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Preface

This Reprint brings together interdisciplinary research on how the COVID-19 pandemic and

other stressful life events shaped body weight, eating behaviors, and mental health. Its purpose is

to present updated evidence on the interplay between lifestyle, stress, and health outcomes, offering

insights valuable to clinicians, researchers, educators, and public health professionals. Motivated by

the need to understand the lasting effects of global disruption, this volume aims to support future

prevention and intervention efforts across diverse populations.
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1. Introduction

The COVID-19 pandemic has been a pivotal event, reshaping many aspects of daily life
and public health across the globe. As the world grapples with the ongoing repercussions
of the pandemic, research has increasingly focused on how COVID-19 and its related
restrictions have impacted various aspects of human behavior and health. This Special
Issue includes nine significant studies exploring the pandemic’s effects on lifestyle factors,
eating behaviors, and mental health. The findings presented provide a comprehensive
view of how the pandemic has influenced public health and underscore the importance of
adopting informed strategies to address these impacts.

2. The Interplay Between Lifestyle Factors and COVID-19 Susceptibility

One critical area of research has involved understanding how lifestyle factors affect
susceptibility to COVID-19. In a study by Akbar et al. [1] data from the Qatar Biobank was
used to explore associations between lifestyle factors and COVID-19 susceptibility. This
large-scale analysis involving 10,000 participants found that certain lifestyle choices, such as
smoking status and Vitamin D supplementation, were linked to varying risks of contracting
COVID-19. Specifically, current and ex-smokers had lower odds of contracting the virus
compared to non-smokers, while Vitamin D supplementation was associated with an 18%
reduction in the likelihood of infection. Conversely, obesity and adherence to a modern
dietary pattern high in saturated fats and refined carbohydrates were positively associated
with increased COVID-19 risk. These findings highlight the potential role of lifestyle
modifications in mitigating the risk of infectious diseases, emphasizing the importance of
public health interventions that promote healthier habits.

3. Pandemic Restrictions and Behavioral Changes in Specific Populations

The pandemic’s restrictions have led to significant changes in individual behaviors,
particularly among vulnerable populations. Al-Haifi et al. [2] focused on Kuwaiti college
students, revealing that pandemic-related restrictions had notable effects on their anthropo-
metric measurements and lifestyle behaviors. The study found that physical activity levels
and dietary habits changed significantly, contributing to changes in body weight. These
findings are indicative of the impact of the pandemic on young adults and the need for
targeted interventions to promote healthy lifestyle choices in this population.

Another study in this Special Issue [3] examined the effects of confinement on individ-
uals at high risk for type 2 diabetes. Findings showed that the lockdown had a detrimental
impact on participants’ health-related habits, including reduced physical activity and per-
ceived worse diet quality. However, decreased weight and BMI were also observed, and
adherence to the Mediterranean diet was improved. This mixed outcome highlights the
complex nature of behavioral responses to confinement and suggests that while some
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individuals may adopt healthier eating patterns, others may respond in more negative
ways, negatively impacting their health.

4. The Psychological Impact of Home Confinement and Stress

In another study in this Special Issue, Aljaadi et al. [4] assessed the effects of psy-
chological stress resulting from home confinement and pandemic restrictions on health
behaviors in Saudi Arabia and found that higher stress levels were associated with irregular
eating patterns and weight gain. The study also noted that stress was linked to poorer
sleep quality and disrupted eating routines, further compounding the adverse effects of
confinement on health. Similarly, Foroughi et al. [5] conducted a 15-year follow-up study
on women in the community, revealing an increase in eating disorder symptoms during the
pandemic. The disruption of normal eating patterns, coupled with reduced social support
and exercise restrictions, contributed to an increased eating disorder symptomatology.
These studies emphasize the importance of addressing mental health and stress-related
factors to mitigate their impact on eating behaviors and overall well-being.

5. Social Interactions and Eating Disorders

In another study featured in this Special Issue, Meneguzzo et al. [6] investigated how
virtual social inclusion or ostracism affected emotions and eating psychopathology in
patients with various eating disorders. Their study revealed that social exclusion negatively
impacted psychological well-being in patients with anorexia nervosa. In contrast, those
with bulimia nervosa experienced more negative effects from overinclusion. Patients with
binge-eating disorder showed a reduction in specific negative emotions after overinclusion.
These findings highlight the complex interplay between social dynamics and eating disor-
ders, suggesting that both social inclusion and exclusion can significantly influence eating
behaviors and emotional states.

