing aquatic solutions. This treatment might last from
20 s and 15min. Blanching is the first procedure after washing
and is mostly applied with chemical treatments such as sodium
metabisulfite, citric acid, brine made from table salt, and sodium-
calcium salt of versenic acid (CaNa2EDTA). Blanching in only
water and with added chemical treatments may give a different
result for the mushroom. As an example, 15min of water-
only blanching mushrooms could reduce the darkening of
the pilei induced by enzyme activity; due to the complete
inactivation of peroxidase (Bernaś et al., 2006). Another study
also found that blanching without chemical treatment could
prevent the phenolic content losses (Mutukwa et al., 2019). A
study conducted byWalde et al. (2006) on the effect of the drying
rate of different pre-treatments reported soaking with fermented
whey and blanching followed with curd can decrease the drying
time of oyster mushrooms compared to control, only blanching,
only whey, only curd, and blanching followed with whey
treatment. Those blanching treatments involve a temperature of
90◦C. The addition of citric acid and using a brine consisting
of table salt and sodium-calcium salt of versenic acid could
improve the color and texture of sterilized mushrooms while also
increasing their microbiological resilience (Bernaś et al., 2006).
According to Nöfer et al. (2018), prolonged drying time and high
temperatures may degrade the mushroom aroma. According to
Hassan and Medany (2014), pre-treatment of P. ostreatus and
P. eryngii with 0.1% sodium metabisulfite at room temperature
improved mushroom color and microbiological characteristics,
while also retaining its nutrients. The highest rehydration ratio
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was found in the untreated mushrooms. Additionally, soaking
mushrooms in 0.1% NaCl or 0.1% citric acid for 10min at
room temperature produced acceptable results, though they were
not as good as those treated with sodium metabisulfite. Hassan
and Medany (2014) found out blanching as a pre-treatment
is ineffective for enhancing the quality of dried mushrooms.
Not just them, Argyropoulos et al. (2011b) in the research
concluded that blanching can cause undesired color and texture
of mushrooms (hardens), while also inhibiting enzyme activity
and reducing microbial populations.

Solar Drying
Natural sun-drying is still widely utilized in many cultures due to
its low-investment, simple operation, and energy-savings. Direct
solar drying includes spreading out the mushroom to be dried
in a thin layer on large outside free open surfaces and leaving it
until it reaches the necessary moisture content. During the day,
the mushroom must be flipped over to allow stored moisture to
escape. The drying surface is usually concrete with polyethylene
nets, although sensitive food is placed on perforated trays.
Obviously, the drying rate is low. The crops must be left outdoors
for 10–30 days, depending on their type and the local weather
(Belessiotis and Delyannis, 2011). Moreover, the open sun drying
procedure can also cause significant loss and quality degradation
due to pollution, insufficient drying, microbial development,
and other factors. Therefore, technology has been developed,
such as solar drying, to alleviate these limitations, in which
the mushrooms are maintained in a UV irradiation chamber
equipped with UVB lamps for drying. One study reported that
there is a benefit of exposing mushrooms to a UVB light, which is
the greater generation of vitamin D2, especially when it is sliced
and followed by freeze-drying (Nölle et al., 2017). The study was
conducted by exposing the samples on both sides and irradiating
for 20min at room temperature until a dose of 1.5 J/cm2 (2.54
mW/cm2) was reached independently of slicing or drying (Nölle
et al., 2017). Solar dryers are rather basic equipment. They
range from relatively rudimentary ones used in small, desert, or
remote communities to more complex industrial systems. Forced
convection cabinet solar dryer type is recommended as it assists
in keeping constant conditions inside the drying chamber, such
as temperature and air velocity, increases the drying rate, and
decreases the moisture rate (Bhavsar and Patel, 2021). Moreover,
the efficiency of natural solar dryer and forced convection solar
dryers was determined to be 19.27 and 35.60%, respectively.
Reyes et al. (2013) in the study, dehydrated mushrooms using
a hybrid solar dryer that had a three-square-meter solar panel
and electrical resistances. As to the results, solar energy succeed
in conserving between 3.5 and 12.5% of total energy. Mishra
et al. (2016) studied the antioxidant properties and mineral
composition of oyster mushrooms in relation to the different
drying processes used. Solar dried oyster mushrooms were
discovered to be extremely rich in a variety of antioxidants and
minerals, compared to sun-dried oyster mushrooms.

Hot Air Drying
The simplest and most extensively used type of drier is
hot air drying. This method is frequently used to dry wild

mushroom species such as Craterellus cornucopioides, Boletus
edulis, Morchella spp., Cantharellus cibarius, and Lentinula
edodes. Typically, mushrooms are placed on a tray and pushed
into a cabinet or tunnel dryer for hot air drying. When heated
to a temperature of 50–70◦C (Argyropoulos et al., 2011a) and
combined with air convection, the hot wind evaporates the
moisture contained within the mushroom, fulfilling the aim
of drying. High temperatures and rapid air convection are
favorable for mushroom drying in terms of drying speed alone.
However, if the water on the surface of the mushroom flows
too quickly, the internal water does not have enough time to
reach the surface, and the surface might become overheated. As
this process develops, the moisture content of the mushroom
falls, the drying rate consumes more energy, and dramatically
slows, making drying more difficult. Inadequate hot air drying of
mushrooms can result in distinctive color changes and structural
deformations (Kotwaliwale et al., 2007). Inah et al. (2021) studied
the effect of oven-hot air drying on the sensory attributes of theA.
auricula judae. The results showed the optimal process variables
for treating mushrooms are 110 minutes of hot air drying with
a temperature of 75◦C. The greatest desirability index 0.648.
(64.8%) was achieved.

Microwave-Vacuum Drying Technique
In the initial days of drying, hot-air drying is undeniably
practical. As days go by, the dehydration became impractical in
the food industry, as hot-air-dried mushrooms will lose color and
shape and the process takes substantially longer and consumes
significantly more energy. Microwave drying has been used to
solve these issues, either alone or in combination with hot air
drying. Microwave drying is faster than conventional drying due
to less heat loss, volumetric heating, easy automatic control, and
lower equipment footprint. Microwave drying may considerably
reduce drying time and improve product quality. Microwave-
assisted or accelerated drying technologies have been extensively
studied (Zhang et al., 2006). Microwave-assisted drying is ideal
for heat-sensitive items like mushrooms. Microwave energy has
the ability to increase product quality, but the inappropriate
application might cause irreversible changes in dried vegetable
quality. Also, for mass transfer control, the microwave energy
is pulsed to enhance drying efficiency because continuous
heating does not accelerate moisture removal. Microwave drying
mushrooms at reduced power density with warm air has
increased moisture diffusivity, rehydration, and flavor retention.
According to Askari et al. (2009), unlike other agricultural goods,
microwave treatment can degrade the quality of mushrooms.
Therefore, vacuum and microwave drying have been combined
to increase dried mushroom quality. Also, due to high initial
and ongoing expenses, microwave-vacuum processing has lately
been utilized in conjunction with hot-air drying. It can be
used after pre-drying with hot air to remove moisture when
the drying rate slows. The material is dry on the surface and
damp in the center. Microwave energy can selectively heat
the interior of products, causing a high steam pressure. The
dry surface acts as a barrier, preventing rapid pressure release,
resulting in puffed produce. Vacuum, on the other hand, allows
rapid mass transport at low temperatures, speeding up the
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final drying cycle. When working with temperature sensitive
materials like mushrooms, combining drying procedures may
be required to produce high-quality dried products. Das et al.
also discovered a method to rapidly dry mushrooms using
microwaves and convective hot air, achieving commercial quality
in only 72min (Das and Arora, 2018). Argyropoulos et al.
discovered that combining hot air andmicrowave vacuum drying
produced good quality mushrooms with less color change, soft
texture, and a high rehydration rate. Combined drying can make
mushroom structure airy and crunchy, allowing for innovative
snack development (Argyropoulos et al., 2011a).

Effects of heat treatments on isolated compounds and
antioxidant activities of Pleurotus spp. and Auricularia spp.

Analysis of Phenolic Compounds Content
Singhal et al. (2020) explain in their study that the phenolic
content increased during the first hour of drying using a
tray/cabinet drier and then declined with time. Also, two
phytochemical kinetic models were used. Since the capacity
of drying equipment to preserve nutrients at low cost is still
being studied, a kinetics analysis of nutritional characteristics is
necessary. This helps understand how food molecules degrade
throughout processing (Sarpong et al., 2018). For free radical
scavenging activity (percent inhibition) and phenolic content
degradation, a first-order kinetic model could be predicted
better than a second-order model using statistical parameters.
Additionally, the D value of phytochemicals is being examined.
The figures indicated the time (hr.) required to reduce the
phytochemical content by 90% at each temperature (60, 65, and
70◦C). Ascorbic acid, which has the greatest D values, degraded
the fastest during heat treatment, followed by total flavonoids
and total phenolics. The total phenolic content of dried Pleurotus
sajor-caju samples was assessed by Mishra et al. Sun dried sample
had 31.4mg GAE/g dry weight, which was greater than hot
air dried sample (28.7mg GAE/g dry weight) (Mishra et al.,
2016). Phenolic molecules could be utilized to assess antioxidant
capability. The antioxidant activity of mushrooms is linked to
their phenolic component concentration. A study conducted
by Mutukwa (2014) concluded that among the chemical pre-
treatments, vinegar and potassium bisulfite produced the highest
total phenolic chemicals. The drying process had no effect on
total phenolic content. The interaction of the blanching method
with chemical pre-treatment on total phenolic compound
content was significant. The vinegar and potassium bisulfite
treated samples with no blanching had 8.31 mg/g GAE and 8.4
mg/g GAE of phenolic, respectively (Mutukwa, 2014). Water
blanched samples with a chemical preparation had smaller total
phenolic content than water blanched samples with no chemical
pre-treatment. Unblanched samples had greater total phenolic
content than blanched samples among those that received a
chemical pre-treatment. This could be explained by the fact that
potassium bisulfite is a reducing agent, and so the increased total
phenolic content reported in potassium bisulfite-treated samples
could be a result of this molecule. Polyphenols were found in
white vinegar, but no flavonoids, therefore the vinegar treatment
may have enhanced the total phenolic content of the sample
(Lopez et al., 2005). Furthermore, leaching may be the cause of

the decreased total phenolic compounds in the blanched samples.
Blanching may have facilitated the loss of phenolic chemicals.
This may include the release of bound phenolic compounds
and/or disruption of phenolic compound and cell wall structure,
facilitating phenolic compound leaching out after blanching.

The investigation showed that different processing processes
did influence A. auricula-judae total phenolic content (Kho
et al., 2009). Oven-dried A. auricula-judae fruit bodies had
2.75 times more total phenolics than fresh fruit bodies. The
amounts of total phenolic contents in freeze-dried tomatoes
increased 2.6% to 5.9% compared to the fresh ones, and the
total phenolic contents in oven-dried tomatoes increased 13% to
29% compared to the fresh ones. This may be due to the drying
process releasing phenolic chemicals from the matrix. Processing
may speed up the release of bound phenolic compounds by
breaking down cellular components. The high temperature of the
oven-drying procedure may denature oxidative and hydrolytic
enzymes that could damage phenolic compounds in A. auricula-
judae. This may have increased the antioxidant capacity of A.
auricula-judae by reducing phenolic acid loss. The freeze-dried
A. auricula-judae fruit bodies had 3.54 times the total phenolic
content of the oven-dried fruit bodies. This may be related
to greater overall phenolic extraction efficiency. During freeze-
drying, ice crystals form within the fruit bodies’ matrix. Ice
crystals can cause more cell rupturing, allowing for improved
solvent access and extraction. The cooking process reduced
the water-soluble phenolic content (WPC) of all mushroom
extracts by 29% to 85% (Ng and Rosman, 2019). With the
loss of WPC in all cooked mushroom extracts, especially F.
velutipes and L. edodes, came a loss of FRAP values, indicating
WPC contributes to their antioxidant activity. This trend was
absent in A. bisporus, A. polytricha, and P. sajor-caju (Ng and
Rosman, 2019), perhaps due to the existence of heat-resistant
antioxidant substances other than phenolics such as b-glucan
and amino acid, ergothioneine (Soler-Rivas et al., 2009) and
heat-stable component (superoxidase dismutase and quinone
oxidoreductase). After conducting in vitro digestion (simulates
human gastrointestinal digestion to assess phenolic content
digesting stability on the reducing power, and radical scavenging
capabilities in digested mushroom products), Ng and Rosman
(2019) found the pressure-cooked A. polytricha extract had the
largest increase in WPC (281%). In the digested microwaved
samples, WPC increased significantly for A. polytricha (156%)
and L. edodes (116%) but decreased significantly for A. bisporus
(-48%) and P. sajor-caju (-60%).

Analysis of Flavonoid Content
Singhal et al. (2020) studied the effect of heat on flavonoids
in mushrooms (microwave blanched for 30 s, then osmotic
dehydration in 15% sodium chloride solution for 10min). The
study concluded that as temperature and time increased, the
flavonoid content decreased. Flavonoids lose much more at
70◦C than at 60◦C. In apricots, Madrau et al. (2009) found
that 75◦C results in a greater loss of flavonoids than 55◦C. The
bigger the enthalpy change, the more heat-sensitive the chemical
(Karaaslan et al., 2014). Hence, ascorbic acid and flavonoids are
more heat-sensitive than total phenolics. Furthermore, positive
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enthalpy change values indicate that the breakdown of flavonoids
and ascorbic acid constituted an endothermic reaction. A
similar result was reported by Sarpong et al. (2018). The total
flavonoids in oyster mushroomwith different blanching methods
(control, water, and steam) and different chemical treatments
(no chemical, with potassium bisulfite, lemon juice, and vinegar)
was assessed by Mutukwa (2014). The water-blanched samples
had the highest total flavonoids, while the un-blanched samples
had the lowest. The drying method had no impact on total
flavonoid content. Total flavonoid content was affected by the
blanching procedure with chemical pre-treatment. Blanching
and soaking in different pre-treatments increased overall
flavonoid concentration. The unblanched samples showed the
lowest total flavonoid concentration, except for those treated
with potassium bisulfite. While the blanched samples exhibited
higher flavonoid concentration than the unblanched samples.
Water blanching yielded more total flavonoids than steam
blanching. Heat may increase flavonoid availability, resulting
in increased flavonoid content in blanched samples. A 15-
min heat treatment at 100◦C increased free flavonoids while
decreasing bound flavonoids, according to Choi et al. (2006).
These alterations may be due to heat disrupting the cell wall
and leading to the release of bound flavonoids. Given that
blanching mushrooms and soaking them in chemicals both cause
nutrient leaching, these findings suggest that polyphenols in
the flavonoid class are less susceptible. Blanching and chemical
pre-treatments reduce polyphenol oxidase activity. Therefore,
combining both treatments should help maintain polyphenols,
which contribute to greater total flavonoids. It is also possible
that the chemical pre-treatments affected the total flavonoid
content directly. This may have aided in the total flavonoid
concentration detected in lemon juice treated samples (Gattuso
et al., 2007). The amount of flavonoids in Pleurotus ostreatus
dried fruit extracts resulted in the following order: microwave,
freeze-drying, hot air drying, and sun-drying (Piskov et al., 2020).
Despite the expexctations of Piskov et al. that low-oxygen and
low-temperature freeze-drying would limit flavonoid losses, the
microwave drying sample extracts had the highest flavonoid
content. Toor and Savage (2006) explained that this result could
be because the permeability of microwave radiation damages the
cellular components of tissue, hence increasing the accessibility
of flavonoids for extraction. Microwave drying also preserves
more flavonoids than hot air drying due to its rapid heating. Sun-
dried samples had the lowest flavonoid levels, this is most likely
related to drying time and consequently oxidation processes, as
shown by Oprica et al. (2019) in their studies of dehydrogenation
in plants. True retention of minerals, vitamins, and bioactive
compounds in mushrooms has been studied by Lee et al. (2019)
while undergoing steaming, blanching, microwaving, boiling,
and roasting. Alpha-glucan shows higher values in all cooking
methods except for raw, while total flavonoid shows higher values
in the microwave and roasting method other than that the values
decreased. Also, Ng and Rosman (2019) claimed the flavonoid
content was improved by 119% and 117% in A. polytricha after
steaming and pressure cooking, respectively, while there was a
considerable loss of flavonoid content in all cooked P. sajor-caju
extracts. When compared to the phenolic content, cooking had

a smaller effect on the flavonoid in mushroom extracts. Total
flavonoid content (3,097%) of pressure-cooked A. polytricha
extract increased the most after in vitro digestion.

Determination of Ergothioneine Content
There was a statistically significant difference in the amount
of ergothioneine present in no blanching, water blanching,
and steam blanching of oyster mushrooms (Mutukwa, 2014).
The highest concentrations of ergothioneine were found in
the unblanched samples, followed by the steam blanched
samples, and the lowest concentrations were found in the
water blanched samples. This loss was most likely caused
by leaching. Nguyen et al. (2012) steamed, boiled, and
microwaved Flammulina velutipes mushrooms for 2–5min and
discovered that all of these treatments reduced the amount of
ergothioneine in the mushrooms, with the boiled mushrooms
showing the greatest reduction in this component. According
to their findings, heat degradation was not considered, and
the reduction was attributable to leaching instead. Increased
ergothioneine yield was seen as the microwave-convective drying
temperature was raised up to 70◦C, after which the yield
began to decline progressively as the drying temperature was
raised even higher (Bhattacharya et al., 2013). Microwave-
convective heating enables the temperature of the product
to rise dramatically, resulting in a flux that aids in the
quick evaporation of water vapor from the product. True
retention of minerals, vitamins, and bioactive compounds in
mushrooms has been studied by Lee et al. (2019) while
undergoing steaming, blanching, microwaving, boiling, and
roasting. The ergothioneine concentration of mushrooms was
significantly reduced by all of the cooking methods. Boiling
induced the greatest loss of ergothioneine in the shiitake
mushrooms when compared to the other cooking procedures.
Lee et al. (2019) came to the conclusion that microwaving
and roasting were preferable to other cooking methods in
terms of retaining functional compounds such as ergothioneine,
polyphenols, and flavonoids while boiling resulted in the greatest
reduction in the amount of functional compounds present
in mushrooms.

Analysis of Heat on Antioxidant Activities
Piskov et al. (2020) studied the effects of different drying
methods (microwave, hot air, and solar drying) on the maximum
antioxidant properties (ferric reducing ability, reducing power
activity, antiradical scavenging activity, total antioxidant
capacity, the activity of inhibiting lipid oxidation) and ACE-
inhibiting activity. From the study, electrochemical analysis
revealed that hot air-dried oyster mushrooms possessed a high
overall antioxidant capacity. The remaining mushroom extracts
were accepted in the following order: freeze-drying> sun-drying
> microwave drying. Contrary to expectations, microwave
drying extracts with the highest antioxidant activity measured
using spectrophotometric methods (Reducing Power Activity,
ABTS, and FRAP assays) had the lowest total antioxidant
activity evaluated using the electrochemical approach. Study
shows P. sajor-caju treated with sun dry has high FRAP values
than solar dry and hot air treatments, while DPPH assay has
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shown higher values in solar dry compared to sun dry and
hot air (Mishra et al., 2016). Lam and Okello (2015) observed
FRAP antioxidant activity of blanched treatment of P. ostreatus
is reduced compared to raw/fresh mushroom. Tan et al.
(2015) examined the DPPH free radical scavenging assay of
mushrooms cooked in boiling, microwave, and pressure cooking
compared to the uncooked sample. The antioxidant activity
of Pleurotus pulmonarius increased by 151% when boiling for
5min compared to uncooked samples (16.56 ± 0.18%). The
antioxidant activity of Pleurotus citrinopileatus, P. flabellatus, and
P. floridanuswas not affected by boiling. Pleurotus cystidiotus and
P. eryngii had reduced antioxidant activity (relative percentage
12 and 77%) than raw samples. Lee et al. (2007) found that
hot water extracts of P. citrinopileatus (heated at reflux for 1 h)
scavenged 20.7–2.3 % at 20 mg/ml. After 5min of boiling, P.
citrinopileatus had 18.8% scavenging ability at 5 mg/ml. To
compare the DPPH free radical scavenging activity of boiled
(100◦C, 1 h) Agaricus bisporus (button mushroom) to uncooked
(15.6–65.8%), Jagadish et al. (2009) found that the boiled
(100◦C, 1 h) Agaricus bisporus decreased by 8.3–53.1%. The
increased boiling time may have reduced the scavenging ability
of bioactive chemicals in mushrooms. The antioxidant activity
of P. floridanus, P. flabellatus, and P. pulmonarius (0.46; 4.60
and 6.72, respectively) increased significantly after microwave
heating (1.45, 6.50, and 14.43 correspondingly). However, P.
citrinopileatus, P. cystidiosus, and P. eryngii demonstrated lower
antioxidant activity than the uncooked sample, with relative
percentages of 44, 65, and 70%. Kettawan et al. (2011) reported
that the texture, color, and form of each mushroom variety may
alter antioxidant activity. P. cystidiosus and P. eryngii had thick,
meaty, solid, and hard features where the microwave heat may
not have entered the mushroom tissue or broken the cell wall to
free the antioxidant compounds. However, Hayat et al. (2009)
observed that microwave treatment could speed up the release
of phenolic chemicals from orange peels by thermally destroying
the cell wall and subcellular compartments. Microwave cooking
retained more phenolic acids in Boletus mushrooms than
pressure cooking, steaming, boiling, or frying, according to
Sun et al. (2014). When compared to all other processed and
uncooked mushrooms, P. floridanus had the highest scavenging
ability (>200%). The increase in antioxidant activity may be
attributed to the fiber complexes being released during pressure
cooking (low moisture level and high temperature). The DPPH
radical scavenging activities of P. flabellatus and P. pulmonarius
increased by 10.01 and 10.02, respectively. P. citrinopileatus
and P. eryngii demonstrated 50 and 67% decreased scavenging
ability by pressure cooking compared to raw samples. Choi et al.
(2006) found that increasing heating time and temperature will
greatly influence Lentinula edodes’ DPPH radical scavenging
activity. P. pulmonarius, P. floridanus, and P. flabellatus have
thinner and softer tissue than P. eryngii and P. cystidiosus. Thus,
high-pressure cooking may liberate phenolic chemicals more
easily from mushroom tissues. Thermal reactions may also
produce greater antioxidants. Furthermore, it was discovered
that cooking ordinary beans (Phaseolus vulgaris) for longer
periods of time increased their free radical scavenging activity
(Rocha-Guzmán et al., 2007). An antioxidant assay, FRAP,

and DPPH method showed, that the steamed A. polytricha
mushroom showed the highest antioxidant activities compared
to boiling, microwaving, and stir-frying the mushrooms
(Shamaruddin et al., 2021). The antioxidant activity of cooked
Auricularia polytricha has been investigated by Ng and Rosman
(2019). It is found out that boiling A. polytricha would be the
best option for cooking to achieve best antioxidant values, while
for P. sajor caju preferably by pressure cooking. Interestingly,
cooked A. polytricha and P. sajor caju showed decreasing value
in water soluble phenolic content, however that doesn’t affect
the FRAP values, in fact the FRAP values of boiled and steamed
A. polytricha and P. sajor caju was increased. This can be
explained by the presence of non-phenol molecules such as
b-glucan and amino acid, ergothioneine, which are heat-resistant
anti-oxidants (Soler-Rivas et al., 2009). Moreover, steaming and
pressure cooking are believed to improve the total flavonoid
content in A. polytricha (not in P. sajor caju), therefore the FRAP
values increased. The study conducted using autoclave and
the temperature arrangement mimicked the domestic cooking
styles, which are 95◦C (steam), 100◦C (boiling), and 121◦C
(pressure cooking). Kho et al. (2009) in their study found that
because of the high fiber content in fresh fruit bodies of A.
auricula-judae obtained from a local farm at Tanjung Sepat,
Selangor, Malaysia, the extract of fresh fruit bodies could not be
dissolved in methanol. As a result, the DPPH radical scavenging
effect of this extract could not be calculated. Therefore, the
EC50 value of BHA, was employed as a positive control, and
the results was 12.05µg/mL. The extracts of freeze-dried fruit
bodies of A. auricula-judae had the lowest EC50 value of 2.02
mg/mL. BHA is a pure or concentrated synthetic phenolic
antioxidant. It can scavenge reactive oxygen species like DPPH
free radicals by giving them labile hydrogen and leaving behind
an oxidized phenolic ion that is stabilized by the resonance of the
benzene ring. This could explain why BHA had a stronger free
radical scavenging activity than A. auricula-judae extracts. It was
found that 1 mg/mL air-dried and oven-dried ear mushrooms
grown in Taiwan with an EC50 value of 91µg/mL showed a
100 percent scavenging effect (Mau et al., 2001). It is possible
that the variation in species and growing environment accounts
for the significantly high free radical scavenging potency of ear
mushrooms grown in Malaysia. When compared to the EC50
value (2.02 mg/mL) exhibited by freeze-dried fruit bodies of
Auricula judae, fresh fruit bodies of Phenillus linteus, a wild
fungus, had a low EC50 value of 22.1 g/mL (Song et al., 2003).
The scavenging capabilities of freeze-dried Grifola andMorchella
mycelia with EC50 values of 4 to 5 mg/mL, on the other hand,
were lower than those of A. auricula-judae (Mau et al., 2004). At
a concentration of 4 mg/mL, methanol extracts of A. auricula-
judae freeze-dried and oven-dried fruit bodies had DPPH radical
scavenging effects of 94.77 and 74.04%, respectively, in the
current study. When compared to the processed (freeze-dried
and oven-dried) A. auricula-judae, processed tomatoes are
thought to have only marginally higher DPPH radical scavenging
activity. It is possible that the microwave, pulsed electric
field, and ultrasonic treatments alter the antioxidant activity
of Auricularia polysaccharides, but not their main chemical
structures. The microwave-derived Auricularia polysaccharides
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had reduced molecular weight, higher glucose content, and
improved antioxidant activities, indicating that molecular
weight may be a key factor determining antioxidant activities
(Miao et al., 2020).

Consumer Preferences on Heat-Treated
Oyster and Black Jelly Mushroom:
Pleurotus spp. and Auricularia spp.
Sensory Analysis of Pleurotus spp. and Auricularia

spp.
Studies conducted by Aishah and Rosli (2013) stated that the
taste and features of Pleurotus sajor-caju remain the same when
dried. Çelen et al. (2010) stated at 50◦C heat treatment of
mushrooms risked their taste and protein. The texture, color, or
shape of each mushroom variety can influence the reduction of
antioxidant activities. Pleurotus cystidiosus and Pleurotus eryngii
have thick, meaty, strong, and firm characteristics, suggesting
that the microwave heat did not reach the mushroom tissue or
disrupt the cell wall, allowing the antioxidant compounds to be
freed. Mutukwa (2014) in his experiment on the effect of drying
treatment on the sensory quality of oyster mushrooms, found
that oyster mushrooms in the oven method gave lower yellow
and browning color ratings than solar-dried oyster mushrooms
in terms of appearance. White colors decreased with an increase
in the intensity of yellow and brown. Maillard browning may be
the product of the higher brown and yellow color ratings of solar
drying. Overall acceptability was still recorded as highest for oven
and sundried oyster mushrooms. L∗, a∗, and b∗ values after heat
treatments for oyster and black jelly mushroom were recorded in
Supplementary Table 5.

Hot-air drying at 40, 50, 60, 70, and 80◦C has been applied to
Auricularia auricula-judae, results show as temperature increases
to the 70◦C the appearance is denoted as good in shape and
resilience (Choi et al., 2014). Resilience reduction and low
moisture content of tissue were observed at 80◦C. In terms
of chromaticity, as the temperature increases, the ∗L, ∗a, and
∗b values also increase, while the hardness may vary for each
temperature. One study was conducted by Chen et al. (2020) on
the effect of different drying temperatures on the color of the
Auricularia cornea, the milky-white mushroom, and the light
yellow ventral surface. A major index for selecting the drying
technique is the changes in the color of edible fungi during
drying. The color of the dry fruiting bodies and the rehydrated
fruiting bodies influences sales price significantly. The selection
of an appropriate drying temperature is therefore especially
important. Results show as the temperature of drier increases
from 35, 45, 55, and 65◦C, the L∗ (lightness and darkness), a∗ (red
and green), and b∗ (yellow and blue) values of the dry fruiting
bodies showed random changes. At 35 and 65◦C the 1E values
of the mushroom are lower than the other temperature, the color
is exactly as that of the mushrooms in sun-drying treatments
(Chen et al., 2020). While, at 65◦C the ∗L and ∗a values of
the fruiting body of A. cornea indicates the highest brightness
and lowest redness which can be said the mushroom was in
good color. When compared to A. bisporus dried thoroughly

with conventional hot air, combining hot-air and microwave-
vacuum drying resulted in a dried product of greater quality
(Argyropoulos et al., 2011a). Furthermore, using the combined
process, dried mushrooms with a puffed structure and crispy
texture were created, which might be deemed relevant attributes
for making a snack-type product. A study was conducted by
Shamaruddin et al. (2021) on the effect of sensory quality
of the different domestic cooking of black jelly mushroom.
The authors concluded that it is normal that Auricularia spp.
regains a darker color when exposed to heat, especially during
boiling due to the Maillard reaction. Moreover, the firmness of
the black jelly mushroom getting decreases when exposed to
high temperature compared to raw mushroom. This is because
of as high temperature penetrated the mushroom, cells will
shrink and reduce intercellular space which later causes tighter
hyphae organization within tissue (Zivanovic and Buescher,
2004). Also, the heterogeneous structure of black jelly mushroom
will gave varying results during texture analysis. Heating indeed
alters mushroom tissue, causing membranes to denature and
permeability to rise, resulting in water loss and softening of the
cells, hereto changing the structure. Because the mushroom cell
wall is made up of glucan and chitin and does not provide the
same support as a plant cell wall, the effect of cooking treatment
is more visible in mushrooms than in vegetables. In addition,
hydrolysis in macrostructures of mushroom cells resulting in
additional tissue relaxation. Overall, between heat treatments
there is no significant difference in terms of overall acceptability
such in appearances, texture, color, flavor. Only that chemical
treatments were found the least for overall acceptability.

Trends in Oyster and Black Jelly Mushroom

Consumption
Based on the 52 respondents (refer to Supplementary Figure 3),
most of them had eaten oyster mushroom (82.7%), while for
others it depended on the dish cooked before consumption, and
only a few among the 52 respondents did not ever consume
oyster mushrooms (3.8%). This finding corresponds with the
previous study which found out that the gray oyster mushroom
was the most preferable among consumers in Malaysia, and one
of the most valuable crops that will be commercially farmed
by the Malaysian government (Mohd Tarmizi et al., 2013). The
82.7% mostly included white oyster mushroom and gray oyster
mushroom in their meals, since most of them claimed oyster
mushroom is delicious and has been influenced by their family.
Soup (78%) and frying (68%) are the most favored cooking styles
for mushroom dishes, respondents claimed such styles give the
most flavorful taste to the mushrooms and suit the texture of the
mushrooms. Mohd Tarmizi et al. (2013) found mushrooms had
also been included in Malay cuisine as floss (serunding), in curry
dishes, and as satay.

Generally, the questions asked in the Black jelly section were
similar to the questions asked in the oyster mushroom section.
However, contrary to our expectation, the actual respondents
that had black jelly mushrooms or wood ear mushroom (40.3%)
were much lower than and not even close to the amount who
had oyster mushrooms. Almost half of the respondents voted
they never ate black jelly mushroom and wood ear mushroom
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(46.2%) (refer Supplementary Figure 4). The Department of
Agriculture of Malaysia listed that among 17 types of mushroom,
the cultivation of black jellymushroomwas only 1.17% compared
to oyster mushroom at 90.89% (Rosmiza et al., 2016). This shows
demand for black jelly mushroom is still very low, hence more
local farmers go for oyster mushrooms instead. Interestingly,
respondents who had eaten black jelly mushroom because of its
supposed benefits afterwards considered it delicious, while family
influences were the lowest contributor to self-consumption.

Availability of the Oyster Mushroom and Black Jelly

Mushroom in the Local Community
According to the respondents, most of them had never seen
pink oyster mushroom, hence they had never tried it. This is
understandable since pink oyster mushroom is almost never
seen in the local market (Supplementary Figure 3). According
torespondents, only white oyster and gray oyster mushroom
are commonly found in the supermarket. Moreover, the high
number of people consuming oyster mushroom may because of
the moderate price offered at the supermarket, neither expensive
nor cheap but still affordable for regular consumption. Sincemost
supermarkets in Malaysia mixed imported vegetables and local
vegetables, respondents had no idea the origin of the mushroom
(54%), while 46% of respondents claimed the mushroom was
locally farmed.

In terms of the mushroom availability, black jelly mushroom
was easier to find (89.3%) in the market compared to wood
ear mushroom (14.3%), according to respondents. Moreover,
respondents mentioned that besides the market, online platforms
were also among the best options to get black jelly mushrooms.
However, the price available in supermarkets was considered
somewhat expensive-to-average for the 28 respondents who
consume black jelly mushroom. It can be seen, even though the
price is considered a bit expensive, people still consume black jelly
mushroom, therefore it can be said price is not the sole influence
the consumer for vegetable intake. One study showed that during
fruit season, the prices were lower than other fruits, and they were
sold in abundance even by the roadside (FAMA, 2010), yet those
same findings showed that consumption of low-cost seasonal
fruits did not rise. Thus, the price was not the sole determinant
of seasonal fruit consumption choices. Similarly, another study
comparing consumers from several Asian countries found that
price is not a significant influence on Malaysian food choices
(Prescott et al., 2002).

Nutritional Value of Oyster Mushroom and Black Jelly

Mushroom
On the nutritional side of oyster mushrooms, 54% of the 50
respondents who consume oyster mushroom and 2 respondents
who did not agreed that the style of cooking may decrease
the nutrients, while another 42% disagree with that. It can
be concluded that the knowledge of depletion of nutrients by
higher temperature is not familiar enough. This can be seen
in the results survey, even though washing has no relation
to the depletion of nutrients, 8% of respondents still thought
washing caused nutrients to decrease in mushrooms. However,
84% of respondents agreed depletion of mushroom nutrients

could be caused by high temperature during cooking, style of
cooking, and UV radiation; the least expected to cause low
nutrients in mushrooms was storage in a refrigerator or freezer
(see Supplementary Figure 3). Benefits of oyster mushroom also
were asked in this survey, some respondents agreed the oyster
mushroom is of high nutritional and health-promoting value
(35%), good antioxidant properties from bioactive compounds
(phenolic content) (22%), and is a good source of protein (21%).

In terms of nutrients of black jelly mushroom, respondents
agreed this mushroom contained high nutritional and
pharmacological value and good antioxidant properties
from bioactive compounds (phenolic content). Furthermore,
decrease in nutritional value may be caused by high temperature
during cooking, style of cooking, UV radiation, and storage in
refrigerator or freezer, according to respondents.

Intake of Oyster Mushroom and Black Jelly

Mushroom Consumption
On the other hand, the amount of oyster mushroom intake
was mostly not conscious by the respondents who consume this
mushroom (54%), and only 46% of them were aware of their
intake of this mushroom, therefore it can be seen that both
types of respondent probably never thought of food poisoning
as really being caused by oyster mushroom (56%) or had
actually known about this mushroom causing poisoning (44%).
Since only gray and white oyster mushroom are consumed by
people in any great quantities, it still considered safe, as most
literature recorded no toxicity or poisoning cases reported from
oyster species (Deepalakshmi and Mirunalini, 2014; Sharma and
Gautam, 2015). Interestingly, respondents who never consume
black jelly mushroom (18 people), were conscious about the
toxicity of those mushrooms, rather than respondents who had
eaten this mushroom (11 people).

CONCLUSION AND RECOMMENDATION

It can be concluded that microwave drying have a lot of
benefits as heat treatment to contained bioactive compound
and the quality of oyster and black jelly mushroom, followed
by freeze-drying and oven drying. Blanching mushrooms only
retained flavonoids only but no other valuable components,
therefore instead of blanching, using pre-chemical treatments
alone could enhance the extraction of phenol in the mushroom,
especially potassium bisulfite and vinegar. Ergothioneine yielded
greater after microwave treatments. Phenol and flavonoid were
not the only compounds that can be seen as indicators of
high antioxidant values, this review analysis found antioxidant
properties may be enhanced by other valuable compounds
such as beta-glucans. Therefore, the microwave is seen to
have a better chance to retain these compounds. Apart from
that, boiling the mushroom has become a good option for
domestic cooking to retain bioactive compounds, even if not
as much as microwave treatment for industry purposes, it can
be practical for domestic use in retaining healthy nutrition in
cooked meals. Based on the observation conducted, many still
have not realized that temperature and style of cooking could
impact the nutritional values of these mushrooms, hence it

Frontiers in Sustainable Food Systems | www.frontiersin.org 12 May 2022 | Volume 6 | Article 882939129

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Izham et al. Heat Treatments of Malaysian Mushroom

is a huge loss if these beneficial contents cannot be retained
in meals. This analysis did not compare the bioavailability
of bioactive chemicals released from mushroom extracts and
absorbed through the digestive system. More research using an
in vivo model is needed to offer a more extensive nutritional
bioavailability profile across diverse mushroom species.
Knowledge about how heat treatments and in vitro digestion
influence bioavailability in mushrooms would be beneficial to
both consumers and food manufacturers for future production
and invention.
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The creation and growing popularity of cultured meat has raised mixed reactions

among consumers about its originality, acceptability, edibility, and nutritional quality

across the world. The perception and reaction of consumers to novel meat are

influenced by a variety of factors, such as geographical location, media coverage,

educational status, culture, and religion. Therefore, this study was designed to examine

the perceptions of consumers on the consumption of natural vs. cultured beef in the

Eastern Cape Province, South Africa. A total of 255 respondents were interviewed using

structured questionnaires, and the data were analyzed using descriptive statistics and X2

tests. Interviewees included representatives from University (educated), urban (literate),

and rural (semi-literate) communities. The results revealed the majority (63%) of the

respondents had not heard about the concept of cultured beef production, of which

27% of them were men and 36% were women. More than half (53%) of the respondents

indicated their willingness to eat cultured beef if offered to them after explaining the

concept and process of making cultured beef to them. Among all factors that were

analyzed, the participant level of education was found to significantly influence their

willingness to eat cultured beef when available commercially. It is therefore concluded

that the majority of consumers in this study supported the concept of cultured meat as

an alternative way to complement conventional meat production and would be willing to

eat it when provided.

Keywords: meat eaters, perceptions, cultured beef, meat production, meat

INTRODUCTION

The geometric rise in meat consumption across the world over the past few years has been
phenomenal. Presently, worldwide average meat consumption is estimated at 42.9 kg per capita,
with industrial countries consuming about 76.1 kg, two times the quantity in developing countries
(33.6 kg) (FAO, 2014; WWF Report, 2016). However, it has been indicated that the consumption
of meat and meat products will double by 2050, and beef consumption will increase by 200% in
developing countries (FAO, 2011; Chriki and Hocquette, 2020). This increase could be attributed
to several reasons, including (a) the processing of meat into ready-to-eat products (such as, sausage,
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polonies, and patties), (b) the application of innovative
technologies to increase production and improve qualities, such
as tenderness, leanness (fat content), palatability, freshness,
shelf life, and safety, (c) awareness on its inherent essential
micronutrients, such as iron, zinc, calcium, vitamin A, vitamin
B1, and other bioactive compounds (Datar and Betti, 2010).
Beyond this, the shift toward high meat consumption has been
attributed to an increase in income and the human population,
which has been forecast to reach 9 billion in 2050 (Nellemann
et al., 2009; Alexandratos and Bruinsma, 2012; OECD-FAO,
2021). As the world becomesmore developed and prosperous, the
global consumption of meat (such as, beef) will continue to rise
enormously in the coming decades (van der Weele and Tramper,
2014; OECD-FAO, 2021).

As a consequence, satisfying the demand for meat without
an alternative means of meat production will be a great
challenge (Post, 2012; Goodwin and Shoulders, 2013). Innovation
and productivity improvements alone in conventional beef
production may not be enough to mitigate these challenges.
Any further attempt to engender intensive (mass-scale) meat
production may cause more harmful effects on the environment,
public health, and the global economy (Smil, 2014). Similarly,
commitment to vegetarianism or a meatless diet (meatless
Monday) will not fundamentally affect future demand for meat
(Smil, 2014). Therefore, the production of alternative meat
sources, such as cultured meat among others is seen as a
hopeful option to complement conventional beef production
(Tuomisto, 2010; Zaraska, 2013; Chriki and Hocquette, 2020).
In vitro meat, also known as “cultured or clean meat” is meat
produced without slaughtering the animal from embryonic stem
cells or adult stem cells (Post, 2012; Post et al., 2020; Newton
and Blaustein-Rejto, 2021). Given the appropriate technology
has been fully developed, cultured meat could be seen as an
option to diminish the increasing problems associated with
meat production, such as greenhouse emissions, animal welfare
(suffering caused by intensive farming), the mass slaughter of
animals, and health claims (Chiles, 2013; Hocquette et al., 2015;
Newton and Blaustein-Rejto, 2021).

Moreover, the creation of cultured meat has raised mixed
reactions among consumers about its originality, edibility, and
nutritional quality. However, it is worth noting that the world’s
first cultured beef burger was launched on 5 August 2013 for
sensory evaluation in London (Riverside TV studios) in front of a
live audience and was streamed internationally for an interested
individual to gain familiarity with the technology (Zaraska, 2013;
O’Riordan et al., 2017). Yet some consumers are skeptical about
the suitability of the meat. Verbeke et al. (2015) in a survey
study conducted in Belgium, Portugal, and the United Kingdom
revealed that most participants were disgusted when they first
heard about the cultured meat, while others thought it was
ridiculous and completely unnatural. In the United States,
Wilks and Phillips (2017) revealed in an online survey study
that one-third of the respondents showed a willingness to eat
cultured meat regularly or as a replacement for farmed meat
when provided. In another study involving an analysis of 34
United States and European Union newspapers, Goodwin and
Shoulders (2013) found a statement indicating that if cultured

meat feels and tastes similar tomeat, people will buy it. Laestadius
and Caldwell (2015) observed the comment of consumers in an
online newspaper survey and found that the majority described
cultured meat as an unnatural and unappealing food. However,
in Africa, limited or no information is available on the knowledge
and reaction of consumers to cultured meat.

Presently, cultured meat is yet to be commercially available.
However, some researchers are convinced and optimistic that
its production will reduce the meat industry’s environmental
footprint, while others have criticized its potential or advantages
(Hocquette et al., 2015; Newton and Blaustein-Rejto, 2021). It
is expected that factors, such as media information, culture,
religious belief, public involvement, affluence, age, level of
education, health-related issues, and trust in science and
technology could influence the perception and reaction of
consumers to food products (Chiles, 2013; Fayemi andMuchenje,
2014; Font-i-Furnols and Guerrero, 2014; Verbeke et al., 2015).
To some extent, craving for originality, nutritional quality,
and healthiness can also determine consumer perceptions and
acceptance of cultured meat (Guerrero et al., 2013).

Therefore, the objective of this study was to investigate the
perceptions of meat consumers regarding the potential and
willingness to eat cultured beef (in vitro meat production) in the
Eastern Cape Province, South Africa.

MATERIALS AND METHODS

Study Site and Sampling
The study was conducted in the Eastern Cape Province of South
Africa. The Eastern Cape is the second largest province in the
country covering approximately 169,580 km2 (13.9%) of the total
land area of South Africa. The province is located on the east
coast of South Africa with an average population of 6.62 million
people constituting about 12.5% of the country’s population.
The province is largely dominated by blacks, of whom 78% are
Xhosa-speaking. The Eastern Cape is regarded as the home of
livestock, having the highest number of beef cattle production
in the country (DAFF, 2013). The chosen municipalities in
the province for this study include Nkonkobe (Alice and
Dimbaza), Buffalo city (Mdantsane and KingWilliams town),
and Alfred-Nzo (Mount Frere and Mount Ayliff). According
to their geographical location, the three municipalities were
further stratified into three groups to include University (Alice),
urban (Mdantsane and KingWilliams town), and rural (Dimbaza,
Mount Frere, and Mount Ayliff) communities. The stratification
of the municipalities in this study supports the widely-held
view that consumer perception varies according to geographical
location (Dindyal and Dindyal, 2003). The total population of
the people living in the study area selected for this study is < 2
million.With the use of the Raosoft calculator, and the confidence
level set at 95% (with the confidence interval at 5%), the total
expected sample size is 384 participants.

Data Collection
The data used in the present study were obtained from 255
respondents. This was so because of some constraints, such
as scarce resources, the inability of respondents to properly
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answer the questionnaires, and the lack of willingness of some
respondents to partake in the study. Of the 255 respondents,
101 participants were selected from the university community,
66 from the urban community, and 88 from the rural
community. Meanwhile, the larger the population of a given
area does not necessarily increase the sample size of the area
(Krejcie and Morgan, 1970). A snowball sampling technique
was used to collect the data. We aimed to get representation
from a wide variety of perspectives, and interviewees were
selected from universities (those that have unlimited access
to information, especially through social media, such as the
internet), urban (those that are literate) and rural (those that are
semi-literate) communities. Questionnaires (with closed-ended
questions) were administered through personal contact in the
respondent’s residence. Those respondents that do not fill their
questionnaire properly and completely from all the categories
were also excluded from the analysis. The respondents provided
information on demographic characteristics (such as, age group,
gender, and education), perception on the consumption of
beef, possible reasons of not eating beef, and knowledge and
willingness to eat culturedmeat (in vitro production), if provided.
Some of the questions asked about the consumption of beef
include (i) do you eat meat from cattle, (ii) how often do you
eat meat from cattle, (iii) what are the factors influencing the
choice/purchase of beef, and (iv) possible reasons why you do not
eat beef. While questions asked on knowledge and willingness to
eat culturedmeat include (i) have you heard about or aware of the
production of in vitromeat, (ii) do you agree that the production
of in vitro meat/beef is important for enhancing food security,
(iii) will you like to eat in vitro meat/beef if provided, and if no,
give a reason. Before data collection, a group of experienced field
workers that could effectively communicate with the respondents
in vernacular (Xhosa) and English Language were recruited to
administer the questionnaires. Each member of the group was
trained on how to administer the questionnaire correctly and
also describe the cultured meat for easy understanding of the
respondent. The primary term used to describe the “cultured
meat” includes meat grown in the laboratory from the adult cells
of an animal.

Statistical Analysis
Data were analyzed using the Frequency procedure (PROC
FREQ) and the chi-square procedures (PROC CHISQ) of the
Statistical Analysis System (SAS, version 1.9.3 of 2007). PROC
FREQ was computed based on the age groups, gender classes,
tribes, locations, and levels of education of the respondents.
PROC CHISQ was used to determine the association between
demographic characteristics of the respondents and their
perceptions of the production and consumption of in vitro
cultured beef.

RESULTS AND DISCUSSION

Consumer Distribution and
Socio-Demographic Characteristics
Results on participant’s distribution according to locations
showed that the university community had the highest

TABLE 1 | Demographic characteristics of the respondents (n = 255).

Variable Group Value Proportion (%)

Gender Male 121 47.5

Female 134 52.5

Age <18 9 3.5

18–30 123 48.2

31–40 42 16.5

>40 81 31.8

Education Primary 14 5.5

Secondary 71 27.8

Tertiary 148 58.1

Others 22 8.6

Tribe Xhosa 217 85.1

Non-Xhosa 38 14.9

Location University 101 39.6

Urban 66 25.9

Rural 88 34.5

proportion of respondents (39.6%), followed by urban (34.5%)
and rural (25.9%) dwellers, respectively (Table 1). Regarding
the socio-demographic characteristics of the respondents, 47.5%
weremen and 52.5%were women. Nearly 50% of the respondents
were aged between 18 and 30 years, while other respondents
were within the age categories of 18 years or below (3.5%), 31–
40 years (16.5%), and 41 years or above (31.8%). The majority of
the respondents (85.1%) were Xhosa-speaking people while the
rest were non-Xhosa. More than half of the respondents (58.1%)
had obtained tertiary education, while 27.8 and 5.5% had only
primary and secondary education respectively. Only 8.6% of the
respondents had no formal school education (other).

Consumers’ Perceptions of Beef Quality
and Consumption in Eastern Cape
Province
The results of the deposition of respondents to beef consumption
are shown on Figure 1. The majority of the respondents (89%)
were beef eaters while 11% do not eat beef based on various
reasons. Of the 89% of respondents that were beef consumers,
44.5% were men and women. In addition, out of the non-
beef consumers, 1% claimed to be vegetarians, 5% linked their
decision to an allergic reaction, and the remaining 5% attributed
their reason to cultural beliefs and personal preferences. A similar
result on beef consumption among consumers has been reported
in Ghana, Tanzania, and Nigeria (Nandonde et al., 2013; Osei-
Asare and Eghan, 2014; Okoronkwo et al., 2020). Preference for
beef could be attributed to its role as the first-choice meat for
social, religious, and cultural functions in the Eastern Cape and
other parts of Africa. This preference for beef is not limited
to a province in South Africa but has been reported as the
highest consumed meat type in Africa (Guerrero et al., 2013;
FAOSTAT, 2014). On the other hand, our results further agree
with the findings of Smil (2014), who reported that < 4% of
Western society populations are vegetarians (non-meat eaters).
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FIGURE 1 | Effect of gender on consumption of conventional beef in the Eastern Cape province of South Africa.

The proportion of participants that indicated allergic reactions
after eating beef in this study is in line with the reports of
Sampson (2004) and Hong and Vogel (2010), who found that
food allergies, such as meat, only affect < 4% of the adult
population in the United States. However, different symptoms,
such as itching, skin rash, headache, coughing, and throat
swelling were reported by the respondents as a consequence of
allergic reactions after eating beef and other red meat products.
Saleh et al. (2012) reported that allergic reactions are caused
by the presence of alpha-gal (oligosaccharide) in beef and other
red meat. Following the consumption of beef, the alpha-gal
activates T helper 2 (Th2) and causes induction of interleukins,
leading to the formation of IgE antibodies by B cells and this,
in turn, culminates in mast cell activation, eosinophilia, and
hypersensitivity reactions in predisposed individuals. In contrast,
Alexander and Cushing (2011) and reported that the association
of beef consumption to health risks may be confounded or
modified by other dietary factors (such as, high intake of refined
sugars and alcohol, or low intake of fruits and vegetables) and/or
behavioral factors (low physical activity and smoking) rather
than the consumption of beef and other red meat. Conversely,
there has been no concrete/conclusive evidence that moderate
consumption of beef has negative health effects on consumers
(Van Wezemae et al., 2010; Wyness et al., 2011). The result
on factors influencing the purchase of beef clearly showed that
freshness/color and price were the most quality dictators when

purchasing beef market (Figure 2). Very few consumers purchase
beef in relation to its source or fat content. The results from
the present study agree with those obtained by Robbins et al.
(2003), McCarthy and Henson (2004), Jocumsen (2005), and
Predanocyová et al. (2019), who found freshness, color, and price
as most important factors dictating the purchase of meat in shop
and butcheries.

Consumers’ Perception Toward Their
Knowledge of Cultured “in vitro” Beef
Production
As presented in Table 2, the result revealed that 63% of the
respondents (26.7%male and 36.1% female) have not heard about
the idea of cultured beef production (p< 0.05).Most respondents
living in the university community were found to be more
conversant with the idea of cultured beef than those from urban
and rural areas (p < 0.01). These could be attributed to a number
of factors, such as inadequate media publicity and access to
current information on innovative products. Although, Goodwin
and Shoulders (2013) reported that consumer awareness and
information/media coverage on cultured meat are still in their
infancy. Therefore, a proactive communication scheme for the
production of in vitro cultured beef would be necessary to create
more awareness on the importance for future benefits. This
in turn could allow the agricultural industry to have greater
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FIGURE 2 | Factors influencing the purchase of beef for consumption in the Eastern Cape province of South Africa.

TABLE 2 | Consumer awareness on cultured beef production in Eastern Cape

Province of South Africa (n = 255).

Variable Group Yes (%) No (%) No response (%) P-value

Gender Male 20.8 26.7 – 0.018

Female 15.3 36.1 1.0

Location University 23.1 16.1 0.3

Urban 5.1 20 0.7 0.001

Rural 7.8 26.7 –

Total 36.0 63.0 1.0

influence in shaping consumers’ perceptions on its production
(Goodwin and Shoulders, 2013; Bryant, 2020).

After explaining the concept and production of cultured
beef (in vitro production), 53.1% of the respondents endorsed
the production of cultured beef and indicated their interest
to eat cultured beef if offered to them (Figure 3). Out of
the 53.1% of the respondents that were interested in eating
cultured beef, 29.3% were men and 23.9% were women (p <

0.05). In addition, a greater proportion of the consumers that
showed interest in the consumption of cultured beef resided
in university and rural community (Figure 4). This finding

is consistent with the findings of Bryant et al. (2019), who
reported that 64.6% of their respondents in their study are
willing to eat cultured meat when available. Goodwin and
Shoulders (2013) also found in their study that “If cultured
beef tastes like conventional meat, and is available in the
supermarket people will buy it.” However, there were some
consumers who expressed doubt and fear about the originality,
taste, healthiness, and edibility of cultured beef if provided.
In particular, most respondents from the urban community
mentioned that the concept of cultured meat is ridiculous
and seem unnatural. Hocquette et al. (2015) and Chriki and
Hocquette (2020) in their study have shown that some consumers
would not accept cultured beef if offered to them because they
perceived it is unnatural. In reality, it is natural that some
people could be afraid of eating food that they have never
tasted before. Moreover, the credibility of cultured beef has
been ascertained after a sensory evaluation was conducted in
London in August 2013. The panelist reported that the ham-
burger cultured beef tasted juicy, delicious, and comparable to
conventional beef (Zaraska, 2013). Furthermore, evidence has
shown that a majority of people will support the production
of cultured meat if it is healthy and safe (Haagsman et al.,
2009; Goodwin and Shoulders, 2013), such as vegetarians and
environmentalists, since its production will eliminate any cruel
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FIGURE 3 | Consumers interest in the consumption of cultured beef in Eastern Cape Province of South Africa.

FIGURE 4 | Effect of location on consumer’s interest in the consumption of cultured beef.
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TABLE 3 | Effect of demographic factor on consumption of beef in Eastern Cape

Province of South Africa.

Variable X2- value P-value

Consumption of conventional beef

Gender 9.778 0.973

Age 10.119 0.341

Education 15.472 0.078

Tribe 1.986 0.575

Location 3.520 0.172

Consumption of in vitro cultured beef

Gender 6.506 0.038

Age 11.316 0.079

Education 82.909 0.001

Tribe 16.754 0.001

Location 23.561 0.001

or suffering associated with factory farmed animals (Schaefer
and Savulescu, 2014). In addition, other researchers have
shown that the production of cultured beef will improve the
biochemical composition of meat and reduce public concern
about animal welfare, greenhouse emissions, foodborne disease,
and biodiversity loss (Edelman et al., 2005; Datar and Betti,
2010; Canon, 2011; Goffman, 2012; Chriki and Hocquette,
2020). Furthermore, the willingness displayed by some of the
respondents to eat cultured beef when commercially available
also gave them the assurance that its production would enhance
meat production.

In Table 3, consumers’ willingness to eat cultured beef was
observed to be strongly influenced by their educational status
among other demographic factors. This probably suggests the
need for more proactive orientation to create more awareness
on the importance of cultured meat to meat production
across the world and especially among people living in
developing countries.

CONCLUSIONS

Findings from this present study revealed that beef is commonly
consumed by the majority of people in the Eastern Cape Province
of South Africa. Most of the consumers were willing to eat
in vitro cultured beef if provided. The idea that people would
purchase in vitro cultured beef does not seem overly implausible.
Moreover, consistent information on the benefits, originality, and
edibility of cultured meat should be communicated to the public
at large to reinforce its production to enhance meat production.
More people in the study area are now getting aware of the
possibility of producing in vitro meat from the laboratory. The
study has limitations that should be addressed in future research.
The geographical limitation (i.e., the study was conducted in
a province in South Africa) is the most noticeable. To our
knowledge, this study is the first to examine the perception of
meat consumers on the concept and production of cultured meat
in Africa. Therefore, further research should also be conducted in
other countries in Africa to obtain a broader view and perspective
of consumers on the concept of cultured meat.

DATA AVAILABILITY STATEMENT

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

ETHICS STATEMENT

Ethics review and approval/written informed consent was not
required as per local legislation and institutional requirements.

AUTHOR CONTRIBUTIONS

BF: conceptualization, data curation, analysis, and writing—
original draft. BF and EI: visualization and manuscript editing.
YH: logistics and supervision. EI: original writing. All authors
contributed to the article and approved the submitted version.

REFERENCES

Alexander, D. D., and Cushing, C. A. (2011). Red meat and colorectal cancer: a
critical summary of prospective epidemiologic studies. Obes. Rev. 12, 472–493.
doi: 10.1111/j.1467-789X.2010.00785.x

Alexandratos, N., and Bruinsma, J. (2012). World agriculture towards 2030/2050:
The 2012 revision. Food and Agriculture Organization, Rome (FAO), 1–4.
Available online at: www.fao.org/docrep/016/ap106e/ap106e.pdf (accessedMay
15, 2017).

Bryant, C., Szejda, K., Parekh, N., Desphande, V., and Tse, B. (2019). A survey of
consumer perceptions of plant-based and clean meat in the USA, India, and
China. Front. Sustain. Food Syst. 3, 1–11. doi: 10.3389/fsufs.2019.00011

Bryant, C. J. (2020). Culture, meat, and cultured meat. J. Anim. Sci. 98, 172.
doi: 10.1093/jas/skaa172

Canon, S. (2011). Meat from petri dish to plate: Credible or inedible? Chicago
Tribune. Available online at: http://www.chicagotribune.com/ (accessed May
15, 2017).

Chiles, R. T. (2013). Intertwined ambiguities: meat, in vitro meat, and the
ideological construction of the marketplace. J. Consum. Behav. 12, 472–482.
doi: 10.1002/cb.1447

Chriki, S., and Hocquette, J. (2020). The myth of cultured meat: a review. Front.
Nutr. 7, 1–9. doi: 10.3389/fnut.2020.00007

DAFF. (2013). Department of Agriculture, Forestry and Fisheries, South Africa
(DAFF) 2013. Trends in the Agricultural Sector. Available online at:
www.daff.gov.za/docs/statsinfo/Trends (accessed November 25, 2017).