6. The Impact of Chronic Stress on Childhood Obesity

In another study in this Special Issue, Piatkowska-Chmiel et al. [7] explored how
chronic stress related to COVID-19 affected eating behaviors and obesity risk in children and
adolescents. Their study found that chronic stress contributed to unhealthy eating patterns,
weight gain, and disrupted hormonal balance, including reduced leptin and increased
ghrelin levels. These hormonal changes, along with stress-induced behavioral changes,
were linked to increased hunger and uncontrolled snacking. The study emphasizes the
multifaceted nature of stress-related obesity and underscores the need for comprehensive
preventive and intervention strategies to address these issues in children and adolescents.

7. Public Interest in Energy Labeling and Dietary Choices

Another aspect of pandemic-related behavioral change addressed by this Special
Issue is the public’s interest in energy labeling on restaurant menus. Alkhaldy et al. [8]
examined how the COVID-19 pandemic influenced interest in energy labeling and its
impact on food choices. The study found that while there was some awareness of energy
labeling during the pandemic, the level of interest did not significantly change compared
to pre-pandemic times. This suggests that public engagement with energy labeling remains
relatively low despite the increased focus on health. The findings point to a potential area
for improvement in public health strategies, particularly in enhancing consumer education
and engagement with nutritional information.

8. Systematic Review of Binge-Eating Disorder During the Pandemic

Lastly, Caldiroli et al. [9] conducted a systematic review to synthesize the impact of
the COVID-19 pandemic on binge-eating disorder (BED). Their review found an increase
in new BED diagnoses and in symptoms among individuals with pre-existing BED. The
study highlights the vulnerability of BED patients to pandemic-related stressors and social
isolation, suggesting a need for continued monitoring and targeted interventions. The
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review also notes the limitations of the existing literature, including the variability in study
quality and heterogeneity in pandemic phases and populations.

9. Conclusions: A Call for Holistic Public Health Approaches

The findings presented in this Special Issue offer a better understanding of the diverse
impact of the COVID-19 pandemic on lifestyle, eating behaviors, and overall health. From
the effects of lifestyle factors on COVID-19 susceptibility to the psychological and behav-
ioral changes resulting from pandemic restrictions, this Special Issue provides valuable
insights into the challenges faced by different populations. The findings highlight the
importance of adopting a holistic approach to public health that addresses both physical
and mental health, particularly in situations of prolonged stress and social disruption.

As society continues to navigate the aftermath of the pandemic, these insights will be
crucial in shaping effective public health strategies and interventions. By understanding
the complex interplay between lifestyle factors, mental health, and eating behaviors, we
can better address the needs of vulnerable populations and promote healthier behaviors in
a post-pandemic world.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Coronavirus Disease 2019 (COVID-19) manifestations range from mild to severe life-
threatening symptoms, including death. COVID-19 susceptibility has been associated with various
factors, but studies in Qatar are limited. The objective of this study was to investigate the correlation
between COVID-19 susceptibility and various sociodemographic and lifestyle factors, including
age, gender, body mass index, smoking status, education level, dietary patterns, supplement usage,
physical activity, a history of bariatric surgery, diabetes, and hypertension. We utilized logistic
regression to analyze these associations, using the data of 10,000 adult participants, aged from 18 to
79, from Qatar Biobank. In total, 10.5% (n = 1045) of the participants had COVID-19. Compared to
non-smokers, current and ex-smokers had lower odds of having COVID-19 (odds ratio [OR] = 0.55;
95% CI: 0.44–0.68 and OR = 0.70; 95% CI: 0.57–0.86, respectively). Vitamin D supplement use was
associated with an 18% reduction in the likelihood of contracting COVID-19 (OR = 0.82; 95% CI:
0.69–0.97). Obesity (BMI ≥ 30 kg/m2), a history of bariatric surgery, and higher adherence to the
modern dietary pattern—characterized by the consumption of foods high in saturated fat and refined
carbohydrates—were positively associated with COVID-19. Our findings indicate that adopting a
healthy lifestyle may be helpful in the prevention of COVID-19 infection.