Datar, I., and Betti, M. (2010). Possibilities for an in vitromeat production system.
Innov. Food Sci. Emerg. Technol. 11, 13. doi: 10.1016/j.ifset.2009.10.007

Dindyal, S., and Dindyal, S. (2003). How personal factors, including culture and
ethnicity, affect the choices and selection of food we make. Internet J. Third
world Med. 1, 2. doi: 10.5580/2231

Edelman, P. D., McFarland, D. C., Mironov, V. A., and Matheny, J. G.
(2005). In vitro cultured meat production. Tissue Engineering. 11, 659–662.
doi: 10.1089/ten.2005.11.659

FAO. (2011). World livestock 2011. Livestock in food security, 76–80. Available
online at: www.fao.org/docrep/014/i2373e/i2373e.pdf (accessed March, 2021).

FAO. (2014). Food outlook-Biannual report on global food markets, 1–8. Available
online at: www.fao.org/docrep/019/i3751e/i3751e.pd (accessed June, 2021).

FAOSTAT. (2014). Food and Agriculture Organization of the United Nations.
Available online at: http://faostat.fao.org/site/610/default.aspx#ancor (accessed
December, 2020).

Frontiers in Sustainable Food Systems | www.frontiersin.org 7 June 2022 | Volume 6 | Article 924396140

https://doi.org/10.1111/j.1467-789X.2010.00785.x
http://www.fao.org/docrep/016/ap106e/ap106e.pdf
https://doi.org/10.3389/fsufs.2019.00011
https://doi.org/10.1093/jas/skaa172
http://www.chicagotribune.com/
https://doi.org/10.1002/cb.1447
https://doi.org/10.3389/fnut.2020.00007
http://www.daff.gov.za/docs/statsinfo/Trends
https://doi.org/10.1016/j.ifset.2009.10.007
https://doi.org/10.5580/2231
https://doi.org/10.1089/ten.2005.11.659
http://www.fao.org/docrep/014/i2373e/i2373e.pdf
http://www.fao.org/docrep/019/i3751e/i3751e.pd
http://faostat.fao.org/site/610/default.aspx#ancor
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Falowo et al. Consumption of Cultured Beef

Fayemi, P. O., and Muchenje, V. (2014). Farmers’ preference for mutton and
lamb from natural velds in the Eastern Cape Province of South Africa. J. Food
Agric. Environ. 12, 15–19. Available online at: http://world-food.net/farmers-
preference-for-mutton-and-lamb-from-natural-velds-in-the-eastern-cape-
province-of-south-africa/

Font-i-Furnols, M., and Guerrero, L. (2014). Consumer preference, behavior and
perception about meat and meat products: an overview.Meat Sci. 98, 361–371.
doi: 10.1016/j.meatsci.2014.06.025

Goffman, E. (2012). The Environmental Impact of Meat. ProQuest Discovery

Guides. Available online at: http://www.csa.com/discoveryguides/
discoveryguides-main.php (accessed January, 2021).

Goodwin, J. N., and Shoulders, W. C. (2013). The future of meat: a
qualitative analysis of cultured meat media coverage. Meat Sci. 95, 445–450.
doi: 10.1016/j.meatsci.2013.05.027

Guerrero, A., Valero, M. V., Campo, M. M., and Sanudo, C. (2013). Some factors
that affect ruminant meat quality: from the farm to the fork review. Acta
Scientiarum Animal Sciences. 35, 4. doi: 10.4025/actascianimsci.v35i4.21756

Haagsman, H., Hellingwerf, K., and Roelen, B. (2009). Production of animal

proteins by cell systems. Desk study on cultured meat. Available online
at: www.worldcat.org/.../production-of-animal-proteins-by-cell-systems
(aaccessed May 15, 2017).

Hocquette, A., Lambert, C., Sinquin, C., Peterolff, L., Wagner, Z., Bonny, S.
P., et al. (2015). Educated consumers don’t believe artificial meat is the
solution to the problems with the meat industry. J. Integr. Agric. 14, 273–284.
doi: 10.1016/S2095-3119(14)60886-8

Hong, S., and Vogel, N. M. (2010). Food allergy and eosinophilic esophagitis:
learning what to avoid. Clevel. Clin. J. Med. 77, 1. doi: 10.3949/ccjm.77a.09018

Jocumsen, A. (2005). Assessment of fresh beef quality by Australian consumers at
the point of purchase. Consum. Behav. 109, 122–128. Available online at: http://
smib.vuw.ac.nz:8081/WWW/ANZMAC2005/cd-site/authors1.html

Krejcie, R. V., and Morgan, D. W. (1970). Determining sample size for research
activities. Educ. Psychol. Meas. 30, 607–610. doi: 10.1177/001316447003000308

Laestadius, L. I., and Caldwell, M. A. (2015). Is the future of meat palatable?
Perceptions of in vitro meat as evidenced by online news comments. Public
Health Nutr. 18, 2457–2467. doi: 10.1017/S1368980015000622

McCarthy, M., and Henson, S. (2004). Perceived risk and risk reduction strategies
in the choice of beef by Irish consumers. Food Qual. Prefer. 16, 435–445.
doi: 10.1016/j.foodqual.2004.08.003

Nandonde, S. W., Msuya, E., andMtenga, L. A. (2013). Assessment of the influence
of consumer characteristics on the choice of beef quality attributes in Tanzania:
an experimental economic approach. Journal of Development and Agricultural

Economics. 2, 111–119.
Nellemann, C., MacDevette, M., Manders, T., Eickhout, B., Svihus, B., Prins,

A. G., and Kaltenborn, B. P. (2009). The environmental food crisis–
The environment’s role in averting future food crises. Available online
at: www.grida.no (accessed June, 2021).

Newton, P., and Blaustein-Rejto, D. (2021). Social and economic opportunities
and challenges of plant-based and cultured meat for rural producers in the US.
Front. Sustain. Food Syst. 5, 10. | doi: 10.3389/fsufs.2021.624270

OECD-FAO. (2021). OECD-FAO Agricultural Outlook 2021–2030. OECD
Agriculture statistics (database). Available online at: https://www.fao.org/3/
cb5332en/Meat.pdf (accessed March, 2021).

Okoronkwo, F. C., Efedua, J. C., and Amusa, T. A. (2020). Determinants of
household preference for beef to pork in umuahia metropolis of abia state,
Nigeria. Journal of Tropical Agriculture, Food, Environment and Extension. 19,
15–18. doi: 10.4314/as.v19i3.3

O’Riordan, K., Fotopoulou, A., and Stephens, N. (2017). The first bite: imaginaries,
promotional publics and the laboratory grown burger. Public Underst. Sci. 26,
148–163. doi: 10.1177/0963662516639001

Osei-Asare, Y. W., and Eghan, M. (2014). Meat consumption in ghana, evidence
from household micro-data. Emperical Econ. Lett. 13, 1681–997.

Post, M. J. (2012). Cultured meat from stem cells: challenges and prospects. Meat

Sci. 92, 297–301. doi: 10.1016/j.meatsci.2012.04.008

Post, M. J., Levenberg, S., Kaplan, D. L., Genovese, N., Fu, J., Bryant, C. J., et al.
(2020). Scientific, sustainability and regulatory challenges of culturedmeat.Nat.
Food. 1, 403–415. doi: 10.1038/s43016-020-0112-z

Predanocyová, K., Kubicová, L., Kádeková, Z., and Košičiarová, I. (2019). Key
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Prevalence, correlates, and
gender disparities related to
eating disordered behaviors
among health science students
and healthcare practitioners in
Lebanon: Findings of a national
cross sectional study

Maha Hoteit1,2,3*†, Hala Mohsen1,2,3†, Khlood Bookari4,5,6,

Ghadir Moussa1, Najwa Jurdi1 and Nour Yazbeck1,2,3†

1Faculty of Public Health, Lebanese University, Beirut, Lebanon, 2PHENOL Research Group (Public

HEalth Nutrition prOgram Lebanon), Faculty of Public Health, Lebanese University, Beirut, Lebanon,
3Lebanese University Nutrition Surveillance Center (LUNSC), Lebanese Food Drugs and Chemical

Administrations, Lebanese University, Beirut, Lebanon, 4National Nutrition Committee, Saudi Food

and Drug Authority, Riyadh, Saudi Arabia, 5Executive Department of Monitoring and Risk

Assessment, Food Sector, Saudi Food and Drug Authority, Riyadh, Saudi Arabia, 6Department of

Clinical Nutrition, Faculty of Applied Medical Sciences, Taibah University, Madina, Saudi Arabia

Background: The raised prevalence of eating disorders (ED) amongst health

science students and health professionals is of mounting concern. This

study aims to determine the prevalence and correlates of eating disorders

risk amongst a sample of Lebanese health science students and healthcare

practitioners of both genders.

Methods: This cross-sectional study enrolled a convenient sample of 1,000

participants (mean age: 23 ± 5.4; females: 74.9%) from faculties of health

sciences, clinics, pharmacies, and hospitals. The validated Eating Attitudes Test

(EAT-26) was used to screen for eating disorders. Anthropometric data were

self-reported by respondents to assess their nutritional status.

Results: The risk of eating disorders was prevalent in 22.5% of participants.

Females were at higher risk of ED compared to males p = 0.03.

Eating disorders risk did not di�er between students and practitioners

(p = 0.3). The highest proportion of high-risk participants were students

studying nutrition and practitioners (40.9%), outracing their counterparts

in nursing (18.7%), medicine (17.8%), pharmacy (17.7%), and midwifery

(4.9%) sciences (p = 0.02). Most high-risk participants had normal body

weight (60.4%), and 28.9% were overweight (p = 0.001). Female gender,

nutrition profession, and dieting were associated with increasing the

odd of ED. Particularly, dieting increased the risk around five times.

Further, each 3 participants over 10 were facing binge eating behavior.
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Conclusion: This study uncovers an undervalued

profession-related-health-disorder in Lebanese health science students

and healthcare practitioners. Specific attention should be given to EDs in

professional educational programmes across healthcare disciplines.

KEYWORDS

eating disorders, health sciences, students, practitioners, Lebanese

Introduction

Eating disorders (ED), defined by the American Psychiatric

Association, are severe and persistent disturbances in eating

behaviors accompanied by distressing thoughts and emotions

(1). Eating disorders have a detrimental impact on psychological

and social functioning and physical health (1). In general,

anorexia nervosa (AN), bulimia nervosa (BN), and binge eating

disorders (BED) are the three main common types of eating

disorders (1). Added to these are the avoidant restrictive food

intake disorder, pica, rumination disorders, and other specified

feeding disorders (1). ED affects up to 5% of the population,

and the mean age of onset for AN and BN is between 15 and

19 years old (1). A systematic review of data from 2000 to 2018

(2) found that eating disorders are highly prevalent worldwide,

with the most emphasis on females. The estimated female-male

ratio for lifetime prevalence of any eating disorder is 4.2 (2). The

prevalence of eating disorders had increased from 3.5% in the

2000–2006 period to 7.8% in the 2013–2018 period (2). A recent

review of studies in the Arab world found that the prevalence

of eating disorders varies between 2 and 54.8%, with a higher

risk of binge eating among Kuwaiti and Egyptian Arabs (3).

There is no single stimulator leading to eating disorders, and

the exact etiology is still not well-defined. However, the scientific

consensus is that eating disorders have genetic predispositions

that could be worsened by triggering environmental factors,

including cultural idealization, mass media, peer pressure, and

dieting (4). Virtually, nothing is known about the individual

causal processes involved, or how they interact and vary during

the disorder’s development and maintenance (5). Individuals

with eating disorders have the highest mortality rates among

other psychiatric diseases (6). AN is associated with a high

risk of death, and 10% of anorexic patients are estimated to

die within 10 years of diagnosis (2). To add to the burden,

the diagnosis of eating disorders is evasive, and many cases

go undetected (7). The published data shows differences in the

prevalence of eating disorders between diverse demographics,

with some groups appearing to be more susceptible than others.

Body image dissatisfaction and disordered eating behaviors

increase during college age, and health sciences students, in

particular, are an endangered subpopulation for eating disorders

(8). The latter issue could endure or commence after they’ve

started practicing their profession, with evident data on the

topic of disordered eating among healthcare professionals.

One study on nutrition students and dietetic professionals

identified high predispositions for food restrictions and weight

control issues (9). Thinness idealization, relationship changes

with food and body associated with nutrition education, and

keeping a continuum all contributed to disordered eating

amongst nutrition students and practitioners (9). Another study

on female nurses found that work stress and pressing shift

hours had triggered poor eating habits, manifested by excessive

snacking and binging (10). Nighttime shift duty was positively

associated with restrained eating and emotional eating among

nurses (10). In addition, in multiple preliminary investigations,

medical students reported an appreciable prevalence of eating

disorders and disordered eating behaviors, including that

conducted in Lebanon (11), Egypt (12), Brazil (13), and Pakistan

(14). Further, body image dissatisfaction had been reported

as an important concern for pharmacy students, which was

considered a serious precursor for disordered eating among

them (15). As far as we know, at the moment we are drafting

this paper, no studies have addressed the eating disorders

topic among both students and practitioners enrolled in health

professions. Based on preliminary research efforts and the

significance of the topic, it becomes critical to provide national

data regarding this topic. This data could serve as a foundation

for future intervention and awareness programs addressing the

eating disorders burden in the target population. Thus, we

designed and conducted this study to be the first aiming to

determine the prevalence and correlates of eating disorders

amongst a sample of Lebanese health science students and

healthcare practitioners of both genders.

Materials and methods

Study design and recruitment of study
participants

The current investigation is a descriptive cross-sectional

study conducted over 5 months, from November 2018 to

March 2019, enrolling a convenient sample of health science

students and healthcare practitioners from health sciences
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faculties, pharmacies, clinics, and hospitals in the Beirut and

Mount Lebanon districts. The research team of this study

had approached student participants at the campus of their

universities at the faculties of health sciences to ask them

to complete the questionnaire in a self-administered manner.

Healthcare practitioners were also reached, during the working

hours, at their pharmacies, clinics, and hospitals. To be regarded

for inclusion, participants had to be between 18 and 64

years old and willing to participate in this study. We further

excluded individuals who were diagnosed previously with one

or more eating disorders, and inadequately filled out the self-

administered questionnaire. The final sample included 603

health science students and 397 healthcare practitioners enrolled

in nutrition (32.8%), midwifery (4.1%), medicine (24.6%),

pharmacy (18.4%), and nursing (20.1%) health professions.

Questionnaire

A self-administered questionnaire, composed of 2 main

parts, was employed to collect the data between October

and June 2018. The first part of the questionnaire assessed

demographic and personal information of study participants,

including age, gender, position (student or practitioner), health

profession, and self-reported body weight and height. Also, this

part included a supplementary question assessing participants’

dieting status. The second part of the questionnaire was the

Eating Attitudes Test (EAT-26) instrument, used to screen for

eating disorders among our study participants. EAT-26 includes

sections A and B. Section A consists of 26 questions distributed

across three subscales: dieting, bulimia and food preoccupation,

and oral control. Respondents answered via six-point Likert

scales that offered the choices of “always,” “usually,” “often,”

“sometimes,” “rarely,” and “never.” Based on the scoring criteria

suggested elsewhere (16), a participant may have a total score

ranging from 0 to 78. A score of 20 and above is indicative of

an eating disorder risk. Section B of the EAT-26 inspected the

disordered eating behaviors of participants in the last 6 months,

including eating binges, self-induced vomiting, using laxatives,

diet pills, or diuretics, exercising more than 60min, and losing

9 kg (20 pounds) or more of body weight. Respondents had

six response options from “never” to “once a day or more.”

Disordered eating behaviors were defined as the following:

eating binges (at least 2–3 times amonth), self-induced vomiting

(at least once a month), using laxatives, diet pills, or diuretics (at

least once a month), exercising more than 60min (at least once

a day), and losing 9 kg (20 lbs) or more.

Statistical analysis

All data were analyzed using the Statistical Package of

Social Sciences Software (SPSS) (Version 21.0. Armonk, NY:

IBM Crop). Data were presented as mean ± SD for the

continuous variables and as frequencies (N) and percentages

(%) for the categorical ones. The chi-squared test was used

to examine associations between our categorical variables. The

binary logistic regression analysis was applied to determine the

predictors of eating disorders. A p-value lower than 0.05 was

considered significant.

Ethical consideration

The study has been performed based on the ethical standards

laid down in the Helsinki Declaration. Ethical approval was

obtained from the Ethical Committee at the Lebanese University

(#CU-21-18). A consent form was attached to the questionnaire,

informing the respondents about their privacy and rights before

participating. There was no penalty for not being involved

in the study, and the participation was voluntary. Individual

responses were confidential as the questionnaire included no

identifying information.

Results

Demographic characteristics and weight
status of study participants

A total of 1,000 participants were included in this study

with a mean age of 23 ± 5.4 years old (median age = 22.0

years old). Of them, 74.9% (n = 749) were females, and

25.1% (n = 251) were males. The sampled population was

composed of 603 health sciences students (60.3%) and 397

healthcare practitioners (39.7%). Students studying nutrition

and practitioners (32.8%) predominate compared to those in

midwifery (4.1%), medicine (24.6%), pharmacy (18.4%), and

nursing (20.1%) sciences. Most of our participants (64.7%) were

of normal body weight. Also, 21.1% were overweight. Only a few

were underweight (7.7%) and obese (6.5%). Besides, about 43%

of the participants were dieting (currently or in the past). Female

participants (mean ± SD: 23 ± 5) were younger than males

(mean ± SD: 24 ± 7) (p = 0.02). Among females, the highest

proportion (42.1%) were in the nutrition profession, which was

significantly higher than that of their male counterparts (5.2%)

(p < 0.001). Moreover, females were mostly of normal weight

(69.7 vs. males: 49.8%, p < 0.001), and near to half (45.1%) of

them reported having dieting experiences, p= 0.01 (Table 1).

Prevalence of eating disorders risk and its
correlates

The overall prevalence of eating disorders risk was 22.5%

(Figure 1). Table 2 reveals that the mean age of low-risk (23
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TABLE 1 Demographic characteristics and weight status of study participants.

Overall Males Females p-value

(n= 1,000) (n= 251) (n= 749)

N (%) N (%) N (%)

Age in years (Mean± SD) 23± 5.4 24± 7 23± 5 0.02

Position Student 603 (60.3) 154 (61.4) 449 (59.9) 0.69

Practitioner 397 (39.7) 97(38.6) 300 (40.1)

Health profession Nutrition 328 (32.8) 13 (5.2) 315 (42.1) <0.001

Midwifery 41 (4.1) 0 (0) 41 (5.4)

Medicine 246 (24.6) 92 (36.7) 154 (20.5)

Pharmacy 184 (18.4) 72 (28.6) 112 (15.0)

Nursing 201 (20.1) 74 (29.5) 127 (17.0)

Weight status Underweight 77 (7.7) 4 (1.6) 73 (9.7) <0.001

Normal 647 (64.7) 125 (49.8) 522 (69.7)

Overweight 211 (21.1) 87 (34.7) 124 (16.6)

Obese 65 (6.5) 35 (13.9) 30 (4.0)

Dieting (currently or in the past) No 574 (57.4) 163 (64.9) 411 (54.9) 0.01

Yes 426 (42.6) 88 (35.1) 338 (45.1)

FIGURE 1

Overall prevalence of eating disorders risk.

± 5) and high-risk (24 ± 6) participants is just the same (p

= 0.14), suggesting that participants’ age did not contribute

to the risk of eating disorders in our sample population.

However, participants’ gender had a significant association with

a possible risk of eating disorders, for which the majority

of high-risk participants (80.4%) were females, p = 0.03.

Furtherly, 24.2% of females were at high risk compared to

17.5% of their male counterparts, p = 0.03 (Figure 2). In

contrast, participants’ position did not appear to predict a higher

risk of eating disorders, in which comparable proportions of

students (57.3%) and practitioners (42.7%) were susceptible,

p = 0.30. Further, students studying nutrition and practitioners

constituted significantly the predominant proportion (40.9%)

of high-risk participants, followed by their counterparts in

nursing (18.7%), medicine (17.8%), pharmacy (17.7%), and

midwifery (4.9%) sciences, p = 0.02. The weight status also

appeared to be a significant correlate to participants’ risk, and

the majority of high-risk participants (60.4%) were of normal

body weight, 28.9% were overweight, 4.9% were obese, and 5.8%

were underweight, p = 0.01. Dieting was a significant associate

too; almost three-quarters (72%) of high-risk participants were

following a diet, or did so in the past, p < 0.001 (Table 2).

Predictors of eating disorders among
study participants

As the latter findings show that participants’ gender, health

profession, body weight, and dieting status were associated with

the risk of eating disorders among our participants, we further

applied the binary logistic regression analysis to specify the

predictors of eating disorders. Based on the findings, female

participants had a 21% more likelihood of developing eating

disorders than males (OR = 1.21, CI = 0.79–1.84, p = 0.39).

Moreover, students studying nutrition and practitioners had

a 21% higher vulnerability for eating disorders in contrast to

their counterparts in other health professions (OR = 0.79,

CI = 0.56–1.11, p = 0.18). However, underweight/normal-

weight participants had only 5% higher susceptibility for

eating disorders (vs. overweight/obese OR = 0.95, CI =

0.47–1.76, p = 0.77). Further, participants who were dieting

(currently or in the past) had around 5 times greater risk for

eating disorders (vs. non-dieters OR = 4.80, CI = 3.38–6.77,
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TABLE 2 The correlates for the risk of eating disorders.

Eating disorders p-value

Low risk High risk

N (%) N (%)

Age in years (Mean± SD) 23± 5 24± 6 0.14

Gender Male 207 (26.7) 44 (19.6) 0.03

Female 568 (73.3) 181 (80.4)

Position Student 474 (61.2) 129 (57.3) 0.30

Practitioner 301 (38.8) 96 (42.7)

Health profession Nutrition 236 (30.5) 92 (40.9) 0.02

Midwifery 30 (3.9) 11 (4.9)

Medicine 206 (26.6) 40 (17.8)

Pharmacy 144 (18.5) 40 (17.7)

Nursing 159 (20.5) 42 (18.7)

Weight status Underweight 64 (8.3) 13 (5.8) 0.01

Normal 511 (65.9) 136 (60.4)

Overweight 146 (18.8) 65 (28.9)

Obese 54 (7.0) 11 (4.9)

Dieting (currently or in the past) No 511 (65.9) 63 (28.0) <0.001

Yes 264 (34.1) 162 (72.0)

Bold values mean significant at p-value < 0.05 for chi-squared test.

FIGURE 2

Gender disparities in eating disorders risk.

p < 0.001) which was the highest among all other predictors

(Table 3).

Disordered eating behaviors among
study participants

Figure 3 shows that the highest behavioral ED was binge

eating (28.9%), followed by excessive exercise (15.6%), rapid

loss of body weight (14.1%), use of laxatives, diet pills, and

diuretics (9.9%), and self-induced vomiting (5.9%). The highest

proportion of participants who reported behavioral risk for

binge eating were significantly females (66.8%, p < 0.001),

dietitians (28%, p = 0.04), and those of normal body weight

(58.8%, p < 0.001). However, participants’ gender (p = 0.72

and p = 0.21, respectively), work position (p = 0.51, p = 0.99,

respectively), and health profession (p = 0.71 and p = 0.32,

respectively) did not show any statistically significant association

with a behavioral risk of self-induced vomiting, and pills use.

In contrast, most of the participants having a high risk for self-

induced vomiting, and pills use were those having normal body

weight (52.5%, p = 0.02 and 41.4%, p < 0.001, respectively).

Moreover, the highest proportion of participants who reported

excessive exercise were in the nursing health profession (25.6%)

and of normal body weight (59%) (p = 0.02, and p = 0.01,

respectively). Further, the majority who reported rapid weight

loss were females (64.5%) and with normal body weight (51.1%),

and these associations were statistically significant (p= 0.01, and

p < 0.001, respectively) (Table 4).

Eating behaviors across risk groups

Compared to those having low EAT-26 score, high-risk

participants significantly reported more disordered behaviors

regarding binge eating (34.2 vs. 27.4%, p = 0.04), self-induced

vomiting (15.6 vs. 3.1%, p < 0.001), the use of laxatives, diet

pills, and diuretics (22.7 vs. 6.2%, p < 0.001), and losing 9 kg

or more of body weight (25.8 vs. 10.7%, p < 0.001) in the last
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TABLE 3 The predictors of eating disorders.

Dependent variable: Risk of eating disorders

(low risk: reference; high risk)

Odds ratio (OR) 95% confidence interval (CI) p-value

Minimum Maximum

Gender

Male (Reference) 1 – – –

Female 1.21 0.79 1.84 0.39

Health profession

Nutrition (Reference) 1 – – –

Other health professions 0.79 0.56 1.11 0.18

Weight status

Underweight/Normal (Reference) 1 – – –

Overweight/Obese 0.95 0.47 1.76 0.77

Dieting

No (Reference) 1 – – –

Yes 4.80 3.38 6.77 <0.001

Bold values mean significant at p < 0.05 for binary logistic analysis test.

FIGURE 3

Disordered eating behaviors in study participants.

6 months. These findings suggest that participants who scored

high for EAT-26 scale weremore prone to be engaged in different

disordered eating behaviors (Figure 4).

Discussion

In this study, we took the first attempt to provide data about

the prevalence of eating disorders and their correlates among

a sample of Lebanese health sciences students and healthcare

practitioners. Overall, 22.5% of participants appeared to be at

high risk for eating disorders, with females being predominant

compromising 80.4% of high-risk participants. Female gender,

nutrition health profession, and dieting augmented the risk

of eating disorders, with dieting being the major contributor

by increasing the risk around 5 times. Besides, 28.9% of

participants showed a behavioral risk in binge eating, which

was the highest proportion among other reported disordered

behaviors. Participants with eating disorders risk had more

disordered eating behaviors, including binge eating, self-induced

vomiting, pills use, and rapid weight loss (9 kg or more) in the

last 6 months.

In contrast to preliminary investigations in Lebanon, our

obtained prevalence of eating disorders risk is higher than that

reported among medical students at the American University of

Beirut, in 2017, where 17% of students who completed the EAT-

26 scale were at high risk (11). We could relate this disparity in

findings to the fact that the current study enrolled both students
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TABLE 4 The relationship between participant’s characteristics and their behavioral risk.

In the last 6 months Binge eating Self-induced vomiting Laxatives, diet pills, Exercising for more Lose 9 kg or more

and diuretics use than 60min of body weight p-values

Risk No risk Risk No risk Risk No risk Risk No risk Risk No risk (a) (b) (c) (d) (e)

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Gender Males 96 (33.2) 155 (21.8) 18 (27.1) 235 (25) 30 (30.3) 221 (24.6) 42 (26.9) 209 (24.8) 50 (35.5) 201 (23.4) <0.001 0.72 0.21 0.57 0.01

Females 193 (66.8) 556 (78.2) 43 (72.9) 705 (75) 69 (69.7) 679 (75.4) 114 (73.1) 635 (75.2) 91 (64.5) 658 (76.6)

Position Students 180 (62.3) 423 (59.5) 38 (64.4) 565 (60.1) 55 (55.6) 548 (60.9) 87 (55.8) 516 (61.1) 87 (61.7) 516 (60.1) 0.41 0.51 0.30 0.21 0.71

Practitioners 109 (37.7) 288 (40.5) 21 (35.6) 375 (39.9) 44 (44.4) 352 (39.1) 69 (44.2) 328 (38.9) 54 (38.3) 343 (39.9)

Major Nutrition 81 (28) 247 (34.7) 18 (30.5) 309 (32.8) 28 (28.2) 299 (33.2) 39 (25) 289 (29.3) 45 (31.9) 283 (32.9) 0.04 0.71 0.32 0.02 0.81

Midwifery 15 (5.1) 29 (4) 5 (8.4) 39 (4.1) 9 (9) 35 (3.9) 5 (3.2) 39 (4.6) 4 (2.8) 40 (4.6)

Medicine 70 (24.2) 176 (24.8) 10 (17.0) 236 (24.8) 19 (19.2) 227 (25.2) 39 (25) 207 (24.5) 39 (27.6) 207 (24.1)

Pharmacy 60 (20.7) 124 (17.4) 6 (10.1) 178 (18.9) 20 (20.2) 164 (18.2) 33 (21.1) 151 (17.8) 33 (23.4) 151 (17.6)

Nursing 63 (21.8) 138 (19.4) 20 (33.8) 181 (19.8) 23 (23.2) 178 (19.2) 40 (25.6) 161 (19) 20 (14.2) 181 (21)

Weight

status

Underweight 9 (3.1) 68 (9.6) 2 (3.4) 75 (8) 3 (3) 74 (8.2) 5 (3.2) 72 (8.5) 3 (2.1) 74 (8.6) <0.001 0.02 <0.001 0.01 <0.001

Normal 170 (58.8) 477 (67.1) 31 (52.5) 615 (65.4) 41 (41.4) 605 (67.2) 92 (59) 555 (65.8) 72 (51.1) 575 (66.9)

Overweight 77 (26.6) 134 (18.8) 21 (35.6) 190 (20.2) 39 (39.4) 172 (19.1) 48 (30.8) 163 (19.3) 46 (32.6) 165 (19.2)

Obese 33 (11.4) 32 (4.5) 5 (8.5) 60 (6.4) 16 (16.2) 49 (5.4) 11 (7.1) 54 (6.4) 20 (14.2) 45 (5.2)

(a) The level of significance related to binge eating.