Keywords: COVID-19; smoking; vitamin D; obesity; bariatric surgery; dietary patterns

1. Introduction

Coronavirus Disease 2019 (COVID-19), caused by Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), first emerged in late 2019 and was declared a global pandemic
in March 2020. As of early November 2023, the World Health Organization (WHO) had
recorded 771 million confirmed COVID-19 cases and over 6.97 million deaths worldwide [1].
COVID-19 exhibits a significant range of variations in its presentation among individuals
affected by the virus. Some may remain asymptomatic throughout the course of infection,
while others have symptoms that range from a mild upper respiratory tract infection to
life-threatening pneumonia [2]. Those with a poor disease prognosis often suffer from
Acute Respiratory Distress Syndrome (ARDS) or immune-mediated lung injury, which
can be fatal [3]. COVID-19 disease severity may be attributed to immune dysregulation,
leading to differences in immune response, stemming from but not limited to the risk

Nutrients 2024, 16, 1037. https://doi.org/10.3390/nu16071037 https://www.mdpi.com/journal/nutrients4
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factors of older age and comorbidities [4]. While anti-viral therapies and vaccines provide
some protection against disease severity, emerging research suggests that lifestyle factors,
such as dietary patterns and the use of dietary supplements, may play a role in mitigating
disease severity through their anti-inflammatory and immune-modulating properties [5,6].

Numerous studies have demonstrated the association of sociodemographic and be-
havioral covariates with a higher risk of the acquisition of COVID-19 infection [7–9].
Age, gender, ethnicity, education, socioeconomic status, chronic diseases (e.g., hyperten-
sion, obesity, and diabetes), dietary patterns, and supplements have been associated with
COVID-19 [10–12]. Among dietary supplements, vitamin D is the most extensively re-
searched, where numerous studies have examined the association between vitamin D
status and COVID-19 outcomes [6]. Associations of comorbid medical conditions with the
acquisition of SARS-CoV-2 infection are less defined. However, diabetes and obesity are
more robustly associated with SARS-CoV-2 infection [7,13–16].

The persistent and widespread effects of the COVID-19 pandemic, coupled with the
emergence of new variants of the virus, emphasize the importance of further exploring
the numerous factors that influence COVID-19 susceptibility and outcomes, especially in
the Qatari population, which is plagued with a high burden of obesity and prevalence
of bariatric surgery. Globally, Qatar holds the highest rate of bariatric surgery, with a
prevalence as high as 12% [17].

Previous research has not explored the connections between lifestyle, sociodemo-
graphic factors, including a history of bariatric surgery, and susceptibility to COVID-19
in Qatar. This study aims to evaluate the relationship between COVID-19 and various
lifestyle and demographic factors among adults, utilizing data from the Qatar Biobank
(QBB). Additionally, we investigated whether a history of bariatric surgery is associated
with COVID-19.

2. Materials and Methods

2.1. Design of Study and Sample Collection

This retrospective cross-sectional study analyzed the data of 10,000 participants in
the QBB study. QBB is an ongoing population-based prospective cohort registry, which
was established in 2012 by the Qatar Foundation and the Supreme Council of Health in
collaboration with Hamad Medical Corporation (HMC). QBB aims to collect extensive
biological, clinical, and lifestyle information on 60,000 men and women [18].

QBB participant recruitment takes place through the internet, social media, or family
and friends. Upon recruitment, the participants are invited for a health examination at the
QBB facility at HMC. The examination involves a self-administered questionnaire and a
nurse interview. Sociodemographic data, lifestyle factors, and dietary habits are collected
through questionnaires. In addition, interviews conducted by trained research nurses
collect information on medical history, family history of disease, and use of medications.
The participants undergo physical assessments, including anthropometric measurements
such as weight and height via a Seca stadiometer, body composition, along with assessments
of heart and lung function, blood pressure, grip strength, a treadmill walking test, and a
retinal eye test. Saliva, urine, and 60 mL blood samples are also collected and analyzed for
a total of 66 biomarkers at HMC [18].