(b) The level of significance related to self-induced vomiting.

(c) The level of significance related to laxatives, diet pills, and diuretics use.

(d) The level of significance related to exercising for more than 60 min.

(e) The level of significance related to losing 9 kg or more of body weight. Bold values mean significant at p < 0.05 for chi-squared test.
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FIGURE 4

Eating behaviors across risk groups.

and practitioners from multiple health professions, including

nutrition sciences, who are frequently hypothesized to have a

higher prevalence of eating disorders than others. The latter

assumption is further confirmed by our study findings, by which

nutrition students and practitioners constituted the highest

proportion (40.9%) of high-risk participants. In 2007, using the

SCOFF questionnaire, a cross-sectional observation of students

at the Faculty of Health Care of the Saint Joseph University

in Beirut, Lebanon, detected eating disorders among 31.4% of

the total population, which exceeds our reported prevalence

(17). One plausible explanation for this discrepancy is that the

2007 study was conducted 6 months after the July 2006 war

in Lebanon. Wartime is a traumatic life event that may cause

an increment in the incidence rates of eating disorders among

affected civilians (17).

The obtained prevalence in the current study is lower but

comparable to that reported among Saudi female health sciences

students (35.4%) (18) and Egyptian medical students in Tanta

University (33%) (12). In contrast, a cross-sectional study with

575 medical students in Ain-Shams University found a 12.3%

prevalence of eating disorders among Egyptian students, much

lower than ours (19). The current findings are in agreement with

that reported in Pakistan among a sample of medical students

where 23% appeared to have a high risk of eating disorders based

on EAT-26 instrument (20). On the other hand, the prevalence of

eating disorders among 1,493 college students of the University

of Rouen-Normandy, France, exceeded our obtained one only

slightly (24.8%) (21). In the United States of America, the

prevalence of eating disorder risk among a sample of registered

dietitian nutritionists was about 13%, which was less alarming

than that obtained in the present study (22). Besides, eating

disorders were detected in 36% of the general Navy nurse

community (23). Added to these, 8.1% of Saudi female nurses

were shown to have eating disorders, including bulimia nervosa

and binge eating (24). The understanding of eating disorders was

also an interesting debate in some research studies. In one study

attempting to assess the eating disorders-related knowledge of

pharmacy students, it was evident that most of the participants

lacked knowledge, which was also illustrated in other studies

amongst healthcare professions (25). Thus, all published data

disclosed that eating disorders among health sciences students

and healthcare practitioners are of mounting concern in the

Arab region and worldwide. However, the prevalence of eating

disorders varies either slightly or widely from one country to

another. We suggest that the prevalence variations are due to

the differences in the study instruments used to screen or assess

eating disorders which may cause heterogeneity in findings, the

population diverseness, and the cultural background, whichmay

directly impact the risk of eating disorders of demographics.

As also observed in our study, the risk of eating disorders

varies significantly according to participants ‘gender, and this

is manifested by the finding that females predominate in the

high-risk category, having a 21% higher likelihood for the risk

of eating disorders than males. The latter finding appears to

be in confirmation with a recent study in Lebanon, which

showed that 72.7% of female medical students had high risk

in the EAT-26 scale (11). Another cross-sectional study with

Pakistani medical students provided similar results by observing

that 87.9% of high-risk participants were females (14). Also

consistent with these findings were that obtained in France (21),

the United States and Canada (26), Tunis (27), and Saudi Arabia

(18), which all explored that female participants were more

vulnerable to eating disorders risk than male participants. The

National Comorbidity Survey Replication (NCS-R), a national

community household survey of the prevalence and correlates

of mental disorders in the United States, found that women

have 1.75–3 times higher lifetime prevalence for anorexia,

bulimia, or binge eating disorder than men (28). The high
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vulnerability of females for eating disorders might be related

to multiple interlinked factors highlighted in previous research

observations. A cross-sectional study on the gender differences

in food choice found that women frequently reported avoiding

high-fat foods and sugary items (29). Besides, females expressed

more perceived unhealthiness for sugars, saturated fats, red

meat, white flour, and dairy products. Above these, females

reported feeling anxious about having unhealthy meals (29). Not

only the types of food do matter, but also females expressed

guilty and shameful feelings when eating at specific times of

the day. In a study analyzing how frequently and under what

circumstances college women did experience feelings of guilt

about food, the data indicated that the most “guilty moments”

were for snack time, after dinner eating, and in the evening (30).

The prevalence of body image dissatisfaction among females is

evident in the literature. In line with our findings, in Germany,

a cross-sectional study (N = 1,338) by Quittkat et al. (31) found

that women reported non-satisfaction with their body shape and

appearance more than males, which is associated with low self-

esteem, disordered eating, and poor health outcomes. Further,

women with eating disorders often wish to achieve a BMI of 15–

16 kg/m2; however, those without eating disorders are satisfied

with a BMI of 18–19 kg/m2 (32). An interview with women who

recovered from anorexia nervosa was performed to understand

their feelings and perceptions toward their eating behaviors;

they reported feeling happy and comfortable when controlling

their food intake (33). However, guilt, anguish, sadness, fear, and

anger were often associated with eating (33). “Food is considered

a villain” was also claimed in the interview, highlighting the

negative feelings anorexia nervosa patients usually have (33).

Along with this, the present study showed that more than

half of participants who reported binge eating behaviors (66.8%)

in the last 6 months were females. A research study in Norway

(n = 1,846) provided information in this respect, showing

that the prevalence of binge eating disorders in women is

twice that of bulimia nervosa and five times the prevalence of

anorexia nervosa disorders (34). Also of importance, dieting was

presented as a major risk factor for the pathogenesis of binge

eating (35). An early study showed that women who went on one

or more diets within the previous year or engaged in restrained

eating behavior showed frequent binge eating episodes (35).

In particular, craving for sweets is the prime trigger for binge

eating (35). Thus, one reasonable explanation for observing high

reports of binge eating among our female participants is that

near to half (45.1%) of them reported having dieting experiences.

Also of concern of the current study is that students and

practitioners in the nutrition profession constitute significantly

the highest proportion (40.9%) of high-risk individuals, with a

21% higher risk when compared with their counterparts in other

health professions, including midwifery, medicine, pharmacy,

and nursing. Besides, most of participants who had behavioral

risk for binge eating were significantly in the nutrition health

profession (28%). The latter finding was hypothesized and

not unusual due to the abundant data on the burden of

eating disorders among this susceptible subpopulation. Our

findings are consistent with that of preceding review on the

prevalence of eating disorders among nutrition students and

dietetic professionals which classified them as being highly

prone to experiencing food restrictions and weight control

(9). After a cross-sectional comparison with other health

professions, German nutrition students showed higher levels

of dietary restraint than others, with a particular risk of

orthorexia, defined as a stressful focus on eating healthily (36).

Moreover, 10% of American nutrition college students were

at a high level of concern for developing eating disorders,

with 10.3% of them met criteria for food addiction (37). In

2012, an international study (38) found that 77% of nutrition

students recognized eating disorders as a concern among their

peers. Besides, a pre-enrolment study of students’ motivations,

awareness, and expectations relating to careers in nutrition

and dietetics explored that personal experiences with family or

friends, obesity, and experiencing eating disorders were the top

motivators to choose nutrition profession (39).

Elaborating more on this topic, 4.6% of 283 surveyed

dietitians reported feeling guilty with self-hatred when straying

from their diet (40). In addition, 5% of the dietitians admitted

avoiding eating away from home or in a social event with

others (40). Otherwise, when inevitable, they took their food

along when eating away from home (1.1%) (40). Thinness’s

idealization and implications of food and body associated with

nutrition education exposed those in the nutrition profession

to higher eating disorder risk, as reported by a recent review

(9). The review adds that participants reported that their

body shape defines their success as dietitians and that a

successful dietitianmust have the perfect body shape to convince

others (9).

Another interesting finding of the present study is that

nursing students and practitioners constituted 18.7% of high-

risk participants, which is also an appreciable proportion and

could be comparable to that reported by their counterparts

in the nutrition profession. In previous investigations, in

Turkey, 84.5% of nursing students were at high risk of eating

disorders according to EAT-40, and 45.3% were at the risk

of developing Orthorexia Nervosa (ON), which were seriously

alarming findings (41). The risk of eating disorders among

nurses may be related to the high-stress environment they

are obliged to adapt to. Work stress and shift duty had been

proven to be related to inadequate eating habits among female

nurses working in Central Saudi Arabia (10). A high percentage

of the female nurses reported eating more fast food, snacks,

and binging (10). Further, working nighttime shift duty was

positively associated with restrained eating (OR = 1.53; p =

0.029) and emotional eating (OR = 1.24; p = 0.001) among

them (10).

In addition, it is worth to mention that medical students

and physicians in our study represented a salient proportion
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of high-risk participants (17.8%). Medical students had been

shown to have a considerable risk of eating disorders in many

preliminary investigations, including that reported in Lebanon

(11), Egypt (12), Brazil (13), and Pakistan (14). Of note, in

this study, the prevalence of eating disorders in the pharmacy

health profession was also just the same (17.7%) compared

to medicine. A cross-sectional study in Romania found that

more than one-third of pharmacy students keep diets to reduce

their weight, with participants with high body dissatisfaction

tended to have fewer main meals, and to skip breakfasts and

dinners (42). Besides, pharmacy students were not satisfied

with their body weight, despite not being overweight or obese

(15). On the other hand, midwifery was the least profession

associated with eating disorders risk, although the risk must

not be neglected. Due to the scarcity of data regarding the

prevalence and the correlation of eating disorders among

midwives and pharmacists, our current data is an initiative to

highlight an existing problem that may follow an upward trend

in coming observations. Health sciences students and health care

practitioners are shown in the current study to have a varied risk

for eating disorders, but the problem is still of concern among

all professions and highlight the need for further assessment

and diagnosis.

An unusual finding is that the predominant proportion

of high-risk participants was of normal body weight (60.4%),

with overweight participants coming next (28.9%). However,

a few of the high-risk participants were obese (4.9%), p =

0.01. Besides, normal-weight participants reported significantly

the highest risk for binge eating, self-induced vomiting, pills

use, excessive exercise, and rapid weight loss in the last 6

months as opposed to underweight, overweight, and obese

participants. The latter findings contradict that reported in

Russia, which found that bulimia was associated with a higher

risk of obesity (OR = 1.03, 95% CI: 1.02–1.05) among 13,341

adults who completed the EAT-26 (43). A systematic review

(44) on body image dissatisfaction found that obese individuals

had higher dissatisfaction rates than normal-weight individuals,

which also comes in incongruence with our findings. Added

to these, a study on prevalence and correlates of binge eating

disorders in the World Health Organization World Mental

Health Surveys found that binge eating disorders were estimated

to be 3 to 6 times higher among obese participants (45). Binge-

eating disorder (BED) and night-eating syndrome (NES) are

two forms of eating disorders that are associated with weight

gain, diabetic risk, and metabolic syndrome (46). Binge eating

disorders are associated with an earlier onset of overweight and

obesity; 30% of those with BED reported childhood obesity (47).

Among bariatric surgery patients, the prevalence rate of BED

ranges was estimated to reach 47%, which is considered very

high (48).

Based on our findings, a large proportion of high-risk

participants (72%) was dieting (currently or before) p < 0.001.

In addition, among all other predictors, dieting contributed to

about five times increase in the eating disorders risk (OR =

4.8, CI = 3.38–6.77, p < 0.001). Dieting has become a frequent

and normalized phenomenon in many cultures, even among

young children. Even though dieting may not be the only cause

of eating disorders, it is a crucial precursor. According to the

National Eating Disorders Association, “normal dieting” may

shift into “pathological dieting”; thus, leading to disordered

eating risk (49). Besides, the onset of eating disorders had

been detected after following diets, especially the restrictive

ones (49). Many researchers provide data in this regard. In

a study entitled: “Have Our Attempts to Curb Obesity Done

More Harm Than Good?”, Memon et al. (14) concluded that

dieting, if restrictive, may not help patients lose weight and

may cause psychological and physical adverse effects. They

also added that dieting induces more risks than benefits as

a means to lose weight, exploring the dieting and eating

disorders relationship (14). Along with media use, body

image dissatisfaction, and weight-related teasing, dieting may

contribute to the development of a spectrum of weight-related

disorders (50).

Also, a worth noted finding in the current study is that

participants had the highest behavioral risk in binge eating

(28.9%), followed by excessive exercise (15.6%), rapid loss of

body weight (14.1%), pills use (9.9%), and self-induced vomiting

(5.9%). Besides, compared to those having a low risk for eating

disorders on the EAT-26, high-risk participants significantly

reportedmore disordered behaviors regarding binge eating (34.2

vs. 27.4%, p = 0.04), self-induced vomiting (15.6 vs. 3.1%, p <

0.001), pills use (22.7 vs. 6.2%, p < 0.001), and rapid weight

loss (25.8 vs. 10.7%, p < 0.001). In a previous cross-sectional

study in Italy in 2009, self-induced vomiting was reported by

35.5% of eating disorder patients, with 21.1% having multiple

purging with vomiting. Besides, self-induced vomiting was

associated with a higher frequency of bulimic episodes, higher

levels of depression, longer eating disorder duration, and lower

self-determination (51). Eating disorder patients may develop

laxative abuse in a mistaken attempt to “feel thin” and “feel

empty,” resulting in a variety of serious health complications

(52). In some cases, eating disorder patients refuse to re-

hydrate, alarming for a lethal health condition, “dehydration”

(52). Among Anorexia Nervosa (AN) patients, the core feature

predominating is self-starvation resulting in an apparent loss in

body weight and fat (53). Anorexia nervosa adolescent females

lose more central body fat, while adult females lose more

peripheral fat (53). The American Psychiatric Association (APA)

claims that the Body Mass Index is typically under 18.5 in an

adult individual with anorexia nervosa (1).
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Limitations and strengths

Study findings should be interpreted with caution due to

some limitations. Firstly, the cross-sectional design of the study

limits reaching a causal inference. Secondly, some data may not

be accurate as the questionnaire was self-reported, exploring

possible bias in participants’ responses. In addition, responders

may intentionally under-report eating disorder-related attitudes

and behaviors. Besides, we did not perform a clinical diagnosis

for the high-risk participants to confirm the results of EAT-26.

The conclusions drawn from this study should be treated with

caution due to the use of the convenience sampling technique, as

it is prone to the challenge of representativeness. However, to our

knowledge, this study provides the first data on the prevalence

of eating disorder risk among health sciences students and

healthcare practitioners in different health professions. Besides,

student participants were recruited from multiple universities,

pharmacies, clinics, and hospitals across Lebanon, allowing for

data generalizability.

Conclusion and recommendations

This study uncovers an undervalued health-related

disorder in Lebanese health science students and healthcare

practitioners. Eating disorders have complex and inter-linked

etiologies and are beyond having an unhealthy relationship

with food. Although it is associated with a high mortality

rate in contrast to other chronic diseases, eating disorders

are still not valued enough in many societies, especially

where stigmatization is common. Public health workers and

researchers should promote health and well-being without

unintentionally inducing body image dissatisfaction and weight

stigma. Eating disorder counseling for health sciences students

and healthcare practitioners is recommended, as they are

supposed to educate others in their community. Future research

may aim to follow up high-risk individuals for clinical diagnosis

and treatment initiation. Other correlates with eating disorders

may also be examined to direct future interventions on the

right path.
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Background:During the lockdown period, a substantial group of these women

reported lifestyle changes.

Aim: The aim of the study is to characterize the dietary patterns, intake

and the adherence to the United States Department of Agriculture (USDA)

pregnancy guidelines before and during the COVID-19 pandemic in Eastern

Mediterranean postartum women.

Methods: An internet-based cross-sectional survey was used to collect the

data. The survey was carried out among 1,939 postpartum women from five

countries from the Eastern Mediterranean region. Change in dietary intake

from the five food groups and the adherence toUSDA’s daily recommendations

were assessed.

Findings: There was a significant increase in the mean (SD) consumption of

all the food groups, including bread, rice, and other cereals, fruits, vegetables,

milk and milk products, white and red meat, and nuts during the pandemic.

Around 84% of participants reported no/low adherence (0–2) to USDA

guidelines, whereas only 15% reported moderate or high adherence (3–5)
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to the guidelines before the pandemic. However, there was an increase in

the proportion of subjects reporting moderate/high adherence (22%) during

the pandemic.

Discussion and conclusions: A substantial proportion of our study participants

reported a lower dietary intake than the recommended amounts, and low

adherence to the five food groups. Reasonable and applicable actions should

be taken to protect postpartum women and their children from the e�ects

of low dietary intake, particularly during pandemics and lockdowns. More

researches are needed to identify the modifiable factors which could improve

the nutritional status of the postpartum women during the pandemic.

KEYWORDS

postpartum women, COVID-19, maternal nutrition, dietary intake, USDA

recommendations, adherence

Problem or issue

Limited evidence exists about the dietary patterns, intake

and the adherence to the USDA pregnancy guidelines before

and during the COVID-19 pandemic in Eastern Mediterranean

postpartum women.

What is already known

No studies available investigated the dietary patterns and

the adherence to the USDA pregnancy guidelines before and

during the COVID-19 pandemic in Eastern Mediterranean

postartum women.

What this paper adds

A considerable percentage of the study participants reported

a lower dietary intake than the recommended amounts, and

low adherence to the five food groups. More researches

are needed to identify the modifiable factors which could

improve the nutritional status of the postpartum women during

the pandemic.

Introduction

The postpartum period is a physiological stress period

characterized by significant metabolic and hormonal changes

(1). During this period, mothers are under a lot of stress and

worry about how they will regain their health and shape after

childbirth, which can lead to psychological concerns or disorders

in certain cases (1). When compared to the attention given

during pregnancy, mothers’ and their newborns’ health during

the postpartum period has been neglected in both developed

and developing countries (2). van der Pligt et al. (3) stated that

postpartum women received less advices about healthy diet and

physical activity as compared to during pregnancy (3). It is well-

known that food habits and practices vary among people and

are influenced by their culture. Whether their food supplies are

limited or abundant, women’s eating habits are influenced by

their socio-cultural context. These factors will have an impact

on their postpartum eating habits (2).

A healthy dietary pattern, which is characterized by fruits,

vegetables, whole grains, and fish, may decrease the risk of

many diseases, and cannot be overstated (1). Adequate nutrition

is critical throughout the months after childbirth because the

mother should recover after delivery and any nutrients ingested

by the mother pass to the infant through breast milk (4). On

the other hand, inadequate nutrition during the postpartum

period has been associated with the development of a variety

of illnesses; iron deficiency, for example, is a primary cause of

chronic anemia. Iron deficiency anemia was discovered in the

early postpartum period andwas found to exist in 21% of women

1 month postpartum (4).

The majority of postpartum women in different countries

do not receive any nutritional advice since individual dietary

assessment is not a part of the hospital stay after childbirth

or normal medical visits during the postpartum period

(4). Nonetheless, postpartum care is very important and

must include the prevention, early detection, and treatment

of complications and diseases. Therefore, counseling and

assistance on breastfeeding, birth spacing, immunization, and

maternal nutrition must be included during postpartum care

(2, 4).

Following the initial outbreak of the disease caused by the

SARS-CoV-2 virus in Wuhan (China) in December 2019, the

WHO declared a global health emergency, and the disease

was quickly classified as a pandemic (5). There is a limited

amount of information on how the novel coronavirus affects
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TABLE 1 Sociodemographic characteristics of the study postpartum women (n = 1,630).

Variable All

n = 1,630

Jordan

n = 223

Palestine

n = 391

Lebanon

n = 604

Saudi

Arabia n= 324

Bahrain

n = 88

p-Value

Mean (SD)

Age (year) 28.9 (5.1) 29.5 (5.1) 27.7 (4.9) 28.8 (4.7) 29.7 (5.4) 29.9 (5.5) 0.020

n (%)

Youth (18–24) 334 (20.5) 34 (15.2) 100 (25.6) 125 (20.7) 61 (18.8) 14 (15.9) <0.001

Young adults(>25) 1,296 (79.5) 189 (84.8) 291 (74.4) 479 (79.3) 263 (81.2) 74 (84.1)

Education level

Less than high school 77 (4.7) 26 (11.7) 13 (3.3) 27 (4.5) 9 (2.8) 2 (2.3) <0.001

High school diploma 207 (12.7) 50 (22.4) 61 (15.6) 60 (9.9) 17 (5.2) 19 (21.6)

Diploma 222 (13.6) 23 (10.3) 37 (9.5) 131 (21.7) 21 (6.5) 10 (11.4)

Bachelor’s degree 863 (52.9) 100 (44.8) 259 (66.2) 219 (36.3) 233 (71.9) 52 (59.1)

Graduate degree 261 (16.0) 24 (10.8) 21 (5.4) 167 (27.6) 44 (13.6) 5 (5.7)

Employment status

Employed 646 (39.6) 91 (40.8) 129 (33.0) 271 (44.9) 112 (34.6) 43 (48.9) <0.001

Unemployed 984 (60.4) 132 (59.2) 262 (67.0) 333 (55.1) 212 (65.4) 45 (51.1)

Family income

Decreased 930 (57.1) 168 (75.3) 279 (71.4) 329 (54.5) 130 (40.1) 24 (27.3) <0.001

Increased 100 (6.1) 4 (1.8) 21 (5.4) 50 (8.3) 19 (5.9) 6 (6.8)

No change 600 (36.8) 51 (22.9) 91 (23.3) 225 (37.3) 175 (54.0) 58 (65.9)

p-Value calculated based on ANOVA test/Chi-2.

postpartum women. In addition to that, women may experience

increased risks as a result of COVID-19, which might affect

their diet, nutrition habits, and access to nutrition services

(6, 7). The impact of the COVID-19 pandemic is expected

to be context-specific and differ depending on a variety of

country-specific factors (8). It was reported that poor dietary

quality was associated with postpartum depression in Chinese

lactating women, where depressed women tended to have a

more inadequate intake of vegetables and a more insufficient

variety of foods (9). A significant decrease was observed in the

consumption of fruits, followed by vegetables, and then salted

and sweet cereals from pregnancy to post-partum in Spain.

Besides that, a decreasing consumption of healthy food from the

first trimester to the post-partum period was also observed (10).

The aim of the study is to characterize the dietary intake

of the major food groups and the adherence to the USDA’s

dietary guidelines before and during the COVID-19 pandemic

in Eastern Mediterranean postpartum women.

Methods

Study design and setting

In this cross-sectional observational study, a web-based

questionnaire was used to compare the food intake of women

during the COVID-19 pandemic to the five food groups

recommended by the United States Department of Agriculture

(USDA) from July-December, 2020 (11). Majority of the

questionnaire elements were verified during a study conducted

on postpartum women in 2018 (more than 200 pregnant

women) (12, 13). There were five sections in this survey, which

include sociodemographic characteristics, maternal medical

history, eating patterns and food frequency questionnaire,

physical activity level, anthropometric data, smoking, mental

health, and food-related behaviors. The questionnaire’s first

section included questions about pregnancy and its progression,

such as the age of the mother, health status, comorbidities, and

other socio-demographic related questions including education,

residency, and economic situation. The second section of the

questionnaire included questions about the daily serving sizes

of common food (bread, pasta, cereal, vegetables, fruits, meat,

poultry, fish, and nuts) and the frequency of their consumption

preceding completion of the survey. Other questions in the

survey covered women’s habits prior to COVID-19 pandemic.

These questions asked about their mental health, smoking status,

and physical activity level. The questionnaire included multiple-

choice questions and other questions with open-ended answers.

Each participant was informed about the study goal and assured

of the confidentiality of their information before completing the

questionnaire. The questionnaire was distributed through email,

along with links to the website where subjects in the study could

complete it. The questionnaire was completed voluntarily and

anonymously, and participants had to consent to take part in

the study.
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TABLE 2 Health related characteristics of the study postpartum women (n = 1,630).

Variable All

n = 1,630

Jordan

n = 223

Palestine

n = 391

Lebanon

n = 604

Saudi

Arabia n= 324

Bahrain

n = 88

p-Value

Mean (SD)

Pre-pregnancy BMI kg/m2 26.3 (5.1) 26.8 (3.6) 26.2 (4.2) 25.8 (4.6) 26.8 (6.9) 28.2 (6.9) <0.001

n (%)

Body mass index (BMI)

Normal 580 (43.0) 72 (37.5) 137 (42.0) 226 (46.5) 120 (43.2) 25 (37.3) <0.001

Thin 21 (1.6) 0 (0.0) 3 (0.9) 10 (2.1) 7 (2.5) 1 (1.5)

Overweight 489 (36.2) 80 (41.7) 133 (40.8) 167 (34.4) 93 (33.5) 16 (23.9)

Obese class I 190 (14.1) 37 (19.3) 37 (11.3) 72 (14.8) 31 (11.2) 13 (19.4)

Obese class II 56 (4.2) 3 (1.6) 16 (4.9) 9 (1.9) 19 (6.8) 9 (13.4)

Obese class III 13 (1.0) 0 (0.0) 0 (0.0) 2 (0.4) 8 (2.9) 3 (4.5)

Diagnosed with COVID-19

No 1,523 (93.4) 201 (90.1) 386 (98.7) 570 (94.4) 296 (91.4) 70 (79.5) <0.001

Yes 107 (6.6) 22 (9.9) 5 (1.3) 34 (5.6) 28 (8.6) 18 (20.5)

Health problems

No 342 (25.1) 61 (31.3) 72 (21.8) 110 (22.3) 78 (28.1) 21 (30.9) 0.034

Yes 1,022 (74.9) 134 (68.7) 258 (78.2) 383 (77.7) 200 (71.9) 47 (69.1)

Diabetes

No 22 (95.7) – 22 (95.7) – – –

Yes 1 (4.3) – 1 (4.3) – – –

Gestational diabetes

No 1,516 (93.0) 188 (84.3) 376 (96.2) 578 (95.7) 295 (91.0) 79 (89.8) <0.001

Yes 114 (7.0) 35 (15.7) 15 (3.8) 26 (4.3) 29 (9.0) 9 (10.2)

Hypertension

No 1,607 (98.6) 220 (98.7) 382 (97.7) 598 (99.0) 321 (99.1) 86 (97.7) 0.404

Yes 23 (1.4) 3 (1.3) 9 (2.3) 6 (1.0) 3 (0.9) 2 (2.3)

Thyroid Disorders

No 1,572 (96.4) 217 (97.3) 368 (91.4) 587 (97.2) 315 (97.2) 85 (96.6) 0.085

Yes 58 (3.6) 6 (2.7) 23 (5.9) 17 (2.8) 9 (2.8) 3 (3.4)

Depression

No depression 93 (12.6) 16 (9.7) 14 (8.0) 35 (13.9) 23 (20.9) 5 (14.3) 0.004

Mild 310 (42.1) 76 (46.1) 61 (34.9) 106 (42.1) 49 (44.5) 18 (51.4)

Moderate 190 (25.8) 42 (25.5) 56 (32.0) 63 (25.0) 23 (20.9) 6 (17.1)

Moderately severe 85 (11.5) 23 (13.9) 30 (17.1) 20 (7.9) 9 (8.2) 3 (8.6)

Severe 59 (8.0) 8 (4.8) 14 (8.0) 28 (11.1) 6 (5.5) 3 (8.6)

Anxiety

No anxiety 243 (32.8) 36 (21.8) 55 (31.1) 91 (36.0) 43 (39.1) 18 (51.4) 0.006

Mild 372 (50.3) 97 (58.8) 85 (48.0) 123 (48.6) 52 (47.3) 15 (42.9)

Moderate 98 (13.2) 26 (15.8) 33 (18.6) 26 (10.3) 12 (10.9) 1 (2.9)

Severe anxiety 27 (3.6) 6 (3.6) 4 (2.3) 13 (5.1) 3 (2.7) 1 (2.9)

Physical activity

Inactive 315 (36.0) 25 (14.3) 95 (41.9) 112 (37.6) 60 (44.4) 23 (56.1) <0.001

Active 561 (64.0) 150 (85.7) 132 (58.1) 186 (62.4) 75 (55.6) 18 (43.9)

Smoking during pregnancy

No 796 (77.3) 49 (70.0) 211 (80.2) 275 (66.6) 207 (92.0) 54 (91.5) <0.001

Yes 234 (22.7) 21 (30.0) 52 (19.8) 138 (33.4) 18 (8.0) 5 (8.5)
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Variables and measurements

Body mass index

Postpartum body mass index (BMI) categories were

recorded for each participant as per the World Health

Organization (WHO) classification (14). BMI categories include

underweight, normal, overweight, obese class I, obese class II,

and obese class III.

Depression

To assess depression in postpartum women, the validated

Patient Health Questionnaire (PHQ-9) was used (15). The

questionnaire covered nine topics related to depression and had

a score range of 0–3, with 0 being never and 3 almost every

day. In this study, depression levels were classified as follows: no

depression = 0–4, mild depression = 5–9, moderate depression

= 10–14, moderately severe depression = 15–19, and severe

depression ≥20. PHQ-9 was used in this study because it has

been shown to be an efficient tool for detecting depression.

Anxiety

Anxiety symptoms were assessed using the clinically

validated seven-item Generalized Anxiety Disorder-7 (GAD-7)

(16). Participants responded to the GAD-7 survey by ranking

items on a four-point scale ranging from 0 (never) to 3 (almost

every day). Total anxiety severity was determined by scores

ranging from 0 to 4 for no anxiety, 5–9 for mild anxiety, 10–14

for moderate anxiety, and≥15 for severe anxiety.

Physical activity

Levels of physical activity were self-reported by the study

participants. Physical activity levels were recorded as low,

moderate, or high for any postpartum woman that participated

in at least half an hour of daily physical activity (17).

Dietary guideline for postpartum women

The classification of recommended food amounts was made

using the USDA guidelines for postpartum women (18). Two

categories of food groups were developed using the USDA

guideline cutoff points, and a score of 0 or 1 was provided for

each food group based on the UDSA daily recommendations,

with a score of 0 indicating lower intake and a score of 1

indicating higher intake.

The first food group is Bread, rice, and other cereals, and

the score was provided for lower intake when serving is <6,

or higher intake when serving is more than or equal to 6.

The second food group is Fruits, and a lower intake of fruit

is 2 servings, where as a higher intake is more than or equal

to 2 servings. Vegetables represent the third food group; <2.5

servings indicate a lower intake, while 2.5 or more servings

indicate a higher intake. Another food group is Proteins, where

servings of <5.5 indicate a lower intake, and more than or equal

to 5.5 servings indicate a higher intake. The last food group is

Dairy, a lower intake is <3 servings, while more than or equal

to 3 servings indicate a higher intake. Moreover, adherence to

each food group was tracked and recorded in this study, and

the score of adherance was added to each individual food group.

The variable was then divided into two categories to indicate low

adherance or high adherance. Low adherance is represented by

a score between 0 and 2, and high adherance is represented by a

score between 3 and 5.

Inclusion/exclusion criteria

Participants were chosen at conveniently, and data collection

was carried out under certain criteria, which include: (i)

postpartum since the pre-COVID-19 pandemic period; (ii)

pregnancy of normal course; (iii) age>18; (iv) place of residence

is in the five countries listed; (v) responding to all questions;

and (vi) participants providing written consent to participate

in the study. However, conception during the intra-COVID-

19 pandemic period, as well as specific risk factors such as

miscarriage, were exclusion criteria.

Statistics and data analysis

Study factors such as sociodemographic characteristics,

health status, and other study cofactors were summarized

as descriptive statistics. Means and standard deviations (SD)

were used to express continuous variables. Frequencies and

percentages were used to represent categorical variables. The

Chi-square test was applied to verify any statistically significant

difference between the five countries involved in this study,

and each categorical variable. The ANOVA test was applied for

continuous variables. To compare continuous variables before

and during the pandemic, the paired sample t-test was used,

while the McNemar test (a marginal homogeneity test for paired

data) was used to compare categorical variables. The statistical

significance level was set at p < 0.05, and the statistical analysis

was performed using SPSS version 25.

Results

Sociodemographic characteristics

A total of 1,630 postpartum women completed the

questionnaire. Table 1 shows that the mean age (SD) of the

study participants was 28.9 (5.1) years, with Bahrain having

the highest mean age of 29.9 (5.5) years and Palestine having
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TABLE 3 Daily intake of the main food groups per country according to USDA.

Food group Number of servings before the pandemic

n (%)

Number of servings during the pandemic

n (%)

p-Value p-Value

# (Before

vs.

during

the

pandemic)

All

n = 1,630

Jordan

n = 223

Palestine

n = 391

Lebanon

n = 604

Saudi

Arabia

n = 324

Bahrain

n = 88

p-Value All

n = 1,630

Jordan

n = 223

Palestine

n = 391

Lebanon

n = 604

Saudi

Arabia

n = 324

Bahrain

n = 88

Bread, rice and

other cereals

[Mean (SD)]

4.6 (3.2) 4.2 (2.4) 4.7 (3.9) 4.4 (2.5) 4.8 (3.6) 5.8 (2.9) 0.203 5.2 (3.8) 5.8 (3.8) 5.3 (4.6) 4.9 (3.0) 5.3 (3.9) 5.3 (2.9) <0.001

Bread, rice and other cereals n (%)

<6 320 (65.0) 58 (74.4) 110 (67.5) 95 (63.3) 48 (62.3) 9 (37.5) 0.018 265 (57.0) 25 (46.3) 98 (60.9) 84 (57.1) 48 (60.8) 10 (41.7) 0.18 0.003

≥6 172 (35.0) 20 (25.6) 53 (32.5) 55 (36.7) 29 (37.7) 15 (62.5) 200 (43.0) 29 (53.7) 63 (39.1) 63 (42.9) 31 (39.2) 14 (58.3)

Fruits [Mean (SD)] 2.0 (1.6) 1.7 (1.1) 2.1 (1.6) 2.1 (1.8) 1.8 (1.4) 2.4 (2.6) 0.217 2.2 (1.6) 2.6 (1.7) 2.1 (1.5) 2.2 (1.6) 2.0 (1.7) 2.1 (1.5) 0.218 0.016

Fruits n (%)

<2 231 (52.4) 54 (61.4) 68 (48.9) 59 (46.1) 42 (61.8) 8 (44.4) 0.078 183 (44.9) 21 (33.3) 64 (47.4) 54 (44.3) 38 (53.5) 6 (35.3) 0.162 0.078

≥2 210 (47.6) 34 (38.6) 71 (51.1) 69 (53.9) 26 (38.2) 10 (55.6) 225 (55.1) 42 (66.7) 71 (52.6) 68 (55.7) 33 (46.5) 11 (64.7)

Vegetables [Mean

(SD)]

1.9 (1.3) 1.8 (1.3) 2.0 (1.4) 1.8 (1.0) 1.7 (1.5) 2.5 (1.7) 0.055 2.3 (1.9) 2.8 (1.9) 2.2 (1.6) 1.9 (1.2) 2.4 (3.3) 2.3 (1.6) 0.045 <0.001

Vegetables n (%)

<2.5 356 (76.7) 76 (77.6) 104 (72.7) 106 (80.9) 56 (80.0) 14 (63.6) 0.274 297 (67.8) 39 (52.0) 100 (71.4) 97 (75.2) 49 (68.1) 12 (54.5) 0.006 <0.001

≥2.5 108 (23.3) 22 (22.4) 39 (27.3) 25 (19.1) 14 (20.0) 8 (36.4) 141 (32.2) 36 (48.0) 40 (28.6) 32 (24.8) 23 (31.9) 10 (45.5)

Milk and milk

products [Mean

(SD)]

1.8 (1.8) 1.7 (1.4) 1.8 (1.4) 1.9 (2.4) 2.0 (1.8) 2.1 (1.4) 0.768 2.0 (1.6) 2.3 (1.9) 1.9 (1.6) 1.8 (1.5) 2.1 (1.8) 2.0 (1.4) 0.321 0.015

Milk and milk products n (%)

<3 378 (84.0) 80 (88.9) 111 (81.0) 113 (86.9) 58 (79.5) 16 (80.0) 0.32 323 (77.6) 47 (70.1) 105 (80.2) 100 (80.6) 56 (75.7) 15 (75.0) 0.473 0.001

≥3 72 (16.0) 10 (11.1) 26 (19.0) 17 (13.1) 15 (20.5) 4 (20.0) 93 (22.4) 20 (29.9) 26 (19.8) 24 (19.4) 18 (24.3) 5 (25.0)

White and red

meats and nuts

[Mean (SD)]

3.7 (2.7) 3.7 (2.4) 3.5 (2.7) 3.6 (2.8) 3.8 (2.9) 3.8 (1.9) 0.939 4.2 (3.5) 5.4 (3.0) 3.7 (2.6) 3.6 (2.8) 4.1 (3.1) 6.7 (9.2) <0.001 <0.001

White and red meats and nuts n (%)

<5.5 328 (80.0) 77 (73.3) 96 (82.1) 84 (81.6) 58 (85.3) 13 (76.5) 0.319 263 (71.1) 37 (48.7) 86 (76.8) 76 (81.7) 54 (76.1) 10 (55.6) <0.001 0.004

(Continued)
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TABLE 3 Continued

Food group Number of servings before the pandemic

n (%)

Number of servings during the pandemic

n (%)

p-Value p-Value

# (Before

vs.

during

the

pandemic)

All

n = 1,630

Jordan

n = 223

Palestine

n = 391

Lebanon

n = 604

Saudi

Arabia

n = 324

Bahrain

n = 88

p-Value All

n = 1,630

Jordan

n = 223

Palestine

n = 391

Lebanon

n = 604

Saudi

Arabia

n = 324

Bahrain

n = 88

≥5.5 82 (20.0) 28 (26.7) 21 (17.9) 19 (18.4) 10 (14.7) 4 (23.5) 107 (28.9) 39 (51.3) 26 (23.2) 17 (18.3) 17 (23.9) 8 (44.4)

Adherence to food

groups

1.1 (1.4) 0.9 (1.1) 1.3 (1.5) 1.1 (1.3) 1.2 (1.4) 1.7 (1.5) <0.001 1.4 (1.5) 1.5 (1.1) 1.4 (1.6) 1.3 (1.4) 1.5 (1.6) 2.0 (1.7) <0.001 <0.001

Adherence to food groups

No/low (0–2) n (%) 478 (84.6) 115 (89.1) 138 (82.6) 138 (84.1) 67 (82.7) 20 (83.3) 0.589 425 (78.4) 90 (80.4) 127 (77.9) 129 (80.6) 65 (78.3) 14 (58.3) 0.168 <0.001

Moderate/high

(3–5) n (%)

87 (15.4) 14 (10.9) 29 (17.4) 26 (15.9) 14 (17.3) 4 (16.7) 117 (21.6) 22 (19.6) 36 (22.1) 31 (19.4) 18 (21.7) 10 (41.7)

Adherence to food

groups

Before pandemic

n (%)

During pandemic

n (%)

No/low (0–2) 478 (84.6) 425 (78.4)

Moderate/high

(3–5)

87 (15.4) 117 (21.6)
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the lowest mean age of 27.7 (4.9). Moreover, most of the study

participants were from Lebanon (n = 604) and the overall

study subjects belonged to the young adults age subgroup, as

79.5% were older than 25 years, with Jordan having the highest

proportion (84.8%) and Palestine having the lowest proportion

(74.4%) of this age subgroup (p-value < 0.001). More than

half of the study participants own a bachelor’s degree (53%),

with Saudi Arabia having the highest proportion (72%) and

Lebanon having the lowest (36%) among all. On the other hand,

the highest proportion of participants having a graduate degree

is in Lebanon (27%; p-value < 0.001). The majority of the

women in this study are unemployed (60.4%) with Palestine

having the highest percentage of unemployed women (67%),

while Bahrain, on the other hand, has the highest percentage of

employed women (48.9%; p-value < 0.001). Only a few subjects

reported an increase in the family income (6.1%), whereas the

vast majority reported a drop in their family household income

(57.1%), with Jordan having the highest percentage of this drop

in income (75.3%) and Bahrain having the least drop (27.3%;

p-value < 0.001).

Health related characteristics of
postpartum women

The health characteristics of the study participants are

summarized in Table 2. The mean (SD) pre-pregnancy BMI was

26.3 (5.1) kg/m2. Lebanon had the lowest mean (SD) BMI of

25.8 (6.9) kg/m2, and Bahrain had the highest mean (SD) BMI

of 28.2 (6.9) kg/m2 (p-value < 0.001). The majority of the study

participants had a normal BMI (43%), 36.2% were overweight,

19.3% were obese, and only 1.6% were underweight. The highest

proportion of normal BMI was in Lebanon (46.5%), and Jordan

had the highest proportion of overweight (41.7%), Bahrain had

the highest proportion of obesity among all, with 19.4, 13.4, and

4.5% in class I, II, and III respectively, while Saudi Arabia had

the highest proportion of underweight (2.5%; p-value < 0.001).

Only a small proportion of the respondents were diagnosed with

COVID-19 (6.6%), with Bahrain having the highest percentage

(20.5%), and Palestine had the lowest percentage (1.3%; p-

value < 0.001). The vast majority of the study participants

reported having health complications, with Palestine having the

highest proportion (78.2%), and Jordan having the least (68.7%).

Most of the participants reported having no diabetes (95.7%),

gestational diabetes (93%), hypertension (98.6%), or thyroid

disorders (96.4%). However, a large proportion reported mild

to severe depression (87.4%). Mild depression was reported by

42.1% of the participants, with more than half of them being

in Bahrain (51.4%), while 25.8% reported moderate depression,

with the highest proportion being in Palestine (32%). Moreover,

around 67% were anxious, with the highest proportion of mild

anxiety being in Jordan (58.8%), moderate anxiety being in

TABLE 4 Adherence to recommended number of food groups

according to USDA.

Number of

food groups

Before

pandemic

n (%)

During

pandemic

n (%)

p-Value

0 237 (41.9) 185 (34.1) <0.001

1 169 (29.9) 157 (29.0)

2 72 (12.7) 83 (15.3)

3 40 (7.1) 56 (10.3)

4 24 (4.2) 30 (5.5)

5 23 (4.1) 31 (5.7)

Palestine (18.6%), and severe anxiety being in Lebanon (5.1%).

Most of the respondents were physically active (64%), with

Jordan placing first (85.7%), and Bahrain placing last (43.9%; p-

value < 0.001). Smoking during pregnancy was not high among

the respondents. 22.7% reported smoking during pregnancy,

with Lebanon having the highest proportion (33.4%) and Saudi

Arabia having the lowest proportion (8%; p-value < 0.001).

Daily intake of the main food groups
according to usda

Daily consumption of the main food groups before and

during COVID-19 pandemic is presented in Table 3. There

was a substantial increase in the mean (SD) consumption of

all the food groups, including bread, rice, and other cereals,

fruits, vegetables, milk and milk products, white and red meat,

and nuts (p-value < 0.05). Prior to the pandemic, Bahrain

had the highest consumption of bread, rice, and other cereals

(62.5%; ≥6 servings/day), fruits (55.6%; ≥2 servings/day), and

vegetables (36.4%; ≥2.5 servings/day) compared to Jordan,

Palestine, Lebanon, and Saudi Arabia. However, this difference

was only significant in the bread, rice, and cereal group (p-

value < 0.05). Saudi Arabia had the highest consumption of

milk and milk products (20.5%; ≥3 servings/day), while Jordan

had the highest consumption of white and red meats and

nuts (26.7%; ≥5.5 servings/day). However, this difference was

not significant. In contrast, Jordan had lower consumption of

bread, rice, and cereals (25.6%; ≥6 servings/day; p-value <

0.05). After the COVID-19 pandemic, Bahrain had the highest

consumption of bread, rice, and cereals, while Jordan had the

highest consumption of fruits (66.7%; ≥2 servings/day) and a

significant increase in consumption of vegetables (48%; ≥2.5

servings/day; p-value = 0.006). Other than that, Jordan had a

significant increase in white and red meat and nut consumption

and was the highest among the other countries even after the

pandemic (51.3%; ≥5.5 servings/day; p-value < 0.001).
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Moreover, there was a significant change in the adherence

to food groups as per the USDA guidelines, which is presented

in Table 3. Before the pandemic, around 84% of participants

reported no/low adherence (0–2) to USDA guidelines, whereas

only 15% reported moderate or high adherence (3–5) to

the guidelines. On the other hand, during the pandemic,

there was an increase in the proportion of subjects reporting

moderate/high adherence (22%; p-value < 0.001).

Table 4 shows a clear presentation of the adherence to

recommendations of USDA guidelines before and after the

pandemic. Adherence to consumption of bread, rice, and cereals

decreased during the pandemic to 29%, whereas adherence to

the rest of the food groups (fruits, vegetables, milk and milk

products, white and red meat, and nuts) significantly increased

(p-value < 0.001)

Mitigation measures adopted by post-partum women to

cope with the situation during the COVID-19 pandemic are

presented in Figure 1. Majority of the women reported no

change in food related behaviors during the pandemic. However,

9% stated that they go for easy to prepare foods, 8% go for dishes

that require less food during preparation, and 7% reported

worsened food quality and choosing cheaper food.

Discussion

This study mainly focuses on comparing postpartum

women’s dietary intake of the main food groups and their

adherence to the USDA dietary guidelines in five Eastern

Mediterranean countries (Jordan, Palestine, Lebanon, Saudi

Arabia, and Bahrain) before and during the COVID-19

pandemic. Overall, the study finds a decent improvement in the

number of servings of all food groups and a slight improvement

in their adherence to USDA dietary recommendations during

the COVID-19 pandemic. Yet, the dietary consumption of the

five food groups among the majority of the study participants

was still below the recommendations.

The sociodemographic characteristics (age, education level,

employment status, and family income) of postpartum women

showed statistically significant differences between the five

countries. The majority (80%) of the participants included

were young adults (>25 years old), and more than half of the

participants were educated and held a bachelor’s degree, which

is similar to most studies conducted on postpartum women

(3, 9, 19). On the contrary, in a study conducted in Egypt, only a

quarter of the postpartumwomen had a university education (2).

In addition, more than 50% of the participants were unemployed

and reported a decrease in their family income during the

COVID-19 pandemic. In the Australian first-time mothers’

study, only (1.8%) were unemployed and (88.6%) were keeping

house and raising children (3). Although they were doing a full-

time job, this group was considered unemployed in our study.

Additionally, a decrease in family income was reported in 38

countries worldwide during the COVID-19 pandemic (20) as in

our reported results.

Prior to pregnancy, the mean body mass index (BMI) of the

participants was 26.3 (5.1) indicating that they were overweight.

However, during postpartum (36.2%) were overweight, which

might be related to breastfeeding or due to the reduction in their

family’s income during the pandemic. Moreover, a statistically

significant difference between the BMI categories among the

five countries was found. Previous studies conducted in China

(9) and Australia (3) showed a lower percentage (28.1%) of

overweight postpartum women, where the mean postpartum

BMI was 26.2 (5.0) which is similar to our participants’ pre-

pregnancy BMI. Regarding the other health characteristics, most

of the postpartum women were not diagnosed with COVID-

19, diabetes or gestational diabetes, hypertension, and thyroid

disorders, despite that (75%) reported having health problems.

Other than that, 64% of our participants were physically active

and 77% did not smoke during pregnancy, which decreased

the risk of chronic diseases as mentioned above. Around half

of them reported suffering from mild depression and anxiety,

which is higher than the proportion reported in the Urban China

study (9). These results might be related to the lower intake of

fish or omega-3 polyunsaturated fatty acids during pregnancy

and the postpartum period, as reported by Hamazaki et al. (21).

The COVID-19 pandemic and its socio-economic effects

are likely to negatively impact the dietary intake and

nutrition status of women, particularly during pregnancy and

breastfeeding. Postpartum is a nutritionally vulnerable period

since the maternal nutrient needs increase to meet physiological

requirements, support the infants’ and children’s growth and

development, and protect the health of the mother while

breastfeeding. In the context of COVID-19, women may face

additional risks affecting their diet quality and quantity (6).

Unfortunately, the current literature lacks research articles

that study the change in dietary intake from the main food

groups and the adherence to the dietary guidelines and

recommendations during the COVID-19 pandemic among

postpartum women. However, there were a few longitudinal

studies that examined the changes in the dietary intake of

pregnant mothers in the third trimester and the first 40 days

or months during the postpartum period, and a second study

that examined postpartum maternal diet quality overtime in a

population at high risk for obesity (10, 22, 23).

In general, our study results showed significant differences

in the mean number of servings of bread, rice, and other cereals,

fruits, vegetables, milk and milk products, and white and red

meat and nuts consumption during the pandemic compared

to before the pandemic. This was expected since more than

95% of the postpartum women did not reduce their intake of

the main five groups, the number of meals, or the amount of

food consumed to cope with the situation during the pandemic.

Additionally, the only significant difference was in bread, rice,

and other cereal consumption among the five countries before

Frontiers inNutrition 09 frontiersin.org

162

https://doi.org/10.3389/fnut.2022.932418
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Tayyem et al. 10.3389/fnut.2022.932418

FIGURE 1

Mitigation measures adopted by post-partum women to cope with the situation during the pandemic.

the pandemic, where 63% of Bahraini women had an intake of

>6 servings. Even though during the pandemic, a difference

was noticed in the consumption of vegetables, white and red

meat and nuts, where 48% of Jordanian women consumed

>2.5 servings of vegetables and 82% of Lebanese women

consumed <5.5 servings of meat and nuts group. Moreover,

there was no difference in the postpartum women’s adherence

to the five food groups’ consumption before or during the

pandemic when compared to the USDA’s recommendations.

Although, a statistically significant difference was detected in

the moderate/high adherence when compared to the overall

adherence (represented by an increase from 15 to 22% during the

pandemic), the majority of the women showed low adherence.

Kay et al. (22) conducted a longitudinal observational study

on a cohort of low-income, non-Hispanic black mothers in

the postpartum period from 3 to 18 months to investigate the

consumption of key food groups and the adherence to the

2010 Dietary Guidelines for Americans (DGAs). They found

most mothers’ median intake of grains was near recommended

levels, but whole grain intake was low, suggesting most grains

are coming from refined, processed foods. Another recent

study reported a decrease in the Health Eating Index scores

based on the number of servings consumed after 6 months

postpartum in total grain products and whole grains compared

to 3 months postpartum (23). The mean dietary grain intakes

among two groups (community dwelling and residents in the

Maternity Care Center) of lactating women in Shanghai during

the puerperium were around the recommended values based

on the Food Graph Reference for Retrospective Dietary Survey,

although in the community sample it was slightly lower (24).

Also, a study conducted on 32 healthy German women at 6

weeks post-partum revealed a decrease in carbohydrate intake

(25). In this study, only 43% of women during the pandemic

met the recommendations (>6 servings/day) for bread, rice, and

other cereals. The mean dietary intake from this food group

was below the recommendation. During the pandemic, a slight

increase in the mean 5.2 (3.8) was noticed compared to the mean

intake 4.6 (3.2) before the pandemic in the five countries.

Recently, Pligt et al. (3) used the Cancer Council of

Australia’s Food Frequency Questionnaire to assess the fruit

and vegetable intake (servings/day) of postpartum women.

Their results showed that approximately half of the participants

(55.4%) met the fruit recommendations defined as two or more

servings/day. Furthermore, no change was recorded in the

median daily servings of fruits (two servings) at 3, 6, 9, 12,

and 18 months during the periodical postpartum follow-up (22).

Our results are in-line with the previous results where 55.1% of

mothers consumed >2 servings of fruits during the pandemic

and the mean number of servings significantly increased during

the pandemic to reach 2.2 servings.

In the Shanghai study, all lactating mothers’ mean

intake of vegetables, tubers, and fruit was lower than the

recommendations (24). In a large prospective cohort study

conducted to explore the changes in vegetable intake between

pregnancy and the postnatal period using the diet history

questionnaire, researchers found that 44% of women were

not meeting vegetable recommendations during pregnancy

or in the postpartum period. Remarkably, at 4 months

postpartum, 15% of women consumed the recommended

number of servings of vegetables during pregnancy but did

not meet the recommendation (26). Moreover, Pliget et al.

(3) reported that 8.6% of all Australian postpartum women
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met the recommendations for vegetable intake, defined as >5

servings per day, with 44.9% of women consuming <2 servings

per day of vegetables (27) and only 7.2% of total women

met the recommendations for both fruit and vegetable intake

(3). In our study, 32% of women met the recommendations

(>2.5 servings/day) of vegetable intake during the pandemic,

and the mean servings 2.3 (1.9) of vegetable intake was

lower than the recommended amounts, although there was

a significant increase in the mean vegetable serving during

the pandemic among the five countries. Nevertheless, 68% of

participants consume <2.5 servings per day. Our results agree

with previous studies regarding the adherence to the dietary

intake of vegetables but also disagree with other results due to

not considering the women’s dietary intake during pregnancy

in the current study and the difference in the dietary guidelines

used in each study

The postpartum women’s milk and milk product intake was

below the recommendations, and the mean intake was 2.0 (1.6)

cups during the pandemic, which is higher than their intake 1.8

(1.8) before the pandemic. More than three-fourths (78%) of

them consumed <3 cups daily during the pandemic. Kay et al.

(22) assessed the dietary intake of postpartum women at each

home visit using a computerized 24-h recall and investigated the

adherence to the Dietary Guidelines for Americans. They found

many mothers consuming dairy foods, but the median number

of servings was approximately one-third of the recommendation

of 3 servings per day. Our results disagree with Kay et al.

because we have approximately one fourth of our participants

(22%) consuming >3 servings per day. In agreement with our

results, at 6 months postpartum, Cuervo et al. (28) observed a

decrease in milk and milk product intake. Similar observations

were reported at 26 weeks postpartum (29) and at 4 months

postpartum in Australian women with obesity (30). Similarly,

in the Shanghai study, the milk intake was low in the 2 groups

of postpartum lactating mothers, with an overall mean intake of

approximately a quarter of the recommended quantity (24).

The last food group studied was proteins, or white and red

meats and nuts. Results showed that during the pandemic, 71%

of the postpartum women had an intake that was below the

recommendations. Theirmean daily intake during the pandemic

was 4.2 (3.5) ounces, while it was less before the pandemic

3.7 (2.7 ounce/day). Only 29% of the participants during the

pandemic met the recommendation of> 5.5 ounces/day. On the

contrary, the mean meat/poultry, egg, and fish/shrimp intakes

of all studied Shanghai lactating mothers were higher than the

recommendations (24). Furthermore, in the Kay et al. study,

almost all mothers consumed protein foods (i.e. meat, poultry,

seafood, eggs, soy products, nuts, and seeds) and they met the

recommendations. Similar to our results, a study that followed

mothers from pregnancy to 4 months postpartum reported

a decrease in the quality and quantity of meat consumption

(30). Research also focused on fish and omega-3 consumption

postpartum, and they linked the higher intake with a reduction

in postpartum depression risk at 6 months after delivery and

serious mental illness at 1 year after delivery (21).

Due to differences in selected postpartum periods, the results

of research articles on the dietary intake of postpartum women

varied. For instance, one study looked at 26 weeks postpartum

(29) and showed a decrease in the intake of fruits, vegetables,

cereals, and oils. Another study looked at 6 months postpartum

and found a decrease in the intake of cereals, vegetables,

fruits, and dairy products (28). Moreover, a different study

looked at 4 months postpartum and found a reduction in the

consumption of milk, meat, and oil (30). Recently, in research

that evaluated and compared the immediate postpartum (up to

40 days after delivery) dietary intake with the third trimester

of pregnancy, a significant lower intake of fruits, vegetables,

salted, and sweet cereals was observed, but there was no change

regarding adherence to theMediterranean diet (10). Lebrun et al.

studied dietary intake and diet quality from the third trimester

of pregnancy to 6 months postpartum using completed 2–3

Web-based 24-h recalls. They discovered that the total intake

of several micronutrients (vitamins A, C, D, group B vitamins,

iron, magnesium, zinc, calcium, phosphorus, manganese, and

copper) and supplements intake decreased significantly over

time, while the total Canadian healthy eating index score and

its components did not change (23). Additionally, similar results

were found regarding the dietary intake of postpartum women

at different times in cross-sectional studies, where mothers were

not meeting the recommended intake levels, especially fruits

and vegetables, while they were consuming excessive amounts

of sugar-sweetened beverages (3, 31–34).

Several studies (10, 22–24) found that postpartum women

did not adhere to the recommended number of food groups.

These results are similar to our findings, but the difference was

that we studied the change in adherence during the COVID-19

pandemic according to USDA dietary guidelines. A statistically

significant difference was found in women’s adherence to the

five-food groups, although the percentage of women adhering

to the five food groups was 4.1% before the pandemic and

5.7% during the pandemic. This means most women have low

adherence either before or during the pandemic. Unfortunately,

no studies were found about postpartum women’s dietary

adherence to guidelines during the COVID-19 pandemic except

through pregnancy (5, 35). For instance, in an internet-based

cross-sectional survey, the adherence of pregnant Spanish

women to the Mediterranean diet showed that more than half

(57.8%) had moderate adherence, around a third (35.6%) had

high adherence, and only a small percentage (6.6%) reported low

adherence (5).

This study has several strengths. It is the first of its type in

the Eastern Mediterranean Region that examined the change

in postpartum women’s dietary intake and adherence to USDA

dietary guidelines before and during the COVID-19 pandemic.

In addition, it included an acceptable number of participants

from five different countries. However, the study has a number
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of limitations, including that it was an internet-based cross-

sectional survey and that bias selection might have occurred.

Besides the limits/cutoffs of the five food groups, dietary intake

was adopted from the USDA dietary guidelines because of a

lack of common Eastern Mediterranean guidelines, yet this may

not give us the right picture about the Eastern Mediterranean

women’s dietary status. Lastly, this study contained many

questions, which designed to identify the woman’s dietary intake

situation during the pandemic, thereby determining the amount

of food consumed and identifying the nutrients level was

not possible.

Conclusions

The COVID-19 pandemic has positive effects on dietary

intake and adherence to guidelines among postpartum Eastern

Mediterranean women. However, a large proportion of our

study participants maintained their dietary intake below the

recommended amounts, and low adherence to the five food

groups. Therefore, urgent actions should be taken to protect

postpartum women and their children from the effects of low

dietary intake, particularly during pandemics and lockdowns,

through focusing on nutrition support programs, nutrition

education, and the promotion of adopting healthy eating

behaviors and lifestyle. Further research is needed to assess

dietary intake in quality and quantity in a larger cohort of

postpartum women using longitudinal follow-up studies and to

identify mothers at higher risk of inadequate intake to cover

them in nutrition intervention programs.
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Background: The aim of this study was to define the dietary patterns (DPs) of

a sample of Lebanese pregnant women and to establish their correlation with

maternal and neonatal outcomes.