In this study, 10,000 men and women, between the ages of 18 and 79 years, were
randomly selected from 20,328 participants recruited by the QBB study. The inclusion
criteria were participants > 18 years old and the availability of complete information
on the exposure and outcome variables. Participants < 18 years of age (n = 222) and
participants with missing data on COVID-19 and the exposure variables (n = 0) were
excluded. Those with complete information on the exposure and outcome variables were
eligible for inclusion in this study. Figure 1 shows the process of the selection of the
participants from the QBB dataset.
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Figure 1. STROBE flow chart illustrating the identification of the included QBB participants. QBB:
Qatar Biobank; qPCR: quantitative Polymerase Chain Reaction.

2.2. Outcome Variable: COVID-19 Infection

The status of COVID-19 infection was ascertained through laboratory diagnosis (posi-
tive qPCR test) at the time of infection [19].

This diagnosis was performed by QBB’s clinical staff, and the COVID-19-positive QBB
participants were included in the Qatar COVID-19 biorepository—a national initiative
designed to facilitate extensive biomedical research to address the demand for high-quality
clinical data on COVID-19 in Qatar. Patients diagnosed with COVID-19 were enrolled
during their illness period from three main public hospitals in Qatar. This recruitment took
place over a span of 7 months, from March to September 2020. QBB and the Qatar COVID-19
biorepository are linked. In fact, the QBB registry contains two types of COVID-19-positive
participants: (1) participants already recruited to the QBB study, and (2) participants who
are diagnosed with COVID-19 and have not already ben recruited to the QBB study. The
latter group was recruited to the QBB study at the time of positive COVID-19 diagnosis and
underwent the same interviews and medical assessments as the existing QBB participants.

2.3. Exposure Variables: Sociodemographic and Lifestyle Factors

Various sociodemographic and lifestyle factors were assessed, including age, gender,
education level (lower: up to secondary school, intermediate: technical or professional
school, but below university level, and higher: university graduate or higher), smoking sta-
tus (non-smokers, ex-smokers, and current smokers), and physical activity level (metabolic
equivalent of task [MET] hours/week, recoded as tertiles), which were collected using ques-
tionnaires filled through face-to-face interviews conducted at the QBB clinic by professional
nurses. Data were also obtained on history of diabetes and hypertension. Diabetes was
defined as a self-reported doctor diagnosis, HbA1c ≥ 6.5%, Random Blood Glucose (RBG)
≥ 11.1 mmol/L, or Fasting Blood Glucose (FBG) ≥ 7 mmol/L. Hypertension was defined as
a self-reported doctor diagnosis, Systolic Blood Pressure ≥ 140 mmHg, or Diastolic Blood
Pressure ≥ 90 mmHg. Body Mass Index (BMI) was assessed and categorized as normal
(18.5–24.9 kg/m2), overweight (25–29.5 kg/m2), and obese (≥30 kg/m2). The dietary
habits of the QBB participants were evaluated through a self-administered computer-based
food frequency questionnaire (FFQ), comprising 102 food items to assess the frequency
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of their consumption of various foods and beverages over the past year [18]. Although
derived from the European Prospective Investigation into Cancer and Nutrition (EPIC)
study, this particular FFQ has not undergone validation among the Qatari population.
Nonetheless, the food items in this questionnaire closely align with those of a recently
validated FFQ used in Qatar [20]. A history of bariatric surgery and dietary supplement
use (multivitamin/minerals, iron, calcium, folic acid, vitamin D, vitamin C, vitamin B, and
others) were assessed via a nurse-administered interview, while serum vitamin D levels
(ng/mL) were measured.