Methods: A cross-sectional study was conducted among 358 Lebanese

pregnant women. Maternal socio-demographic variables, anthropometric

measurements, gestational weight gain and neonatal outcomes such as

weight, length, head circumference and Apgar score were collected by

qualified dietitians. Dietary intake was assessed by a validated food frequency

questionnaire and three 24-h dietary recalls. DPswere determined, a posteriori,

by a factor analysis to distinguish the inter-correlations between the food

groups and a cluster analysis method to assemble the participants into

groupings based on similarities in food consumption.

Results: The identified DPs were not exclusively composed of specific food

groups, since some components were overlapping in the DPs. The first one

was characterized by a high consumption of starchy vegetables, unsaturated

fats and unhealthy foods, the second was rich in fruits and vegetables, seeds,

rice and pasta, and in fried local meals and the third was mainly based

on protein-rich foods like poultry, fish, eggs and dairy products. They were

named respectively as “Westernized,” “Mixed” and “Neo-Mediterranean” by the

research team. Women having the lowest pre-gestational body mass index

(BMI) and higher gestational age followed mainly the “Neo-Mediterranean”

eating pattern.

Conclusion: The three identified DPs among Lebanese pregnant women

were correlated with the pre-gestational BMI, and some maternal variables.

However, neither the maternal nor the neonatal outcomes were correlated

with the DP adopted by the mothers.

KEYWORDS

dietary patterns, pregnancy, neonatal outcomes, bodymass index, gestational weight

gain
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Background

Eating habits are the outcome of complex interactions

of internal (hormonal, metabolic, physiological) and external

(cultural, socio-demographic, economical) stimuli, leading the

individual to select a specific set of certain foods, determining his

dietary pattern (DP). Environmental and genetic factors affect

the health of individuals, thus assessing single nutrient intake

alone cannot accurately predict its impact on health and disease

(1). Hence, the current approach in research is to move from

the analysis of nutrients to a more holistic approach through the

determination of DPs, in order to capture actual trends in dietary

habits and achieve a reliable and valid dietary output, since

people eat a combination of foods, not nutrients, composed of

bioactive components that act synergically (2, 3).

Optimal fetal development and maternal health depend on

a constant supply of high quality nutrients. In fact, higher

adherence to healthier DPs was positively associated with better

neonatal outcomes: appropriate birth weight, reduced fetal

growth restriction and lower risk of preterm birth (2). Medical

health authorities such as the World Health Organization

(WHO) advise women to adopt a healthier lifestyle, monitor

gestational weight gain, promote daily physical activity and

abstain from smoking, alcohol and illicit drugs (2, 4, 5).

Assessing the nutritional status of pregnant women and its short

and long term repercussions on gestational complications such

as diabetes (6), preeclampsia and adverse neonatal outcomes

(7) is influenced by eating habits, environmental factors, and

maternal hormonal fluctuations. The variability in research

results justifies the need to conduct culture-based studies.

In a recent review and metanalysis published in 2019,

adopting a “healthy” DP by pregnant women reduced the risk

of preterm delivery and, hence improved several birth outcomes

such as birth weight and gestational age (2).

Although future mothers become highly motivated and tend

to adopt healthier eating habits, however, nutrition transition

affects the eating patterns of all subgroups of the population

worldwide. Lebanon is a small middle-income country on the

Eastern shore of the Mediterranean Sea, reputed for its cuisine.

However, during the last decades, the traditional Mediterranean

meals have gone from high-fiber foods, such as non-refined

cereals, nuts and seeds, fruits and vegetables, olive oil and

vegetable-based proteins, to high-fat, low-fiber foods, rich in

animal-based proteins and saturated fats (8). This dietary shift,

together with the decline of the economic situation in the

Abbreviations: BMI, body mass index; DP, dietary pattern; FFQ,

Food Frequency Questionnaire; FG, food group; GWG, gestational

weight gain; HDF, Hôtel Dieu de France; IOM, Institute of Medicine;

KMO, Kaiser-Meyer-Olken; MUFA, monounsaturated fatty acids;

PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids; SD,

standard deviation; USJ, Saint-Joseph University; WHO, World Health

Organization.

country, affected the nutritional status of the population, leading

them to buy cheaper and unhealthy food alternatives, thus,

increasing the prevalence of chronic diseases such as metabolic

syndrome and cancer (9).

We hypothesized that pregnant women opting for an

unhealthy DP, rich in refined foods, sugars and saturated

fat would have a higher gestational weight gain and may

encounter adverse maternal and neonatal outcomes. Because of

the scarcity of the scientific publications related to the DPs of

pregnant females living in the Mediterranean region, the aim

of this research was primarily to identify the DPs of Lebanese

pregnant females, and secondly to examine their associations

with maternal factors, neonatal parameters and dietary intakes.

Methods and materials

Study design and population

This research is part of a prospective cohort conducted

from 2014 till 2018, among pregnant Lebanese women, assessing

the relationship between maternal dietary habits, inflammatory

markers, genetic polymorphisms, together with gestational and

neonatal outcomes. Healthy, non-vegan, Lebanese singleton

pregnant females, aged between 18 and 40 years old, were

recruited during their first prenatal consultation, post pregnancy

confirmation, in private clinics in different geographic districts

in the capital Beirut, in the regions of Mount Lebanon, and

in the North and South. Field work was conducted between

October 2016 and March 2018 by trained dietitians. The study

protocol was approved by the Institutional Review Board of

Saint-Joseph University (USJ) at Beirut Lebanon, the Hotel-

Dieu Hospital Ethics Committee (CE HDF624/FP49) and the

participating gynecologists. All participants gave their written

consent prior to their participation for which no financial

incentive was proposed.

Maternal and neonatal data extraction

The research team, led by dietitians, conducted face

to face interviews with the participants, to collect basic

sociodemographic data and food recalls. Anthropometric

measurements (weight and height) and age were taken from the

medical files, or measured by a digital scale and a stadiometer,

if data were unavailable. Body mass index (BMI) was calculated

as the ratio of pre-gestational weight in kilograms to the square

of height in meter. It was then categorized according to the

WHO cut-off points (underweight < 18.5, normal 18.5–24.9,

overweight 25–29.9 and obese>30) (10). The indicator of socio-

economic status was the crowding index, calculated as the ratio

of total co-residents per household, excluding newborn infants,

on the number of rooms, excluding the kitchen and bathrooms.
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A crowding index more than one suggests a household with

limited economic resources.

Throughout pregnancy, a follow-up was maintained with all

participants via face-to-face appointments during prenatal visits

or phone calls, to collect information related to maternal health

and neonatal outcomes.

Total gestational weight gain (GWG) was calculated by

deducting weight at delivery from the pre-conceptional weight

and comparing it to the values defined by the Institute of

Medicine (IOM). Neonatal characteristics of the participants

who delivered at the department of Gynecology and Obstetrics

of Hotel-Dieu de France Hospital (HDF), were obtained from

themedical charts by the research team on the day of the delivery

and classified according to WHO standards (11).

Dietary assessment

Trained dietitians filled the dietary assessment

questionnaires, composed by a validated food frequency

questionnaire (FFQ) (Supplementary Table 3) and 24-h dietary

recalls. Participants were provided pictures of real food portions

to estimate usual quantities of foods consumed. The FFQ

was filled during the prenatal visit at the beginning of the

third trimester and it included foods characteristic to the

Mediterranean eating pattern, to capture the usual intake with

more precisions. This FFQ was initially developed and validated

in a previous study (12). It was subdivided into 12 categories

of food groups: bread and cereals (12 items), rice, pasta, potato

and legumes (14 items), milk and dairy products (9 items),

fruit and fruit juices (10 items), vegetables (12 items), meat,

poultry, fish, eggs and ham (25 items), nuts and condiments

(16 items), sugar based sweets, desserts and jams (23 items),

bakery products (11 items), salty snacks (3 items), oils and

fats (9 items), and beverages (13 items). These subdivisions

ended up with a total of 157 food items. The weight in grams of

each food was multiplied by its frequency of consumption, and

divided, for example, by 7, if it was consumed just once a week.

Participants’ responses were then converted into average daily

intake, in grams.

It is worth to mention that FFQs reflect more the habitual

diet over a certain period of time, and cannot predict only

the exact composition of nutrients, since it should match with

dietary records such as recalls, which are more representative

and precise (13, 14). Therefore, in any epidemiological study,

a dietary recall should accompany the FFQ to assess the

nutritional intake. Concerning the assessment obtained from

the three 24-h dietary recalls (each at the beginning of a

trimester), participants had to recall all food items and drinks

with maximum details possible, consumed the day before, from

morning till evening. All interviews during data collection were

conducted from Tuesday till Saturday, to avoid recalling the

intake of a participant during a weekend, since people usually

modify their eating patterns at the end of the week.

Data compiled from the three 24-h dietary recalls and

from the FFQ were converted into serving sizes in grams and

frequency of consumption and analyzed by a special software

(Nutrilog 2.30), to obtainmean daily nutrients and caloric intake

estimates. Subjects with extreme values for total energy intake

(<800 Kcal/day or more than 3,500 Kcal/day) were excluded

from the study pool.

We collected detailed information on supplement use (date

of first use, time, frequency, dose and brand names), however

the contribution of micronutrients from dietary supplements to

the recall was not included in the analysis, because our focus was

mainly on nutrients provided from the daily diet.

Identification of dietary patterns

DPs are usually assessed either a priori—or index-based,

when dietary indices are used to determine the adherence to

a predefined DP, or a posteriori—data-driven, when DPs are

statistically identified depending on the reported dietary intake

of the participants (15). In this research, this latter technique

was applied.

Factorial and cluster analyses are the main techniques

applied in nutritional epidemiology to identify the DPs of a

population. The research relied on both methods: factorial

analysis, to distinguish the inter-correlations between the food

groups, and cluster analysis, to assemble the participants

into groupings based on similar frequency patterns in food

consumption (16, 17).

Twenty three food families with related nutritional

characteristics were compiled from the initial pool of the items

present in the FFQ as introduced in Supplementary Table 1.

Statistical analyses

Statistical tests were performed using the SPSS statistical

software package version 23. Sample size requirements were

calculated by applying the formula published by Tabachnick

and Fidell (18). The following took into account: the number

of independent variables related to predictable maternal factors

included in the model: N = 50 + 8 m (m representing the

number of independent variables counted in the study). Those

variables were maternal age, educational level, crowding index,

profession, pregestational BMI, GWG, smoking habits, and

multivitamin supplement intake; given that m = 8, at least 114

subjects had to be included in the present study. This formula

will assure a statistical power of 80%. Neonatal variables should

not be included in the model, since they were unpredictable and

unavailable at the time of the recruitment.
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After performing a descriptive analysis and showing mean

and standard deviation for continuous variables, as well

as frequency and percentage of multinomial variables, the

population of women was divided according to DPs. The latter

were generated according to 2 steps: in step 1, a factor analysis

of food items was conducted based on the principal component

analysis technique with Kaiser normalization after appropriate

checking of assumptions and sample adequacy, followed by

a Varimax rotation, since the factors that were output were

not correlated. In step 2, the step 1 factors were included

in a cluster analysis, by using a K-Means clustering method.

The clusters were named and used as DPs in bivariate and

multivariable analyses.

Neonatal outcomes were lacking for some participants who

did not deliver in HDF. Hence, multiple imputation method,

which is a general approach to deal with missing data, was used

for neonates’ characteristics, using the methods automatically

adapting to the missing values types in the analysis. For bivariate

analysis, we used the ANOVA to compare means of continuous

variables between the three DPs, after checking for normality

and homoscedasticity assumptions; these were followed by

a post-hoc analysis using Bonferroni correction. To compare

percentages, a Chi square test was used when calculated results

were higher or equal to five; if not so, the Fisher exact test

was used. Finally, for multivariate analysis, a MANCOVA was

conducted using a General Linear Model, with mother and

babies characteristics as continuous dependent variables, dietary

patterns as a major independent variable, and other potential

confounders for adjustment. In all cases, results were considered

significant at a p value <0.05.

Results

Maternal characteristics and birth outcomes are summarized

in Table 1. Three hundred and fifty-eight women participated

in the study, with a mean age of 30.54 ± 5.23. Almost three

quarters of women (72.1%) had a pre-gestational BMI in the

normal range (mean BMI 22.96 ± 3.76), and only 31.8%

achieved an adequate GWG, according to the recommended

norms of IOM. Sociodemographic data analysis has revealed

that almost 88% of the participants had a crowding index equal

or <1, with 60% of them employed and having achieved a

university degree (56.7%). Women having a university degree

had pregestational BMI values (p = 0.015) in the normal

range and a crowding index equal or less than 1 (p = 0.019),

respectively compared to womenwho attended only high school,

showing a statistically significant positive correlations between

pregestational BMI and educational and socio-economic levels

(data not shown).

Table 2 presents the neonatal parameters of babies born

to women who delivered full term, in the affiliated hospital

of USJ. Baby boys had significantly higher anthropometric

measurements (weight, height, head circumference) and Apgar

TABLE 1 Descriptive characteristics of the sample (N = 358†).

Characteristic Mean SD

Age (years) 30.54 5.21

Pre-gestational BMI§ (kg/m2) 22.96 3.76

N %

Age (years)

18–30 197 55

>30 161 45

Place of residence

Beirut 105 29.3

Mount Lebanon 184 51.4

South 25 7

North 20 5.6

Nabatieh 17 4.7

Baalbek 7 2

Educational level†

Primary 5 1.4

Complementary 25 7

Secondary 35 9.8

Technical 25 7

Bachelor 203 56.7

Higher education 63 17.6

Occupation

Housewife 112 31.3

Employee 216 60.3

CEO 10 2.8

Unemployed 3 0.8

Freelancer 13 3.6

Intern 2 0.6

Student 2 0.6

Crowding index‡

≤1 286 88.0

>1 39 12

Smoking

Yes 23 6.4

No 335 93.6

Pre-gestational BMI§ (kg/m2)

<18.5 19 5.3

18.5–24.99 258 72.1

≥25 81 22.6

Gestational weight gain†¶

Insufficient 62 17.3

Adequate 114 31.8

Excessive 66 18.4

Multivitamin supplement use†

Yes 168 46.9

No 184 51.4

†Missing data.
‡Calculated as the ratio of total number of co-residents on the numbers of rooms in a

household.
§Body mass index.
¶Gestational weight gain classified according to the norms of IOM (11).
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TABLE 2 Descriptive characteristics of neonatal outcomes of the

participants (N = 248†).

Characteristic Mean SD

Gestational age (days) 269.55 10.37

N %

Mode of delivery†

Vaginal 129 36

C-section 116 32.4

Sex of the child†

Female 113 31.6

Male 134 37.4

Height (cm)†

<46 cm 7 2

46–54 cm 231 64.5

>54 cm 1 0.3

Weight (kg)†

<2.5 kg 16 4.5

2.5–4 kg 228 63.7

>4 kg 4 1.1

Head circumference (cm)†

<35 cm 124 34.6

35 cm 58 16.2

>35 cm 54 15.1

Apgar score (1min)†

<7 14 3.9

≥7 229 64

Apgar score (5 mins)†

<7 4 1.1

≥7 239 66.8

†Missing data.

scores than baby girls, reflecting gender differences between

neonates. Results are shown in Supplementary Table 2.

Food categories and consumption
patterns

Principal component analysis of the 23 food groups

identified the factors of foods consumed with identical

frequencies on individual level. Kaiser-Meyer-Olken (KMO)

value was 0.754 (p value <0.001 for Bartlett’s test of Sphericity),

confirming the adequacy of the sample for the analysis. Absolute

values <0.4 were excluded from the table. All food groups are

considered to have an interpretable association with a factor.

Seven factors, with positive loadings, were derived explaining

together 53.056% of the total variance:

- Factor 1 assembled high loadings of Westernized fast food,

snacks (chocolate, candies, etc.) and desserts.

- Factor 2 was characterized mainly by fruits, vegetables

and seeds.

- Factor 3 had high loadings of rice, pasta, beverages such as

coffee and sweetened carbonated choices.

- Factor 4 presented high loadings of lean meats, poultry, fish

and plant-based protein sources.

- Factor 5 showed loadings from starchy vegetables

and healthy fatty acids (monounsaturated and

polyunsaturated lipids).

- Factor 6 was composed of refined cereals (white bread),

together with fried and caloric dense Lebanese street foods

such as falafel and shawarma, rich in trans and saturated

fatty acids, respectively.

- Factor 7 was reserved to eggs and dairy food.

All details are summarized in Table 3.

Dietary patterns’ assessment

A cluster analysis derived from the seven factors led to three

main clusters, as presented in Table 4. The nomination of each

DP was defined according to the food load of the categories

presented in Table 3.

- The first DP was characterized by high consumption of

Western-type fast food and Lebanese street foods, with

low consumption of fruits, vegetables, seeds, rice, and

pasta and was tagged as “Westernized” DP (Cluster 1 with

102 participants).

- The second DP was characterized by moderate

consumption of fruits, vegetables, beverages, rice/pasta,

and Lebanese street foods, together with a low consumption

of proteins, starchy vegetables and healthy fats and was

categorized as “Mixed” DP (Cluster 2 with 99 participants).

- The third DP composed mainly of proteins from lean

meat sources, such as poultry and fish, eggs, dairy, fruits,

vegetables, legumes and seeds associated with a low

consumption of Lebanese street foods, was entitled “Neo-

Mediterranean” DP (Cluster 3 with 145 participants). This

nomenclature was chosen since the traditional, culture-

drivenMediterranean diet pyramid stresses on high intakes

of fruits, vegetables, unrefined cereals, legumes and seeds

and fish, and moderate consumption of poultry, eggs and

dairy (19). However, the younger generation of people

living in the Mediterranean region nowadays incorporate

more often lean protein sources such as poultry, eggs and

dairy, that were consumed in less frequencies by elder

generation. This actual food trend led us to propose the

connotation of “Neo-Mediterranean.”
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TABLE 3 Factor loadings of the food groups (FG) (N = 358).

Food groups FG1 FG2 FG3 FG4 FG5 FG6 FG7

Westernized fast food 0.740

Sweets/confectionary 0.702

Lebanese pies 0.565

Pastries 0.494

Salty snacks 0.481

Fruits/fruit juices 0.681

Nuts/seeds 0.655

Vegetables (Raw/cooked) 0.531

Hot beverages 0.709

Sweetened beverages 0.660

Rice/pasta 0.610

Lean meat 0.752

Fish 0.636

Legumes 0.442

Starchy vegetables 0.715

MUFAa 0.501

PUFAb 0.414

Refined cereals 0.679

SFAc 0.628

Lebanese fast food 0.440

Eggs 0.854

Dairy products 0.550

Extraction Method: Principal Component Analysis; Rotation method: Varimax with Kaiser Normalization; Absolute values <0.4 were excluded from the table. KMO Value for sample

adequacy= 0.754 (P value for Bartlett’s test of Sphericity <0.001). Total variance explained= 53.056%. All food groups are considered to have an interpretable association with a factor.
aMUFA, monounsaturated fatty acids.
bPUFA, polyunsaturated fatty acids.
cSFA, saturated fatty acids.

TABLE 4 Dietary patterns: cluster analysis of food groups (N = 358).

DP1: Westernized DP2: Mixed DP3: Neo-Mediterranean

(N = 102) (N = 99) (N = 145)

FG1: Westernized fast food and snacks 0.513 −0.466 −0.043

FG2: Fruits, vegetables and seeds −0.409 0.394 0.019

FG3: Beverages and rice/Pasta −0.559 0.399 0.121

FG4: Proteins mainly food −0.431 −0.660 0.754

FG5: Starchy vegetables and healthy fatty acids 0.548 −0.615 0.034

FG6: Westernized Lebanese food 0.333 0.328 −0.458

FG7: Eggs and dairy food −0.013 −0.355 0.251

Method: Quick cluster analysis. Number of iterations= 21.

Correlations of dietary patterns with
maternal characteristics

Details concerning the correlations between participants’

characteristics and their dietary patterns are presented in

Table 5. Significant results were obtained for females adhering

to the “Neo-Mediterranean” DP (DP3), who were employed and

lived in an urban area (Mount Lebanon), with p values ranging

from 0.000 to 0.024 respectively. On the other hand, pregnant

women following the “Mixed” DP (DP2) had a higher pre-

gestational BMI (23.54 ± 4.17) as compared to those adopting

the two other DPs (p= 0.048).
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TABLE 5 Sociodemographic, lifestyle and environmental maternal factors and dietary patterns during pregnancy (N = 358†).

Variables DP1: Westernized DP2: Mixed DP3: Neo-Mediterranean p-value

Sociodemographic

Age (years) 29.4± 5.33 30.94± 5.41 30.81± 4.82 0.056*

Place of residence a,c

Beirut 29 (28.7) 33 (32.7) 39 (38.6) 0.024**

Mount Lebanon 40 (22.6) 54 (30.5) 83 (46.9)

South 13 (52) 5 (20) 7 (28)

North 8 (40) 3 (15) 9 (45)

Nabatieh 10 (58.8) 3 (17.6) 4 (23.5)

Baalbek 2 (33.3) 1 (16.7) 3 (50)

Educational level†

Primary 3 (60) 1 (20) 1 (20) 0.054**

Complementary 10 (41.7) 7 (29.2) 7 (29.2)

Secondary 16 (48.5) 8 (24.2) 9 (27.3)

Technical 9 (36) 4 (16) 12 (48)

University 54 (27.7) 56 (28.7) 85 (43.6)

Higher education 10 (16.1) 22 (35.5) 30 (48.4)

Occupation a,b,c

Housewife 50 (46.7) 18 (16.8) 39 (36.4) 0.000**

Employee 45 (21.5) 77 (36.8) 87 (41.6)

CEO 4 (40) 1 (10) 5 (50)

Unemployed 1 (33.3) 0 (0) 2 (66.7)

Freelancer 2 (15.4) 1 (7.7) 10 (76.9)

Intern 0 (0) 1 (50) 1 (50)

Student 0 (0) 1 (50) 1 (50)

Crowding index

≤1 78 (27.9) 79 (28.2) 123 (43.9) 0.308**

>1 24 (35.9) 20 (29.7) 22 (34.4)

Lifestyle/health behavior

Smoking

Yes 9 (40.9) 4 (18.2) 9 (40.9) 0.379**

No 93 (28.7) 95 (29.3) 136 (42)

Pre-gestational BMI (kg/m2) 23.15± 3.88 23.54± 4.17 22.38± 3.29 0.048*

Pre-gestational BMI b

<18.5 5 (27.8) 4 (22.2) 9 (50) 0.357**

18.5–24.99 71 (28.4) 68 (27.2) 111 (44.4)

≥25 26 (33.3) 27 (34.6) 25 (32.1)

Gestational weight gain
† ,¶

Insufficient 9 (15.8) 21 (36.8) 27 (47.4) 0.977**

Adequate 21 (18.6) 40 (35.4) 52 (46)

Excessive 11 (17.2) 21 (32.8) 32 (50)

Multivitamin supplement intake†

Yes 42 (25.8) 46 (28.2) 75 (46) 0.246**

No 59 (33.1) 51 (28.7) 68 (38.2)

†Missing data.

*Analysis of variance (ANOVA).

**χ2 test.
¶Gestational Weight Gain classified according to the norms of IOM (2009).

Categorical variables are presented as N (%) and continuous variables as Mean± SD.

Correlations are considered significant at p < 0.05.
aSignificant difference between DP 1 and 2.
bSignificant difference between DP 2 and 3.
cSignificant difference between DP 1 and 3.
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TABLE 6 Pregnancy related factors and dietary patterns during pregnancy (N = 358†).

Variables DP1: Westernized DP2: Mixed DP3: Neo-Mediterranean p-value

Gestational age (days) 268.20± 10.54 271.92± 6.85 267.64± 12.74 0.064*

Sex of the child

Girl 19 (17.3) 47 (42.7) 44 (40) 0.051**

Boy 25 (19.4) 36 (27.9) 68 (52.7)

Mode of delivery

Vaginal 17 (13.4%) 48 (37.8%) 62 (48.8%) 0.069**

Cesarean 27 (24.5%) 32 (29.1%) 51 (46.4%)

Height (cm)

<46 cm 1 (14.3) 1 (14.3) 5 (71.4) 0.462**

46–54 cm 40 (17.9) 80 (35.9%) 103 (46.2)

>54 cm 0 1 (100) 0

Weight (kg)

<2.5 kg 4 (25.0) 4 (25.0) 8 (50.0) 0.804**

2.5–4 kg 39 (17.7) 78 (35.5) 103 (46.8)

>4 kg 1 (25.0) 1 (25.0) 2 (50.0)

Head circumference (cm)

<35 cm 24 (20.2) 40 (33.6) 55 (46.2) 0.445**

35 cm 11 (19.3) 19 (33.3) 27 (47.4)

>35 cm 5 (9.6) 23 (44.2) 24 (46.2)

Apgar score (1min)

<7 3 (21.4) 6 (42.9) 5 (35.7) 0.710**

≥7 40 (18.1) 76 (34.4) 105 (47.5)

Apgar score (5 mins)

<7 0 2 (50.0) 2 (50.0) 0.829**

≥7 43 (18.6) 80 (34.6) 108 (46.8)

†Missing data.

*Resulted from analysis of variance (ANOVA).

**Resulted from X2 test.

Categorical variables are presented as N (%) and continuous variables as Mean± SD; Correlations are considered significant at p < 0.05.

Correlations of dietary patterns with
neonatal outcomes

Correlations between neonatal outcomes and the three

maternal DPs are summarized in Table 6. The “Mixed” DP was

associated with a higher gestational age (271.92 ± 6.85days)

and with adequate neonatal anthropometric measurements.

However, all three maternal DPs did not mediate any significant

effect on neonatal outcomes.

Correlations of dietary patterns with
nutrient intakes

As summarized in Table 7, women following the

“Westernized” DP were consuming significantly more

calories, fats, sodium, choline and selenium with p values below

0.05. On the other hand, nutrient profiles of women adherent

to the “Neo-Mediterranean” DP were significantly higher in

proteins (p = 0.043), fiber (p = 0.109), cholesterol (p = 0.015)

and vitamin A (p = 0.014), compared to those following the

“Westernized” and the “Mixed” DPs.

Multivariate analysis of maternal
outcomes

The results of multivariate analysis taking separately

maternal characteristics (GWG and pre-gestational BMI) as

dependent variables, with and without energy adjustments,

are presented in Table 8. No significant correlations were

highlighted between GWG and maternal socio-demographic

variables. However, after energy adjustment, women living in

the capital Beirut had a significantly greater GWG than those

living in rural regions (β = 0.937; p < 0.05). Besides, pre-

gestational BMI was positively associated with maternal age (β
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TABLE 7 Energy and nutrients intake of the participants across the three dietary patterns (N = 358).

DP1: Westernized DP2: Mixed DP3: Neo-Mediterranean p*

Energy (Kcal/d)a 2,168.95± 527.23 1,966.25± 554.77 2,045.55± 505.93 0.023

CHO (g/day) 272.20± 75.97 253.85± 80.03 248.78± 76.77 0.059

CHO (% EI+/d)b 50.27± 9.86 51± 6.18 48.08± 5.83 0.005

Protein (g/d)b 76.76± 21.87 73.86± 23.48 81.15± 22.71 0.043

Protein (% EI/d)a,b,c 13.99± 2.12 14.93± 2.57 15.93± 2.56 0.000

Fat (g/day)a,c 92.26± 42.58 74.88± 22.8 81.06± 19.77 0.000

Fat (% EI/d)a,b 36.53± 5.33 34.22± 5.4 35.99± 5.26 0.006

Sugar (g/d) 69.33± 24.06 166.09± 881.12 74.15± 27.6 0.247

Fiber (g/d) 17.24± 5.84 18.35± 8.75 19.29± 7.61 0.109

Cholesterol(mg/d)b 158.52± 74.68 136.32± 72.54 163.54± 73.63 0.015

Iron (mg/day) 13.72± 4.4 14.2± 17.4 13.22± 4.08 0.748

Calcium (mg/d) 732± 322.77 694.98± 279.77 745.91± 298.19 0.423

Sodium (mg/d)a,c 4,863.51± 825.35 4,565.76± 860.31 4,569.74± 798.97 0.011

Vitamin D (µg/d) 8.48± 1.87 7.95± 1.59 11.38± 34.97 0.438

Folate (µg/d) 249.16± 98.83 264.65± 113.44 313.64± 460.06 0.227

Vitamin A (µg/d)b 144.77± 81.76 117.59± 95.23 150.35± 87.47 0.014

Vitamin E (µg/d) 9.28± 3.52 17.02± 85.74 14.53± 59.86 0.643

Vitamin C (mg/d) 115.06± 65.29 113.98± 58.82 104.88± 54 0.322

Magnesium (µg/d)c 229.64± 76.69 258.02± 101.6 265.73± 104.4 0.013

Zinc (mg/d) 7.09± 2.46 7.48± 3.15 7.45± 2.65 0.512

Iodine (mg/d) 6.96± 4.9 8.66± 8.76 7.58± 6.08 0.190

Choline (mg/d)a 208.4± 76.06 169.45± 81.44 197.79± 111.7 0.011

Selenium (µg/d)a,c 56.45± 20.94 46.98± 19.58 47.63± 19.38 0.001

Copper (mg/d) 1.3± 0.45 1.37± 0.48 1.32± 0.48 0.543

*Analysis of variance One-way ANOVA and Bonferroni post-hoc testing, with a p value <0.05 considered as significant.
+EI, energy intake; CHO, carbohydrates; Values are presented as mean± SD.
aSignificant difference between DP 1 and 2.
bSignificant difference between DP 2 and 3.
cSignificant difference between DP 1 and 3.