2.4. Statistical Analysis

Quantitative variables were described as mean ± standard deviation (SD) and quali-
tative (categorical) variables were described as frequencies (counts) and percentages. A
student t-test and Chi-square test were used to assess the differences in the continuous vari-
ables and categorical variables in terms of COVID-19 infection status, respectively. Dietary
patterns were identified using a factor analysis. The number of dietary factors to retain
was determined by Eigen values > 1, a scree plot, and the interpretability of the identified
patterns. Logistic regression was used to examine the association between the exposure
variables and COVID-19 infection. Two models were used for the primary analysis and
computation of the OR with a 95% confidence interval (CI). Model 1 was adjusted for age
and gender, and model 2 was further adjusted for education, smoking, physical activity,
BMI categories, diabetes, hypertension, and any supplement use. Associations between
COVID-19 and the consumption of various dietary supplements were also assessed by
using logistic regression across three multivariable models. Model 3 was similar to model
2, with the exception of an adjustment made for bariatric surgery, as opposed to BMI in
Model 2. Subgroup analyses were conducted, and multiplicative interactions between
gender, BMI levels, hypertension, diabetes, smoking, and serum vitamin D levels combined
with vitamin D supplement use were tested. All the analyses were conducted using STATA
software (Version 17, Stata Corporation, College Station, TX, USA) [21], and p-values < 0.05
(2-tailed) were considered to be statistically significant.

2.5. Ethical Approval

The Institutional Review Boards at QBB (Approval number: EX-2021-QF-QBB-RES-
ACC-00065-0181) and Qatar University (QU-IRB 1779-E/22) ethically approved the study.
The study sample was obtained from QBB in accordance with the principles outlined
in the Declaration of Helsinki, which is designed to safeguard the well-being of human
subjects involved in Biomedical Research [22]. QBB obtains informed consent from the
participants enrolled in the study, while maintaining anonymity and the non-disclosure of
personal identity.

3. Results

3.1. Sample Characteristics

The mean age of the participants in this study was 40.3 ± 13.1 years, and 52.2% were
females. The overall prevalence of obesity and history of bariatric surgery was 44.2%
and 12.1%, respectively. Of the included 10,000 participants, 1045 (10.5%) had COVID-19
(Table 1). A descriptive analysis showed that individuals with COVID-19 infection were
more likely to be obese, non-smokers, more physically active, and have higher scores for
modern dietary pattern. They were also more likely to have a history of bariatric surgery
(14.9%) and have reported a higher use of dietary supplements (61.1%) than those without
COVID-19. Among vitamin and mineral supplements, the most reported supplements
were multivitamin/minerals (37.4%) and vitamin D (22.6%). Supplementary Figure S1
shows the distribution of serum vitamin D in the study population, where the mean serum
vitamin D level was 19.29 (ng/mL). Totals of 16.4% and 20.3% of the participants had
hypertension and diabetes, respectively (Table 1).
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Table 1. Sample characteristics by COVID-19 infection status.

Total No Yes p-Value
N = 10,000 N = 8955 N = 1045

Age (years) 40.3 ± 13.1 40.4 ± 13.1 39.6 ± 12.7 0.083
Gender <0.001

Male 4780 (47.8%) 4351 (48.6%) 429 (41.1%)
Female 5220 (52.2%) 4604 (51.4%) 616 (58.9%)

Educational level 0.020
Low 1796 (18.0%) 1594 (17.8%) 202 (19.3%)
Medium 3040 (30.4%) 2694 (30.1%) 346 (33.1%)
High 5164 (51.6%) 4667 (52.1%) 497 (47.6%)

Smoking status <0.001
None 6468 (64.7%) 5695 (63.6%) 773 (74.0%)
Smoker 1866 (18.7%) 1735 (19.4%) 131 (12.5%)
Ex-smoker 1666 (16.7%) 1525 (17.0%) 141 (13.5%)

Leisure time physical activity
(MET hours/week) 24.9 ± 52.5 24.9 ± 51.0 24.3 ± 64.2 0.74

Modern dietary pattern score 0.0 ± 1.00 −0.01 ± 1.0 0.1 ± 1.1 0.001
Prudent dietary pattern score 0.0 ± 1.00 −0.0 ± 1.0 0.02 ± 0.9 0.45
Convenience dietary pattern
score 0.0 ± 1.00 −0.01 ± 1.0 0.1 ± 1.1 0.032

Serum vitamin D (ng/mL) 19.3 ± 11.1 19.3 ± 1.1 18.9 ± 10.9 0.22
Hypertension 1638 (16.4%) 1479 (16.5%) 159 (15.2%) 0.28
Diabetes 2026 (20.3%) 1808 (20.3%) 218 (21.0%) 0.60
History of bariatric surgery 1213 (12.1%) 1058 (11.8%) 155 (14.9%) 0.004
BMI categories 0.051