= 0.156; p < 0.05), and inversely with the educational level (β =

−0.624; p < 0.05). These associations were conserved even after

energy adjustment.

Multivariate analysis of neonatal
outcomes

The results of multivariate analysis considering each

neonatal parameter as a dependent variable, with and without

energy adjustments and missing values replacement, are

presented in Tables 9–12. First, maternal factors were not

correlated with the neonates’ length. But, following the missing

values replacement, this parameter was negatively associated

with maternal age (β = −0.004; p < 0.05) and positively with

pre-gestational BMI (β = 0.007; p < 0.05). This association was

conserved independently of the energy adjustment.

With each one-unit increase in pre-gestational BMI,

neonate’s weight increased by 1.3% (β = 0.013; p < 0.05). In

addition, when the analysis was adjusted for energy intake,

the weight was directly associated with the maternal pre-

gestational BMI (β = 0.011) and the GWG (β = 0.060), and

inversely associated with the energy intake (β = −8.108E−5).

After missing values replacement, this neonatal outcome was

positively associated with the pre-gestational BMI (β = 0.008)

and the GWG (β = 0.058) but negatively correlated with the

maternal age (β =−0.006) and energy intake (β =−8.210E−5).

Neonates’ head circumference was inversely associated with

maternal smoking (β = −0.516), and directly associated with

maternal educational level (β = 0.213), their crowding index

(β = 0.274) and their GWG (β = 0.254); all these correlations

were significant (p< 0.05) and were conserved even after energy

adjustment. Following the missing values replacement, this

parameter remained positively associated with the professional

status, the educational level, the crowding index and the GWG,

but was lower in neonates whose mothers were smoking before

or during the pregnancy (β = −0.478). These results were

maintained after energy adjustment.
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TABLE 8 Multivariate analysis of gestational weight gain and pre-gestational BMI of participants.

With energy adjustment Without energy adjustment

Beta p-value (95% CI) Beta p-value (95% CI)

Dependent variable: gestational weight gain

Age −0.006 0.525 (−0.024, 0.012) −0.007 0.446 (−0.026, 0.012)

Education −0.035 0.510 (−0.139, 0.069) −0.014 0.794 (−0.121, 0.093)

Crowding index 0.087 0.464 (−0.147, 0.321) 0.134 0.274 (−0.106, 0.373)

DP†

1 vs. 3 (Ref) 0.003 0.980 (−0.259, 0.266) 0.003 0.981 (−0.267, 0.274)

2 vs. 3 (Ref) −0.034 0.753 (−0.247, 0.179) −0.056 0.614 (−0.276, 0.163)

Residence§

1 vs. 6 (Ref) 0.937 0.030 (0.093, 1.780) 0.832 0.060 (−0.036, 1.700)

2 vs. 6 (Ref) 0.807 0.056 (−0.022, 1.637) 0.695 0.110 (−0.158, 1.548)

3 vs. 6 (Ref) 0.915 0.060 (−0.038, 1.868) 0.775 0.120 (−0.204, 1.754)

4 vs. 6 (Ref) 0.706 0.118 (−0.180, 1.592) 0.631 0.175 (−0.282, 1.543)

5 vs. 6 (Ref) 0.641 0.233 (−0.416, 1.697) 0.441 0.424 (−0.643, 0.524)

Energy 0.000 <0.001 (0.000, 0.001) – – –

Dependent variable: pre–gestational BMI

Age 0.153 0.002 (0.059, 0.248) 0.156 0.001 (0.061, 0.250)

Education −0.588 0.032 (−1.125,−0.050) −0.624 0.023 (−1.160,−0.088)

Crowding index −0.244 0.691 (−1.452, 0.965) −0.326 0.594 (−1.531, 0.878)

DP

1 vs. 3 (Ref) 0.223 0.746 (−1.132, 1.578) 0.223 0.746 (−1.134, 1.581)

2 vs. 3 (Ref) 1.056 0.060 (−0.046, 2.158) 1.095 0.051 (−0.007, 2.197)

Residence

1 vs. 6 (Ref) 3.489 0.117 (−0.879, 7.840) 3.666 0.099 (−0.692, 8.023)

2 vs. 6 (Ref) 3.053 0.162 (−1.236, 7.342) 3.253 0.136 (−1.033, 7.538)

3 vs. 6 (Ref) 4.520 0.072 (−0.404, 9.443) 4.769 0.057 (−0.148, 9.686)

4 vs. 6 (Ref) 3.687 0.114 (−0.893, 8.267) 3.821 0.102 (−0.762, 8.405)

5 vs. 6 (Ref) 2.475 0.373 (−2.985, 7.934) 2.830 0.307 (−2.612, 8.272)

Energy −0.001 0.192 (−0.002, 0.000) – – –

†Dietary Pattern 1: Westernized, 2: Mixed, 3: Neo-Mediterranean.
§Residence 1: Beirut, 2: Mount-Lebanon, 3: South, 4: North, 5: Nabatiyeh, 6: Baalbek.

*Significant p value (<0.05) in bold.

No significant correlations were observed between the Apgar

score at 1 minute and maternal socio-demographic variables,

with or without energy adjustment. However, after missing

values replacement and energy adjustment, this variable was

higher in smoking mothers but was inversely associated with the

crowding index (β = −0.041), the GWG (β = −0.033) and the

total energy intake (β = −4.956E−5). These correlations were

sustained even without energy adjustment.

Finally, an inverse association was significantly noted

between the Apgar score at 5 mins and maternal smoking

(β = −0.072; p < 0.05) as well as with maternal age (β =

−0.005; p < 0.05) and GWG (β = −0.036; p < 0.05). These

associations were preserved after energy adjustment. In addition

to these correlations and after missing values replacement, the

Apgar score at 5 mins was higher in mothers adopting the

“Westernized” DP (β = 0.031), compared to those adopting

the “Neo-Mediterranean” one, and it was positively associated

with the pre-gestational BMI (β = 0.003), and negatively with

the crowding index (β = −0.026). These correlations were

conserved even without energy adjustment.

Discussion

The present research is the first study evaluating the

DPs of pregnant females, in a Middle-Eastern country of

the Mediterranean basin, correlated to maternal and neonatal

parameters. In our sample, three DPs were detected: the

Westernized, Mixed and Neo-Mediterranean patterns. DPs did

not have any significant impact on maternal and neonatal
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TABLE 9 Multivariate analysis of neonatal outcomes.

Variables Height Weight Head

circumference

Apgar test

(1min)

Apgar test

(5 mins)

No missing value replacement; with energy adjustment¶

Smoking Yes vs. No (Ref.) 0.02 0.015 −0.513 0.057 −0.075

(−0.092 to 0.132) (−0.148 to 0.178) (−0.993 to −0.033)* (−0.086 to 0.199) (−0.145 to −0.005)*

DP† 1 vs. 3 (Ref.) 0.003 −0.37 −0.124 −0.007 0.023

(−0.067 to 0.073) (−0.139 to 0.064) (−0.423 to 0.175) (−0.095 to 0.082) (−0.02 to 0.067)

2 vs. 3 (Ref.) 0.029 −0.38 0.056 −0.005 −0.009

(−0.028 to 0.086) (−0.121 to 0.045) (−0.189 to 0.301) (−0.078 to 0.068) (−0.045 to 0.026)

Age −0.004 −0.006 −0.006 0.000 −0.005

(−0.009 to 0.001) (−0.13 to 0.001) (−0.027 to 0.016) (−0.007 to 0.006) (−0.008 to −0.002)*

Education level 0.006 −0.004 0.213 0.002 −0.005

(−0.022 to 0.033) (−0.45 to 0.036) (0.094 to 0.332)* (−0.034 to 0.037) (−0.023 to 0.012)

Crowding index −0.011 0.009 0.275 −0.025 −0.01

(−0.071 to 0.049) (−0.079 to 0.097) (0.017 to 0.533)* (−0.102 to 0.051) (−0.048 to 0.027)

Pre-gestational BMI 0.006 0.011 0.004 −0.002 0.003

(−0.002 to 0.013) (0.000 to 0.021)* (−0.027 to 0.035) (−0.011 to 0.007) (−0.001 to 0.008)

Gestational weight gain 0.011 0.060 0.25 −0.023 −0.033

(−0.026 to 0.048) (0.006 to 0.114)* (0.091 to 0.409)* (−0.071 to 0.024) (−0.056 to −0.01)*

Energy intake (Kcal) −1.431E−5 −8.108E−5 2.011E−5 −6.263E−5 −1.740E−5

(−6.468E−5 to 3.607E−5) (0.000 to −7.548E−6)* (0.000 to 0.000) (0.000 to 1.676E−6) (−4.883E−5 to 1.404E−5)

Gestational age (days) 5.883E−5 0.000 0.000 0.000 0.000

(0.000 to 0.000) (−9.668E−5 to 0.001) (−0.001 to 0.001) (0.000 to 0.000) (−4.382E−5 to 0.000)

¶Sex of the child and delivery mode were removed from the analysis because there were not correlated with neonatal outcomes.
†Dietary Pattern 1: Westernized; 2: Mixed; 3: Neo-Mediterranean.

*Significant p value (<0.05) in bold.

outcomes, thus rejecting our hypothesis. The percentage of

variance by the three DPs was found to be 53%, higher than

the results of 31% reported by Itani et al. (20), in a study among

pregnant Emirati women.

Frequent consumption of fast food, associated with low

ingestion of fruits, vegetables, seeds and protein sources was

identified as the ”Westernized” DP. The dietary intakes of

women adherent to this profile depict higher caloric intake,

associated with a higher consumption of carbohydrates, fats and

sodium, and lower intakes of fiber, folate, vitamin E, magnesium,

and iodine. This can be explained by the frequent inclusion of

fast food (Western and Lebanese types) in their meal plan, thus

potentially contributing to energy dense choices, low in crucial

nutrients such as folate and high in lipids and salt. Our results

are comparable to those obtained by Arkkola et al. (21), where

higher intakes of calories, lipids and sugars were dominant in

pregnant women following the “Fast Food” DP.

The “Mixed” DP was based on a frequent consumption of

healthy food choices (fruits, vegetables, seeds) combined with

Westernized ones (Lebanese street foods), thus the mean dietary

intakes of those following this eating pattern showed high

loads of carbohydrates, sugars, iron, vitamin E, zinc and iodine

with low levels of cholesterol and vitamin D. The inclusion of

those food groups enhanced the overall diet quality of women

following this dietary profile. Statistical analysis identified that

those following the DP “Mixed,” were females having initially

a higher pre-gestational BMI. This issue is explained by the

fact that during pregnancy, women with higher pre-gestational

BMI become more motivated than others to adopt a healthier

lifestyle, especially regarding food patterns, to counterbalance

the negative influence of excess weight and unbalanced food

choices on gestational outcomes (22). Thus, in our sample,

those initially having higher BMI values tried to include in

their daily diets fruits, vegetables and seeds more often than

before, in addition to consuming rice, pasta and some traditional

fast-foods. In a recent publication conducted among Emirati

pregnant women, those adherent to the “Diverse” DP were older

than 30 years old and had a higher income, compared with those

following the Western DP (20). Our results confirm that mean

maternal age was the highest among those having a “Mixed”

DP. As for the socioeconomic status, it was determined by the

crowding index and no direct question was addressed to collect

data on income, because usually participants are reluctant to

share their financial status.
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TABLE 10 Multivariate analysis of neonatal outcomes.

Variables Height Weight Head circumference Apgar test (1min) Apgar test (5 mins)

No missing value replacement; without energy adjustment¶

Smoking Yes vs. no (Ref.) 0.022 0.028 −0.516 0.067 −0.072

(−0.089 to 0.134) (−0.137 to 0.192) (−0.994 to −0.038)* (−0.077 to 0.21) (−0.142 to −0.003)*

DP† 1 vs. 3 (Ref.) 0.003 −0.037 −0.124 −0.006 0.024

(−0.066 to 0.073) (−0.14 to 0.065) (−0.423 to 0.174) (−0.096 to 0.083) (−0.02 to 0.067)

2 vs. 3 (Ref.) 0.03 −0.035 0.055 −0.003 −0.009

(−0.027 to 0.087) (−0.119 to 0.049) (−0.189 to 0.299) (−0.076 to 0.071) (−0.044 to 0.27)

Age −0.004 −0.006 −0.006 −0.001 −0.005

(−0.009 to 0.001) (−0.014 to 0.001) (−0.027 to 0.016) (−0.007 to 0.006) (−0.008 to −0.002)*

Education level 0.006 −0.005 0.213 0.002 −0.005

(−0.022 to 0.033) (−0.045 to 0.036) (0.095 to 0.332)* (−0.034 to 0.037) (−0.023 to 0.012)

Crowding index −0.011 0.012 0.274 −0.023 −0.01

(−0.071 to 0.049) (−0.077 to 0.1) (0.017 to 0.532)* (−0.1 to 0.054) (−0.047 to 0.028)

Pre-gestational BMI 0.006 0.013 0.003 0.000 0.004

(−0.001 to 0.013) (0.003 to 0.024)* (−0.027 to 0.033) (−0.009 to 0.009) (0.000 to 0.008)

Gestational weight gain 0.009 0.044 0.254 −0.035 −0.036

(−0.027 to 0.044) (−0.009 to 0.097) (0.1 to 0.407)* (−0.081 to 0.011) (−0.059 to −0.014)*

Gestational age (days) 4.192E−5 0.000 0.000 0.000 8.154E−5

(0.000 to 0.000) (0.000 to 0.000) (−0.001 to 0.001) (−0.001 to 7.301E−5) (−5.963E−5 to 0.000)

¶Sex of the child and delivery mode were removed from the analysis because there were not correlated with neonatal outcomes.
†Dietary Pattern 1: Westernized; 2: Mixed; 3: Neo-Mediterranean.

*Significant p value (<0.05) in bold.

On the other hand, the majority of our participants were

adherent to the “Neo-Mediterranean” DP, represented mostly

by protein based choices, similar to the “High protein” DP

described by Grieger et al. (23). It was characterized by high

loads of proteins, fibers, cholesterol, calcium, vitamins A and

D, folate and magnesium, due to the fact of frequent intakes of

eggs, milk and dairy products, and lean meat choices. Women

following this regimen had a higher educational level and

initially a lower pre-gestational BMI, as compared to the other

subgroups of the sample. Living in urban areas and being

employed were some maternal factors significantly correlated to

this particular DP. Our results join the ones of Arkkola et al. (21),

where educated, older, employed and having a higher income

pregnant women had a “Healthy” DP, compared to other groups.

Starting pregnancy with an excess body weight and GWG

influences directly maternal and neonatal outcomes (24). In this

sample, a BMI higher than 25 kg/m2 was positively associated

with maternal age and inversely with the educational level.

In a large US cohort, pregnant women with initially excess

body weight were mostly adherent to “Westernized” DP (25),

unlike our results where those following the “Mixed” and

“Neo-Mediterranean” DPs had respectively the highest and

the lowest pre-gestational BMI. The reason behind is the low

incidence of underweight, overweight and obesity in the sample,

with only 18% of participants having a BMI higher than 25

kg/m2. As for GWG, the results of Rohatgi et al. (26) reported

significant links between maternal age and the adoption of

“Westernized” diets with weight gain. Unlike our results, where

no significant associations were observed, probably because the

majority of our participants respected the recommendations,

and few gained below or above the norms. In addition, weight

gain was directly correlated with energy intake, thus eating more

was responsible for putting on more weight. No significant

associations were observed between the DPs, maternal weight

gain and pre-gestational BMI in our sample. The cause may be

the dispersion of both nutritious and energy dense foods among

the “Westernized” and the “Mixed” DPs, which decreased the

force of this association.

Fetal nicotine exposure impairs oxygen availability and

normal placental nutrient transfer; this may decrease birth

weight by 150–200 gm, contribute to intrauterine growth

retardation, prematurity and small-for-gestational age infants,

compared to not exposed neonates (27). In our research,

smoking was among the maternal factors leading to adverse

neonatal outcomes reflected on head circumference and Apgar

score at 5 mins, but not on birth weight.

Concerning neonatal outcomes, in a recent review,

Raghavan et al. (28) concluded that “Healthy” DPs (higher

in fruits, vegetables, whole grains, legumes, nuts and seeds)

during pregnancy were associated with a lower risk of preterm
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TABLE 11 Multivariate analysis of neonatal outcomes.

Variables Height Weight Head circumference Apgar test (1min) Apgar test (5 mins)

Missing value replacement; with energy adjustment¶

Smoking Yes vs. No (Ref.) 0.001 0.047 −0.478 0.068 −0.055

(−0.051 to 0.054) (−0.019 to 0.113) (−0.662 to −0.293)* (0.013 to 0.123)* (−0.088 to −0.022)*

DP† 1 vs. 3 (Ref.) 0.002 −0.03 −0.085 −0.001 0.031

(−0.031 to 0.034) (−0.071 to 0.011) (−0.2 to 0.029) (−0.036 to 0.033) (0.01 to 0.051)*

2 vs. 3 (Ref.) 0.02 −0.02 0.022 −0.013 −0.013

(−0.008 to 0.047) (−0.055 to 0.014) (−0.074 to 0.118) (−0.042 to 0.016) (−0.03 to 0.004)

Age −0.004 −0.006 −0.007 −0.001 −0.005

(−0.006– −0.002)* (−0.009 – −0.003)* (−0.015 to 0.002) (−0.004 to 0.001) (−0.006 to −0.003)*

Education level 0.002 0.01 0.196 0.000 −0.002

(−0.012 to 0.015) (−0.006 to 0.027) (0.149 to 0.242)* (−0.014 to 0.014) (−0.011 to 0.006)

Crowding index −0.003 −0.006 0.29 −0.041 −0.026

(−0.032 to 0.026) (−0.042 to 0.031) (0.188 to 0.391)* (−0.072 to −0.011)* (−0.044 to −0.008)*

Pre-gestational BMI 0.007 0.008 0.006 −0.001 0.003

(0.004 to 0.011)* (0.003 to 0.012)* (−0.006 to 0.018) (−0.005 to 0.002) (0.001 to 0.005)*

Gestational weight

gain

0.012 0.058 0.245 −0.033 −0.04

(−0.006 to 0.03) (0.035 to 0.08)* (0.183 to 0.308)* (−0.051 to −0.014)* (−0.052 to −0.029)*

Energy (Kcal) −1.246E−5 −8.210E−5 3.933E−5 −4.956E−5 −7.726E−6

(−3.621E−5–1.128E−5) (0.00– −5.225E−5)* (−4.40E−5 to 0.000) (−7.453E−5 to −2.458E−5)* (−2.259E−5 to 7.136E−6)

Gestational age

(days)

3.663E−5 0.000 0.000 0.000 0.000

(−7.48E−5 to 0.00) (0.000 to 0.000)* (0.000 to 0.001) (0.000 to −7.69E−6)* (5.177E−5 to 0.000)*

¶ Sex of the child and delivery mode were removed from the analysis because they were not correlated with neonatal outcomes.
†Dietary Pattern 1: Westernized; 2: Mixed; 3: Neo-Mediterranean.

*Significant p value (<0.05) in bold.

deliveries, but no clear conclusion was made with regards to

the impact of any DP, before or during pregnancy, on birth

outcomes. In our research, no significant differences were

detected pertaining to gestational age and the three DPs,

unlike the results of Martin et al. (29) that revealed that the

risk of preterm delivery was greater in those having a poor

diet quality. Besides, according to Grieger et al. (23), a “High

protein” DP reduced the risk premature birth in a sample of

Australian women.

Hu et al. identified that adherence to a “Fast Food” DP, rich

in fat and sugar by pregnant females, induced adverse postnatal

outcomes in offspring, leading to a rapid weight gain during

childhood (30). On the other hand, Japanese women in the

lowest nutritional adequacy pattern (Wheat products) gave birth

to offsprings with significantly lower birth weight and head

circumference, unlike those following the “Meat and egg” and

“Rice, fish and vegetables” patterns (31). In a Danish prospective

study, women in the “Health conscious” profile had lower risk

of small birth weight than those in the “Western diet” cluster

(32). In contrast, neither the adherence to a “Mediterranean”

DP (33), nor the “Mixed” DP had an impact on fetal growth

and birth outcomes (34). According to other studies in the

field, higher intake of fruits, vegetables and lean protein sources

reduces the risk of negative birth outcomes (31, 32, 35). In

the present research, no significant associations were mediated

between neonatal outcomes and the three DPs, similar to the

study of Xie et al. (36). The inconsistency of our results could

be explained by the fact that all participants had full term

deliveries, with no gestational complications and, thus, infants

were generally born at a healthy weight. In addition, no single

DP contained only fruits, vegetables and lean proteins in our

analyses, because they were dispersed between the “Mixed” and

the “Neo-Mediterranean” classes.

Furthermore, after adjusting for potential confounders, the

inclusion of maternal factors in the multivariate models did not

change their associations with offspring’s outcomes. The reason

behind may be due to the distribution of pre-gestational BMI

and GWG in the acceptable norms.

Our neonatal outcomes were not significantly correlated

with any of the studied DPs, similar to the results of Colon-

Ramos et al. (34) and of Saunders et al. (33). Unlike our

results, in a recent publication, women adopting “Westernized”
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TABLE 12 Multivariate analysis of neonatal outcomes.

Variables Height Weight Head circumference Apgar test 1 min Apgar test 5 mins

Missing value replacement; without energy adjustment¶

Smoking Yes vs. no (Ref.) 0.003 0.057 −0.482 0.074 −0.054

(−0.049 to 0.055) (−0.01 to 0.124) (−0.666 – −0.299)* (0.019 to 0.129)* (−0.087 to −0.021)*

DP† 1 vs. 3 (Ref.) 0.001 −0.032 −0.084 −0.003 0.03

(−0.031 to 0.034) (−0.074 to 0.009) (−0.199 to 0.03) (−0.037 to 0.032) (0.01 to 0.051)*

2 vs. 3 (Ref.) 0.02 −0.016 0.02; −0.01; −0.012;

(−0.007 to 0.048) (−0.051 to 0.019) (−0.076 to 0.116) (−0.039 to 0.018) (−0.029 to 0.005)

Age −0.004; −0.006; – −0.007; −0.001; −0.005;

(−0.006 to −0.002)* (0.009 to −0.003)* (−0.015 to 0.002) (−0.003 to 0.001) (−0.006 to −0.003)*

Education level 0.002; 0.01; 0.196; −6.416E−6; −0.002;

(−0.012−0.015) (−0.007 to 0.027) (0.15 to 0.243)* (−0.014 to 0.014) (−0.011 to 0.006)

Crowding index −0.003; −0.002 0.288 −0.039 −0.026

(−0.032 to 0.026) (−0.039 to 0.034) (0.187 to 0.389)* (−0.07 to −0.009)* (−0.044 to −0.008)*

Pre-gestational BMI 0.008 0.01 0.005 −4.228E−5 0.004

(0.004 to 0.011)* (0.006 to 0.14)* (−0.007 to 0.017) (−0.004 to 0.004) (0.001 to 0.006)*

Gestational weight gain 0.01 0.043 0.252 −0.042 −0.042

(−0.007 to 0.027) (0.021 to 0.065)* (0.191 to 0.313)* (−0.06 to −0.023)* (−0.053 to −0.031)*

Gestational age (days) 2.200E−5 0.000 0.000 0.000 0.000

(−8.59E−5−0.00) (2.09E−5 to 0.00)* (0.000 to 0.001) (0.000 to −6.90E−5)* (4.492E−5 to 0.000)*

¶ Sex of the child and delivery mode were removed from the analysis because they were not correlated with neonatal outcomes.
†Dietary Pattern 1: Westernized; 2: Mixed; 3: Neo-Mediterranean.

*Significant p value (<0.05) in bold.

DPs gave birth to small-for-age infants with smaller head

circumference (37). It should be noted that among our

participants, those adopting the “Neo-Mediterranean” eating

pattern gave birth to infants with better anthropometric

outcomes, within WHO norms. This highlights the impact of

good quality food, among the multiple factors interfering with

genetic and environmental cues, on fetal development.

Even though Lebanese cuisine is reputed for its taste, variety

and having common basis with the Mediterranean diet, a major

drawback from this study is the fact that we couldn’t identify a

Mediterranean DP representing separately this healthy model,

among our sample. This underlines the ongoing nutrition

mutation affecting traditional societies, that shifts toward a

modernized cuisine and the adoption of westernized dietary

profiles with low quality nutrients. However, our finding of a

“Neo-Mediterranean” DP, composed of lean sources and mostly

from dairy products may represent the actual tendency of a

healthy move of our traditional Mediterranean pattern.

Potential limitations of this research are due to the

observed associations that don’t represent causal effects, but

are related to the nature of this observational study. In

addition, misclassification of outcomes is a limitation that

needs to be reported, since dietary intake was compiled

retrospectively. Despite the fact that a follow-up was kept

with the participating women until delivery, some did not

agree to share with the research team data related to neonatal

outcomes and this explains some missing data. However, this

drawback was corrected by using the statistical method of

value prediction. Another limitation concerns the subjective

labeling by the research team of the DPs, derived from factor

analysis, since some patterns with similar content, have an

alternative designation in other publications (38). However, the

selection of those food groupings were in accordance to other

studies published worldwide (20, 28, 39). Finally, although the

recruitment was done in different regions of the country and

the high follow-up rate until delivery, the participants were

not a representative sample of the Lebanese women, thus, the

present findings cannot be generalized, and should be conducted

on a larger scale, by applying proper sampling strategies. In

addition, no clear distinction regarding the classification of the

regions according to their urban or rural settings was taken into

consideration from the start of the study.

On the other hand, the added value of this paper is the

use of a validated FFQ, created by the main authors and filled

by well-trained dietitians. This contributed to the strengths

of the results, since tools assessing nutrient intake should be

culturally adapted. Seasonality of food selection was taken into

consideration by interviewing participants once at the beginning

of each trimester of gestation. In addition,maternal and neonatal

parameters were compiled by the research team, in order not to

end-up with irrelevant information, and dietary data collection

and nutrient analysis were performed by the same person. To
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minimize the effect of under or mis-reporting of food intakes,

analyses with and without energy adjustment were conducted to

limit measurement bias. Finally, to our knowledge, this research

is the first assessing the DP of Arab women in the Middle-East

and living in the Mediterranean basin.

Conclusion

Although DPs are culture sensitive, population specific

and help capturing the complexities of a diet (30), the three

DPs identified in the present study were not exclusively

compatible with the traditional Mediterranean dietary pattern,

as expected among those living in the Mediterranean region.

The categorized DPs in this research were in correlation with

pre-gestational BMI and other socio-demographic maternal

variables, such as age and educational level, but did not impact

infants’ birth characteristics. Future research should aim the

inclusion of a larger sample, on national level, to achieve a global

picture on the impact of maternal nutrition on gestational and

neonatal outcomes.

Nevertheless, knowing that adequate nutritional status is

vital during this critical period of life, public health policies,

under the auspices of the government, should reinforce

awareness campaigns among women in child-bearing age, in

order to optimize nutrients intakes during pregnancy, while

incorporating healthier food choices withmore ingredients from

the traditional Mediterranean cuisine.
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Doha, Qatar, 4DFK for Safe Food Environment, Hannover, Germany, 5Department of Clinical

Nutrition and Dietetics, Faculty of Applied Medical Sciences, The Hashemite University, Zarqa,

Jordan

The COVID-19 pandemic influenced the lives of university students all across

the globe. Indeed, the pandemic has impacted many aspects of their daily

routine, changing their social and health habits and food-related behaviors.

There is now no approved therapy, and vaccination is the only clinical

preventative measure that provides the highest protection against the virus.

While these vaccines have been beneficial in curbing the pandemic’s e�ect,

they may also influence food-related behaviors. Accordingly, this paper aims

to investigate the impact of vaccination availability on university students’

food shopping and consumption habits, vaccine-related opinions, and back

on-campus behaviors in Jordan. The research is based on an online survey

conducted in Jordan using a structured questionnaire and distributed through

Google Forms between January 1 and March 20, 2022. A total of 624 valid

answers were collected. The findings revealed no significant changes in

the way students consumed, shopped, and handled food compared to the

pre-vaccine period. However, there is a slight post-vaccine trend toward

shoppingmore groceries online and orderingmoremeals via delivery apps and

takeout services. Regarding health-related food choices, there was an increase

in the consumption of healthy food, water, and fruits and vegetables. Further,

following the availability of the vaccination, students’ adoption of COVID-19

food-related habits was maintained. Gender, engagement in food preparation

activities, and living status (e.g., whether or not living with parents) substantially

a�ected several food-related behaviors. The findings are expected to guide

both current emergency preparations and long-term food-related policies
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in Jordan. This information may also be helpful to researchers interested

in the e�ects of COVID-19 vaccination on student nutrition and related

food behaviors.

KEYWORDS

survey, food behavior, consumption habit, nutrition, vaccine, food safety

Introduction

During the COVID-19 pandemic, the Jordanian

government took several strict measures, including the

shutdown of higher education institutions, to minimize

the virus’s spread among university students. This included

switching classrooms to virtual learning, shutting dorms, and

sending students off-campus (Jordan Times, 2020). After the

COVID-19 vaccine became available in December 2020, Jordan

started its COVID-19 vaccination campaign on January 13,

2021. The vaccine was initially distributed to persons over

60, those with chronic diseases, and healthcare personnel.

Later, with an expanded supply of COVID-19 vaccinations,

inoculations were made available to all adult Jordanians,

including students (Al Ghad, 2021).

Consequently, starting from the fall of 2021, universities

and all other educational institutions across the country re-

opened, and in-person teaching at campuses was reinstated

(MOHE, 2021). Opening universities safely during the COVID-

19 pandemic is a challenging task that relies on various safety

policies, such as deploying preventative measures and vaccine

coverage, to welcome students and university workers back

to their campuses (Paltiel and Schwartz, 2021). Indeed, the

Jordanian Ministry of Higher Education announced that full

COVID-19 vaccination would be mandatory for all students,

faculty members, and administrators beginning January 1, 2022,

in order to reduce the spread of COVID-19 among university

students, as they are at high risk of exposure due to their

close contact with classmates and colleagues (Jordan Times,

2022).

The pandemic influenced the lives of university students all

across the globe. They were forced to alter their daily routines

and food habits when university and college campuses closed

in March 2020 (Powell et al., 2021). As a result, they are

more likely to be food insecure and eat unhealthily than the

overall population (DeBate et al., 2021). Furthermore, stress and

anxiety related to adaptation and isolation may also be caused

by online learning and a lack of social interaction. Pandemic-

related stresses, such as financial instability and disordered

eating, might cause students to gain weight and alter their diets

and food-related activities (Palmer et al., 2021). Moreover, the

pandemic impacted universities’ cafeterias and food services.

COVID-19 has also been reported to impact students’ diet

and food-related behaviors in Jordan. Osaili et al. (2021)

highlighted that Jordanian students reduced the frequency of

eating with colleagues or in restaurants during the pandemic.

Less shopping frequencies, ordering food through fast food

delivery or takeaway less often, buying groceries online more

often, and reducing the consumption of certain foods due to

concern about their safety have also been reported.

Likewise, the pandemic affected the general population’s

food-related behaviors (Ben Hassen et al., 2020). Panic buying

was seen at the beginning of the pandemic, stockpiling

food in response to the fear of running out of food or

reducing the number of shopping frequencies (Fanelli, 2021).

People’s dietary choices and habits have also been impacted.

They tended to cook more, eat and snack more, and

move toward healthy diets (Ben Hassen et al., 2020; Sidor

and Rzymski, 2020). A previous work had evaluated food

safety knowledge, attitudes and practices among university

students in Jordan and the changes in food-related behaviors

during the COVID-19 pandemic before the vaccine rollout

(Osaili et al., 2021). However, these behaviors are subjected

to change, and the remaining question is whether these

behaviors and concerns are still present after the availability

of the vaccines or not. It is suggested that people might

take this opportunity to determine the habits they want to

keep, while others might find maintaining habits challenging.

Accordingly, this paper aims to investigate the impact of

vaccination availability and receipt on university students’ food

shopping and consumption habits, vaccine-related opinions,

and on campus protective measures and food-related behavior

in Jordan.

Materials and methods

Study design

The present study is a cross-sectional survey conducted

between January 1 and March 20, 2022. The target demographic

consisted of Jordanian university students aged 18 and

above enrolled in one of the programs during the second

semester of the academic year 2021/2022. The optimal

sample size was calculated using the Yamane Statistical

Formula (Tejada and Punzalan, 2012) based on the number

of students enrolled at Jordanian universities the previous

year (N = 322,349).
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Questionnaire

Step 1: Questionnaire construction

The research was based on an online questionnaire that

was adapted from World Health Organization (WHO), and

Centers for Disease Control and Prevention (CDC) reports, as

well as previously published studies (Ben Hassen et al., 2020;

Cheikh Ismail et al., 2020; WHO, 2020a; CDC, 2022a,b). The

questionnaire was initially designed in English; however, the

final version was translated into Arabic language (the official

language in Jordan). To ensure the quality of the translation,

back-translation was carried out by two bilingual native Arabic

speakers. The questionnaire included 64multiple-choice, Likert-

scale, and close ended questions separated into four sections:

(1) socio-demographics (14 questions); (2) opinions on the

COVID-19 vaccine (nine questions); (3) food behavior and

consumption habits (29 questions); and (4) back on campus

students’ behaviors (12 questions).

Step 2: Content validity

Two food studies experts assessed the questionnaire for

content validity based on topic relevancy, clarity, simplicity,

and ambiguity. Moreover, they were asked to complete the

questionnaire and evaluate the length of the survey, the clarity

of the content, and the language and vocabulary used. The

questionnaire was then amended based on their feedback with

only few corrections reported. The time required for completing

the questionnaire was reported to be 5–10 min.

Step 3: Reliability of the questionnaire

Before the actual data collection, the questionnaire was

piloted with 30 students chosen at random from several

institutions to check content reliability and ensure that the

questions were understandable. A reliability analysis test was

performed using Cronbach’s alpha to measure the internal

consistency. Cronbach’s alpha value was 0.834, indicating a high

internal consistency level.

Data collection

The survey was conducted as an anonymous online survey

through Google Forms. The link to access the survey and a

brief explanation of the study were spread and shared over

selected social media platforms, such as Facebook and Twitter.

The link was shared by the researchers and by using the snowball

approach; participants were also encouraged to invite friends,

and colleagues to participate by sharing the online survey link.

Before participating in the study, participants had been informed

that their participation is entirely voluntary, all of their responses

will be kept confidential, and they may opt-out of the survey

at any time. The study and the protocol were approved by

Institutional Review Board (IRB) at Jordan University of Science

and Technology (ref: 22/146/2021).

Statistical analysis

The collected data was analyzed using SPSS program

version 25.0 (SPSS Inc, USA). Descriptive statistical analysis;

frequencies, percentages, means, and standard deviations were

used to summarize the continuous and categorical variables.

Kolmogorov-Smirnov test was used to test the normality of the

data. Non-parametric tests such as the Kruskal-Wallis test and

Mann-Whitney U-test were used to compare behavior changes

between the different independent variables (gender, university,

prepare or help in preparing food, and living status). Statistical

significance levels were set at P < 0.05.

Results

Socio-demographic characteristics

A total of 624 university students participated in the

study. The demographics (Table 1) indicate that 63.8% of the

respondents were female, themajority (91.0%) were single, living

with their families (87.5%), and were enrolled in bachelor’s

studies (89.7%). Further, 66.7% were studying at a public

university, and 62.0% were from non-health-related majors.

Around 75.0% were unemployed and reported helping or

preparing food. Only 12.5% have a family member engaged in

the health sector. The majority of the students were vaccinated

(93.1%). Regarding how comfortable they were about returning

to in-person classes on campus (hybrid mode), 30.3% were

very comfortable, 42.6% were somewhat comfortable, and 13.5%

were not comfortable.

Students’ opinions on the COVID-19
vaccine

Regarding students’ opinions about vaccinations, more than

a third (38.5%) indicated that the vaccine should not be

administered on an empty stomach (Table 2). More than half

of the participants (50.5 and 59.1%, respectively) stated that the

vaccination had no impact on appetite or taste. Also, 64.6% of

the respondents indicated it was unnecessary to eat or drink

differently the day or two following vaccination. Nevertheless,

29.8 and 35.7% thought it was vital to drink plenty of water

and avoid smoking after vaccination. Moreover, 74.8% of the

respondents believed that consuming anti-inflammatory foods

would boost their immunity. Further, 50.2% believed that people

with common allergies might suffer an adverse reaction to the
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TABLE 1 Socio-demographic characteristics of the study participants

(n = 624).

Character Frequency Percentage

Age

18 53 8.5%

19 85 13.6%

20 67 10.7%

21 67 10.7%

22 99 16.0%

23 65 10.4%

24 50 8.0%

25 138 22.1%

Gender

Male 226 36.2%

Female 398 63.8%

Marital status

Single 568 91.0%

Married 56 9.0%

University type

Public university 416 66.7%

Private university 208 33.3%

Level of education

BSc 560 89.7%

MSc/PhD 64 10.3%

Field of study

Health 237 38.0%

Non-health 387 62.0%

Monthly allowance

<100 JD 277 44.4%

100–300 JD 267 42.8%

>300 JD 80 12.8%

Occupation

Unemployed 472 75.6%

Part-time 76 12.2%

Full-time 76 12.2%

Living status

Alone 42 6.7%

With family 546 87.5%

With roommate 36 5.8%

Preparing/help in preparing food

Yes 474 76.0%

No 150 24.0%

Vaccinated against COVID-19

Yes 581 93.1%

No 43 6.9%

Do you have any family members engaged in the health sector?

Yes 78 12.5%

No 546 87.5%

(Continued)

TABLE 1 (Continued)

Character Frequency Percentage

How comfortable would you feel about returning to

in-person classes on campus?

Very comfortable 189 30.3%

Somewhat comfortable 266 42.6%

Not too comfortable 85 13.6%

Not at all comfortable 84 13.5%

When ordering food on campus, are you concerned about your health?

Yes 354 56.7%

No 270 43.3%

TABLE 2 Jordanian university students’ opinions on the COVID-19

vaccine (n = 624).

Percentage

Item Yes No Not sure

Do you think you should get your

vaccine on an empty stomach?

8.0% 38.5% 53.5%

Do you think the COVID-19 vaccine

may affect your appetite?

25.5% 50.5% 24.0%

Do you think the COVID-19 vaccine

may affect your sense of taste?

20.9% 59.1% 20.0%

Do we need to eat or drink differently

the day or two after getting vaccinated?

17.1% 64.6% 18.3%

Do you believe people with food

allergies might have an adverse reaction

to the COVID-19 vaccine?

50.2% 19.2% 30.6%

Do you think you should drink a lot of

water after your vaccination?

29.8% 41.3% 28.8%

Do you think you should avoid tobacco

after your vaccination?

35.7% 34.1% 30.1%

Do you believe eating anti-inflammatory

foods can boost immunity?

74.8% 13.0% 12.2%

Full vaccination against COVID-19 will

prevent you from infection while eating

outside the house without following

standard safety precautions?

28.5% 59.3% 12.2%

COVID-19 vaccination. More than half (59.3%) of respondents

stated that being completely vaccinated is insufficient to protect

them if they do not take precautions while eating outdoors

(Table 2).

Food behavior and consumption habits

Food shopping behaviors

Regarding food shopping, 70% of the participants stated

that vaccine availability had not changed the amount of
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FIGURE 1

Changes in food shopping behavior after the availability of the COVID-19 vaccine.

food purchased, buying local food, and shopping from small

supermarkets compared to pre-vaccine time, implying that

behaviors during the pandemic remained the same after vaccine

availability. More than 25% of students reported ordering

groceries online and ordering meals using delivery applications

more frequently post-vaccine. On the other hand, around 23%

have a reduced level of shopping frequency and shopped less

often in large supermarkets (Figure 1).

Kruskal Wallis and Mann Whitney U-tests showed that

some variables such as gender, university type, engagement

in preparing food, and living status significantly affected

certain food-related behaviors (Table 3). For example, there is

a significant difference between students who prepare or help

in preparing food and those who do not in terms of shopping

from large markets (p = 0.030). Students who prepare food

shopped from large supermarkets less than students who do not

prepare food.

Dietary habits

Regarding dietary habits, it was noticed that after the

availability of the COVID-19 vaccine, consumption behavior

generally had not changed compared to pre-vaccine times

(Figure 2). However, 23.6% of the respondents increased

their consumption of fruits and vegetables, 25.5 and 16.2%

increased their consumption of healthy food and healthy snacks,

respectively, and 27.6% increased their water consumption. On

the other hand, some participants reduced their consumption

of meat, fast food, unhealthy snacks, packaged frozen food, and

canned food (13.1, 25.2, 20.4, 20.2, and 23.6%, respectively).

A Mann-Whitney U-test showed a statistically significant

difference between students who prepare food or help in

preparing it and those who do not in terms of consuming

packaged frozen food (p < 0.001) and canned food (p <

0.001). Students engaged in preparing food reduced their

consumption of packaged frozen food and canned food after

vaccine availability. There is also a significant difference between

female and male students in terms of consuming unhealthy

snacks (p= 0.025) and healthy food (p < 0.05). Female students

tended to consume less unhealthy snacks and more healthy food

thanmale students during the time after vaccination. Also, living

status significantly affected some behaviors, such as consuming

healthy foods (p < 0.05), and students living with their families

have eaten more healthy food.

Food-related behaviors

Figure 3 also highlights some changes in food-related

behaviors. Less than a third (26.8%) of the participants stated

that they were eating with friends, 33.5% were eating out,
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TABLE 3 Socio-demographic e�ects on food behavior and consumption habits after the availability of the COVID-19 vaccine.

Gender University Preparing/help in

preparing food

Living status Field of study Monthly

allowance

Mann-Whitney U Kruskal Wallis

Food shopping behaviors

Buying local food (produced in your country) P = 0.426 P = 0.417 P = 0.122 P = 0.000* P = 0.714 P = 0.063

Ordering groceries online P = 0.862 P = 0.046* P= 0.458 P = 0.716 P= 0.096 P = 0.011*

Buying food in person from a large

supermarket

P = 0.117 P = 0.223 P = 0.030* P = 0.522 P = 0.991 P = 0.770

Buying food in person from a small

supermarket or grocery store

P = 0.086 P = 0.029* P = 0.538 P = 0.050 P = 0.346 P = 0.128

Having meals delivered directly to my home

from a full-service or fast food restaurant or by

a delivery application

P = 0.287 P = 0.113 P = 0.990 P = 0.650 P = 0.263 P = 0.050

Shopping frequency P = 0.046* P = 0.794 P = 0.113 P = 0.165 P = 0.802 P = 0.246

Amount of food purchased P = 0.821 P= 0.381 P = 0.050 P = 0.187 P = 0.993 P = 0.832

Eating habits

Fruits/vegetables P = 0.083 P = 0.159 P = 0.062 P = 0.002* P = 0.980 P = 0.569

Meat P = 0.177 P = 0.710 P = 0.183 P = 0.106 P = 0.379 P = 0.251

Healthy food P = 0.001* P = 0.489 P = 0.173 P = 0.006* P = 0.866 P = 0.868

Unhealthy food (Fast food) P = 0.052 P = 0.410 P = 0.002* P = 0.807 P = 0.442 P = 0.286

Water P = 0.218 P = 0.228 P = 0.143 P = 0.185 P = 0.350 P = 0.770

Candy, cookies, cakes, and pastries P = 0.945 P = 0.220 P = 0.669 P = 0.614 P = 0.381 P = 0.160

Healthy snacks P = 0.076 P = 0.370 P = 0.087 P = 0.004* P = 0.638 P = 0.152

Unhealthy snacks P = 0.025* P = 0.040* P = 0.038* P = 0.245 P = 0.023* P = 0.279

Packaged frozen foods P = 0.697 P = 0.366 P = 0.000* P = 0.676 P = 0.144 P = 0.595

Canned food P = 0.177 P = 0.052 P = 0.000* P = 0.505 P = 0.521 P = 0.199

Food-related behaviors

Eating at home alone P = 0.333 P = 0.039* P = 0.913 P = 0.154 P = 0.991 P = 0.014*

Eating with family members P = 0.076 P = 0.080 P = 0.413 P = 0.005* P = 0.218 P = 0.667

Eating with friends P = 0.033* P = 0.184 P = 0.611 P = 0.315 P = 0.578 P = 0.535

Eating out (e.g., restaurants/cafeteria/fast food) P = 0.060 P = 0.411 P = 0.005* P = 0.736 P = 0.493 P = 0.590

Eating at someone else’s place (e.g., family,

friends)

P = 0.122 P = 0.190 P = 0.431 P = 0.867 P = 0.735 P = 0.939

Ordering take-away or fast food meals with

deliveries

P = 0.394 P = 0.014* P = 0.353 P = 0.967 P = 0.579 P = 0.065

Cooking and preparing food P = 0.007* P = 0.198 P = 0.013* P = 0.001* P = 0.463 P = 0.767

Spending a lot of time cooking P = 0.676 P = 0.454 P = 0.686 P = 0.656 P = 0.654 P = 0.834

Making easy meals (e.g., instant foods, frozen

foods, etc.)

P = 0.097 P = 0.581 P = 0.253 P = 0.129 P = 0.632 P = 0.415

Eating between meals (e.g., snacks) P = 0.679 P = 0.286 P = 0.627 P = 0.031* P = 0.599 P = 0.784

Food wastage P = 0.614 P = 0.850 P = 0.190 P = 0.132 P = 0.719 P = 0.952

Stocking up food and beverages P = 0.051 P = 0.025* P = 0.419 P = 0.011* P = 0.003* P = 0.418

*Significance level at P < 0.05.

and 26.3% were eating at someone’s else place with a reduced

frequency than before the availability of the vaccine. Conversely,

17.5% stated that they were eating with family more often

after the vaccination. Additionally, 21.5% of the respondents

ordered takeaway or delivered fast food meals more than in the

pre-vaccine times. Whereas, 18.3 and 11.4% cooked/prepared

food more often and were spending a lot of time cooking,

respectively. Regarding food wastage and stocking up food
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FIGURE 2

Changes in dietary habits after the availability of the COVID-19 vaccine.

and beverages, 21.3% decreased their food wastage, and 12.0%

reduced food stocking.

There is a significant difference between students who

prepare food and those who do not in terms of eating out (p =

0.005). Those who prepare their food or help in preparing food

tended to eat out in restaurants and cafeterias less than students

who do not engage in preparing food after the vaccine.

On campus protective measures and
food-related behaviors

Although more than half (56.7%) were concerned about

ordering food on campus (as mentioned in Table 1), 58.7%

purchased meals from on-campus restaurants, while 42.3%

brought food from home. Those who do not dine on campus

were asked to indicate the reasons; almost one-third (31.9%) said

they did not have enough time, 16.5% were concerned about

becoming poisoned, and 13.6% were concerned about becoming

infected with COVID-19.

After returning to on-campus learning, students’ behaviors

were explored using a five-point Likert scale (always, usually,

sometimes, rarely, never). About a third (34.5%) of students

always carried alcohol-based hand sanitizer, 26.6% always

washed their hands frequently with water and soup, and 59.3

and 25.4% never shared water bottles and cigarettes with

friends, respectively. After the vaccine availability, only 18.6%

continually followed social distancing and avoided gatherings,

and 22.1% all the time wore face masks when sitting with

friends. Additionally, 30.8% of respondents always followed the

protective measures for using elevators on campus (Table 4).

Discussion

The results revealed some favorable attitudes, nonetheless,

incorrect perceptions regarding the vaccines and their

effects after administration were observed among students.

Furthermore, some students reported changes in their food

shopping and consumption after COVID-19 vaccination,

although certain behaviors remained unchanged relative to

pre-vaccination times. The finding is consistent with broad

literature on the food shopping and consumption behavior

during pandemics (Ben Hassen et al., 2020; Cheikh Ismail et al.,

2020; Sidor and Rzymski, 2020; Fanelli, 2021) and extends

research into the back on campus behaviors after 2 years closure

of universities.

After the first section of the questionnaire which was related

to sociodemographic characteristics, the second section of the
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FIGURE 3

Changes in food-related behaviors after the availability of the COVID-19 vaccine.

questionnaire was concerning measures related to consumption

that need to be taken prior to and after the vaccination. One

study reported side effects which may affect consumption like

loss of taste and decreased appetite after receiving the first dose

of the COVID-19 vaccine (1.5 and 9.4%, respectively) (Omeish

et al., 2022). In this study, half of the participants believed that

COVID-19 vaccines did not affect taste or appetite. Moreover,

staying hydrated after getting the vaccine is recommended

to avoid the vaccine’s stressful side effects (CDC, 2022b).

Nevertheless, only 29.8% believed that the individual should

drink much water after receiving the vaccine. Some health

experts also recommend no smoking after taking the vaccine

because exposure to cigarette smoke may impair the ability to

form memory cells essential to maintain the vaccine-induced

protective immune response (Ferrara et al., 2022). However, only

a third of participants believed that they should temporarily

stop smoking after vaccine administration. Prior to COVID-

19 vaccine administration, an assessment of the individual’s

past medical history for allergic reactions to any cause and

especially to the vaccine’s components should be performed

since there is a possibility of developing an allergic reaction to

the COVID-19 vaccine among individuals who have common

allergies to certain foods, medications, inhalants and latex

(Kounis et al., 2021). This evidence was well-believed by half

of the participants in the present study. It is important to note

that the CDC recommends vaccination even with a history of

allergic reactions unrelated to vaccines or injectable medications

(CDC, 2022a). Moreover, a high number of participants in this

study correctly believed that being fully vaccinated is not enough

when eating in public places. They believed that they could

still get infected upon viral exposure when socializing/upon

contact at food establishments despite being vaccinated. Actions

have been taken by the Jordanian government in easing of

COVID-19 measures amid high vaccination rates. However, the

WHO continues to recommend people to keep following safety

precautions, wearing masks, maintaining physical distance, and

avoiding crowded places post-vaccination (WHO, 2021).

The third section of the questionnaire was regarding the

change in consumption behavior after mass inoculations with

the COVID-19 vaccination. Multiple studies indicate that the

COVID-19 pandemic was associated with a significant shift in

people’s attitudes and behavior concerning food and health (Ben
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TABLE 4 Back on campus-level of protective behaviors.

Frequency (%) Mean* SD

Item Never Rarely Sometimes Usually Always

Carrying alcohol-based hand sanitizer

and use it when cannot wash hands

60 (9.6%) 63 (10.1%) 116 (18.6%) 170 (27.2%) 215 (34.5%) 3.67 1.301

Sharing water bottles with friends 370 (59.3%) 92 (14.7%) 72 (11.5%) 39 (6.3%) 51 (8.2%) 1.89 1.298

Sharing cigarettes with friends (n=

213)

54 (25.4%) 27 (12.7%) 52 (24.4) 33 (15.5) 47 (22.0%) 2.96 1.479

Following the guidelines for using

elevators (n= 383)

38 (9.9%) 55 (14.4%) 85 (22.2%) 87 (22.7%) 118 (30.8%) 3.50 1.324

Applying social distancing and avoid

gatherings

67 (10.7%) 76 (12.2%) 190 (30.5%) 175 (28.0%) 116 (18.6%) 3.32 1.216

Frequently washing hands with water

and soap

54 (8.7%) 84 (13.4%) 151 (24.2%) 169 (27.1%) 166 (26.6%) 3.50 1.254

Wearing face mask when sitting with

friends

100 (16.0%) 94 (15.1%) 152 (24.4%) 140 (22.4%) 138 (22.1%) 3.20 1.366

I use the toilets and/or public water

taps on campus

242 (38.8%) 134 (21.5%) 111 (17.8%) 59 (9.4%) 78 (12.5%) 2.35 1.395

I use vending machines that offer

contactless ordering and payment on

campus

173 (27.7%) 109 (17.5%) 155 (24.8%) 125 (20.0%) 62 (10.0%) 2.67 1.332

I eat covered ready to eat food (such

as packed croissant, cake) rather than

uncovered site prepared food (such

Falafel or Shawirma sandwich) on

campus

100 (16.0%) 96 (15.4%) 163 (26.1%) 148 (23.7%) 117 (18.8%) 3.14 1.329

*Scale: 5 points-Likert scale.

Hassen et al., 2020; Osaili et al., 2021). It was seen that people

increased their consumption of healthy food and reduced their

intake of unhealthy food (Ben Hassen et al., 2020). Consumers

avoided shopping in person from markets and relied on online

grocery shopping, delivery, and pick-up services (Ben Hassen

et al., 2020). However, after the availability/inoculations of the

vaccine, limited data is available about food-related behaviors.

In the current study, most students did not change their food

consumption and shopping behaviors pre and post-vaccination.

A previously published study found that participants with online

grocery shopping experience during the COVID-19 pandemic

are more likely to continue post-COVID-19 (Shen et al., 2022).

Interestingly in this study, a slight increase in online ordering

products for ready-to-eat meals/ raw ingredients was observed

after the vaccine availability. This could perhaps be related to the

convenience of online food delivery apps and an increased new

normal of contactless shopping.

With regards to food choices, a previous study among

university students in the United States reported significant and

negative changes in food choices during the pandemic, where

many students increased their consumption of ice cream and

cookies (Powell et al., 2021). In contrast, our results showed

a transition toward a healthier diet even post-vaccination. The

participants reduced the consumption of unhealthy food and

snacks, packaged frozen food, and canned food. At the same

time, they increased their intake of fruits and vegetables, healthy

food (rich in fibers and whole grains, unprocessed, low in

saturated and trans-fat. . . ) and water consumption. The current

findings reflect participant’s belief that a healthy diet would

couple up the effect of the vaccination. Moreover, the present

study results were in line with a previous study, which reported

an increased consumption of healthy and fresh food amongst its

participants (Powell et al., 2021).

Even though Jordan has a culture of enjoying food sharing

and dining out with others, Jordanian universities students

reduced eating out to less than before the pandemic and even

eat at home with friends or family members (Osaili et al., 2021).

After the COVID-19 vaccine became available, precaution

measures and restricting practices eased down leading to a slight

increase in the frequency of meeting families and friends to

jointly eat together, yet, eating in public or restaurants remained

limited due to a persistent fear as evidenced by our study.

The last section of the questionnaire was regarding on-

campus students’ behaviors related to general food safety. Food

in cafeterias and vending machines are components of the food

environment that influences students’ dietary choices (Hasan
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et al., 2021). Their use was expected to increase post vaccinations

because of their contactless form of delivery. However, this was

not the case. This could be because food present in vending

machines is considered as “too unhealthy”, as reported by many

students in a previous study (Hasan et al., 2021). On the other

hand, a comparable number of students had more trust in the

food prepared under their sight (where they can see and control

the way food is prepared for them).

Furthermore, smoking among university students in Jordan

is widespread, with a prevalence rate of 57.1% (Al-Sawalha et al.,

2021). Sharing smoking cigarettes among young adults, such as

university students, within groups of friends is not uncommon

(Liu et al., 2021). Because sharing a cigarette with an infected

colleague or friend increases the chance of COVID-19 viral

transmission, the WHO advises against sharing any smoking

or e-cigarette products during the pandemic (WHO, 2020b).

However, many students in the present study (40.7%) continued

with this practice.

One of the unintended consequences of vaccination is

reducing population adherence to protective behaviors such

as mask-wearing, hand-cleansing, and maintaining physical

distance. A national survey in the United Kingdom to assist

people’s adherence to COVID-19 measures after vaccination

observed that 50% will keep following the restricted measures

even after getting the vaccine, while 11% said they would no

longer follow the safety measures (SPI-B, 2020). However, the

results of our study showed lower levels of adherence. Less

than a third of participants continued wearing face masks

when interacting with friends, following hygiene practices,

and applying physical distancing inside the university campus.

It is worth mentioning that full vaccination for students,

faculty members, and administrators is mandatory for entering

university campuses in Jordan for the year 2022. Those

who have uncertainties regarding the COVID-19 vaccine may

be less caring about the practice of preventive measures

post-vaccination. On the other hand, overconfidence in the

vaccine’s effectiveness may decrease the likelihood of vaccinated

individuals following suggested precautionary measures due to

their belief that the vaccine would provide protection even from

COVID-19 exposure (Chandu et al., 2021).

Since the beginning of the pandemic, an increase in the

usage of several hand hygiene products, such as soaps, alcohol-

based hand sanitizers (ABHS), and disinfectant wipes, was noted

(Montero-Vilchez et al., 2022). Zhang et al. (2021) reported

that Chinese university students washed their hands an average

of 5.76 times per day during the pandemic. However, 17.1%

of them were less likely to wash their hands after being

vaccination. Moreover, only 22% of the students wore masks in

their classrooms, offices, libraries, canteens, shops, and crowded

indoor environments after vaccination. Furthermore, people

may get worried about the risk of transmission of infectious

diseases, including COVID-19 and other viral or bacterial

infections, through washrooms settings using water taps, toilets,

and touching other surfaces (Vardoulakis et al., 2022). This could

explain why more than 30% of the surveyed students in the

current study never used toilets and water taps on campus even

after the availability of the vaccines.

This study has limitations related to the sample bias due to

the use of web-based survey, however, it has become a crucial

tool during the COVID-19 pandemic and post-vaccination time,

since social distance is still needed and face-to-face surveys

are complicated and unsafe. Moreover, the responses of the

study are based on recall making it prone to bias. Another

limitation is that the use of a questionnaire may have led to

expression of students’ ideas rather than their actual behavior

(social desirability bias).

Conclusion

This study assessed the degree to which the roll-out of the

vaccination program affects students’ food consumption and

shopping behaviors. To the best of our knowledge, this is the

first study that contributes to a better understanding of the

impact of COVID-19 vaccination availability and campaigns on

students’ dietary choices, food shopping and their behavior when

living on campus. The results support that most respondents

did not change their food consumption and shopping behaviors

after the vaccine roll-out, but induced positive changes in some

students represented by their adoption of healthier diets and

reducing ready-to-eat food. Returning to university campuses

after the vaccine availability influenced the decision to continue

or quit food-related habits adopted during the pandemic. This

information may be helpful to researchers interested in the

effects of COVID-19 vaccination on student nutrition and

related food behaviors.
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