Normal 2112 (21.1%) 1905 (21.3%) 207 (19.8%)
Overweight 3462 (34.7%) 3123 (34.9%) 339 (32.4%)
Obese 4417 (44.2%) 3918 (43.8%) 499 (47.8%)

Dietary supplement use
Multivitamin/minerals 3565 (35.6%) 3174 (35.4%) 391 (37.4%) 0.21
Calcium 726 (7.3%) 649 (7.2%) 77 (7.4%) 0.89
Folic acid 316 (3.2%) 276 (3.1%) 40 (3.8%) 0.19
Iron 1366 (13.7%) 1208 (13.5%) 158 (15.1%) 0.15
Vitamin B 806 (8.1%) 728 (8.1%) 78 (7.5%) 0.45
Vitamin C 665 (6.7%) 604 (6.7%) 61 (5.8%) 0.27
Vitamin D 2402 (24.0%) 2166 (24.2%) 236 (22.6%) 0.25
Other supplements 3315 (33.1%) 2968 (33.1%) 347 (33.2%) 0.97
Any supplement use 5977 (59.8%) 5339 (59.6%) 638 (61.1%) 0.37

Data are presented as mean ± SD for continuous measures, and n (%) for categorical measures. For the dietary
patterns, the numbers represent mean dietary pattern scores ± SD with a mean factor score as zero, and an SD
of 1 after factor analysis (Supplementary Table S1). Higher dietary mean scores are present in participants with
COVID-19, and lower scores in those without COVID-19. MET: metabolic equivalent of task.

Three major dietary patterns were identified, and their factor loadings are shown in
Supplementary Table S1. Accordingly, the foods identified in each pattern were named
as modern, prudent, and convenience patterns, respectively. The three dietary patterns
explained 33.5% of the variation in food intake, which is comparable to other published
studies on dietary patterns in the region [23–25]. The modern pattern was characterized
by foods high in saturated fat and refined carbohydrates such as fast food, lasagna, mixed
dishes of chicken, meat and fish, soft drinks, biryani, desserts, ice cream, chocolate, Asian
noodles, zaatar fatayer (thyme and sesame spread on flour dough), croissants, and potatoes.
The prudent pattern had high factor loadings of cooked and raw vegetables, fruits, fish,
soups and starters, fruit juice, and nuts. The convenience pattern consisted of foods that are
ready-to-eat or require minimal preparation, such as yoghurt, cheese, cereal, milkshakes,
butter, croissants, zaatar fatayer, and many types of breads (white bread, brown bread, and
Arabic bread).
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3.2. Sociodemographic and Lifestyle Factors and COVID-19 Infection

Among the sociodemographic and lifestyle factors, a statistically significant association
of COVID-19 was found with vitamin D, smoking status, obesity, and the modern dietary
pattern (Table 2). Vitamin D supplement usage was associated with an 18% reduced
likelihood of COVID-19 (OR = 0.82; 95% CI: 0.69–0.97; p = 0.022) in the fully adjusted
model. Compared to non-smokers, current and ex-smokers had 45% and 30% lower odds
of having COVID-19, respectively (p < 0.001). Using the normal BMI category as a reference
group, participants who were obese were 20% more likely to have COVID-19 infection after
adjusting for covariates (OR = 1.20; 95% CI: 1.00–1.45; p-value = 0.049). Among the three
dietary patterns, the modern dietary pattern was positively associated with COVID-19, and
the odds increased by 9% per 1 SD increment in modern dietary pattern score (p = 0.012).
A history of bariatric surgery was also associated with 24% higher odds of COVID-19
infection (OR = 1.24; 95% CI: 1.03–1.50). No associations were found between gender,
education, physical activity, diabetes, hypertension, other dietary supplements, and other
dietary patterns with COVID-19 (Tables 2 and 3).

Table 2. Association between sociodemographic and lifestyle factors with COVID-19 infection
(n = 10,000).

Model 1 Model 2
OR [95% CI] p-Value OR [95% CI] p-Value

Vitamin D 0.81 (0.68–0.96) 0.018 0.82 (0.69–0.97) 0.022
Age (years) 0.99 (0.99–1.00) 0.050 0.99 (0.99–1.00) 0.084
Gender

Male 1.00 1.00
Female 1.03 (0.88–1.21) 0.715 1.03 (0.88–1.21) 0.704

Education
Low 1.00 1.00
Medium 0.95 (0.77–1.17) 0.641 0.94 (0.76–1.17) 0.588
High 0.86 (0.71–1.04) 0.124 0.85 (0.70–1.03) 0.096

Smoking
Non 1.00 1.00
Smoker 0.55 (0.44–0.68) <0.001 0.55 (0.44–0.68) <0.001
Ex-smoker 0.70 (0.57–0.86) <0.001 0.70 (0.57–0.86) <0.001

Leisure time PA (MET
hours/week)

T1 1.00 1.00
T2 1.02 (0.87–1.20) 0.817 1.03 (0.88–1.21) 0.737
T3 0.94 (0.79–1.11) 0.472 0.93 (0.79–1.10) 0.404

BMI level
Normal 1.00
Overweight 1.09 (0.90–1.32) 0.379
Obese 1.20 (1.00–1.45) 0.049

Diabetes
No 1.00 1.00
Yes 1.09 (0.91–1.31) 0.338 1.10 (0.92–1.32) 0.308

Hypertension
No 1.00 1.00
Yes 0.94 (0.76–1.16) 0.547 0.96 (0.78–1.18) 0.693

Modern dietary pattern 1.09 (1.02–1.16) 0.012 1.08 (1.01–1.16) 0.018
Prudent dietary pattern 1.03 (0.97–1.10) 0.344 1.03 (0.97–1.10) 0.307
Convenience dietary pattern 1.05 (0.99–1.12) 0.100 1.05 (0.99–1.12) 0.092
Any supplement use 1.12 (0.96–1.30) 0.155 1.10 (0.95–1.28) 0.205
History of bariatric surgery

No 1.00
Yes 1.24 (1.03–1.50) 0.022

All the variables in the model were mutually adjusted. BMI: body mass index; CI: confidence interval; MET:
metabolic equivalent of task; OR: odds ratio; PA: physical activity; and T: tertile.
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Table 3. Association between dietary supplement use and COVID-19 infection (n = 10,000).

Model 1 Model 2 Model 3
OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

Any supplement use 1.00 (0.87–1.14) 0.979 1.03 (0.90–1.19) 0.652 1.02 (0.89–1.18) 0.749
Multivitamin/minerals 1.07 (0.94–1.22) 0.322 1.17 (0.99–1.40) 0.067 1.16 (0.97–1.38) 0.096

Calcium 0.96 (0.75–1.22) 0.723 0.97 (0.75–1.25) 0.792 0.96 (0.75–1.24) 0.775
Folic acid 1.13 (0.80–1.59) 0.485 1.18 (0.83–1.66) 0.356 1.17 (0.82–1.65) 0.385
Iron 1.01 (0.84–1.22) 0.886 1.02 (0.84–1.24) 0.869 1.00 (0.82–1.22) 1.000

Other supplements 0.94 (0.81–1.08) 0.357 0.90 (0.76–1.06) 0.197 0.90 (0.76–1.06) 0.216
Vitamin B 0.87 (0.68–1.12) 0.281 0.89 (0.69–1.14) 0.348 0.87 (0.68–1.12) 0.288
Vitamin C 0.84 (0.64–1.10) 0.210 0.86 (0.65–1.14) 0.288 0.86 (0.65–1.13) 0.276
Vitamin D 0.85 (0.73–1.00) 0.046 0.81 (0.68–0.96) 0.018 0.82 (0.69–0.97) 0.022

Model 1 adjusted for age and gender. Model 2 further adjusted for education, smoking, physical activity, BMI,
diabetes, hypertension, dietary patterns, and any supplement use. Model 3 was adjusted for bariatric surgery
instead of BMI in Model 2. Both Models 2 and 3 adjusted for dietary patterns.

3.3. Vitamin D and COVID-19 Infection

Subgroup analyses revealed no significant interactions between vitamin D supplement
use and sociodemographic and lifestyle factors in relation to COVID-19. However, an asso-
ciation between vitamin D supplementation and COVID-19 infection was only observed
among those with high serum vitamin D levels (OR = 0.71; 95% CI: 0.53–0.95) or those who
did not have hypertension (OR = 0.83; 95% CI: 0.70–1.00) (Supplementary Table S2).

Supplementary Figure S1 presents the distribution of serum levels among the partici-
pants. The association between quartiles of serum vitamin D and COVID-19 infection is
presented in Table 4. In the fully adjusted model, the ORs (95% CI) for COVID-19 infection,
from the lowest to highest quartiles, were 1.00 (reference group), 1.19 (1.00–1.43), 1.06
(0.87–1.29), and 0.98 (0.80–1.20) (p = 0.552). We could not detect a significant trend of
association between COVID-19 infection and vitamin D serum level quartiles, ranging from
high to low serum vitamin D levels.

Table 4. Odds ratio (95% CI) for COVID-19 infection by quartiles of serum vitamin D.

Quartiles of Serum Vitamin D
Q1 Q2 Q3 Q4 p-Value

Model 1 1.00 1.19 (0.99–1.42) 1.04 (0.85–1.26) 0.94 (0.77–1.15) 0.324
Model 2 1.00 1.19 (1.00–1.43) 1.06 (0.87–1.29) 0.98 (0.80–1.20) 0.552

Model 1 adjusted for age and gender. Model 2 further adjusted for education, smoking, physical, BMI, diabetes,
hypertension, and any supplement use.

4. Discussion

In this large retrospective cross-sectional analysis of data from 10,000 QBB subjects,
we report on the associations between various sociodemographic and lifestyle factors
and COVID-19 infection. Dietary patterns were constructed using a factor analysis—a
commonly used method in epidemiological research [26]. Smoking (current and past)
and vitamin D supplement use were inversely associated with COVID-19 infection, while
subjects with obesity, a history of bariatric surgery, and higher modern dietary pattern
scores—characterized by foods high in saturated fat and refined carbohydrates (e.g., fast
food, soft drinks, and dessert)—had higher odds of COVID-19. No significant associations
were found for gender, education, physical activity, diabetes, hypertension, and other
dietary supplements or patterns.

4.1. Smoking Status and COVID-19 Susceptibility

Lower odds of COVID-19 in the current and former smokers in this sample was an
unexpected, albeit not entirely inconsistent, finding. Previous studies have also reported
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lower rates of smokers among patients diagnosed with COVID-19, compared to non-
smokers and former smokers [27–29]. The literature has explored the association between
smoking and nicotine with SARS-CoV-2 infection. While an upregulation of angiotensin-
converting enzyme 2 (ACE2) receptors, which are used by the virus for cell entry, is
linked to nicotine exposure [30,31], it is also possible that nicotine binds ACE2 receptors,
thus competing with SARS-CoV-2 binding and reducing the virus competence. In fact,
several studies have indicated potential preventive effects of nicotine and/or caffeine in
COVID-19 by blocking ACE2 receptor binding and preventing SARS-CoV-2 infection [32,
33]. Furthermore, several reports have demonstrated the binding of DNA fragments of
SARS-CoV-2 Spike protein to nicotinic acetylcholine receptors (nAChRs) [34,35]. This
observation supports the notion that COVID-19 can dysregulate the nicotinic cholinergic
system, and this dysregulation may be involved in the pathophysiology of COVID-19. In
this regard, nicotine and other nicotinic cholinergic agonists may protect nAChRs and thus
could have a beneficial role in COVID-19 patients [34,35]. Additionally, nicotine has been
reported to attenuate the cytokine storm associated with COVID-19 symptoms [34,36,37].
These observations may potentially explain the incidence of COVID-19 among non-smokers
compared to smokers in this study. Alternatively, selection bias could play a role, as
symptomatic patients, including smokers with coughs, might undergo more frequent
testing, potentially skewing the results. However, the opposite—i.e., increased odds of
COVID-19 among smokers—has also been reported in the literature, where smoking has
been associated with worse outcomes [38,39]. The contribution of smoking to COVID-19
diagnosis may, in fact, depend on the stage of COVID-19 infection, where smoking may
have a protective role at the early stages of infection and a pathogenic role at later stages.
These notions remain to be investigated in future studies.

4.2. Vitamin D Supplementation and COVID-19 Susceptibility

In this study, COVID-19 was associated with several dietary and nutritional parame-
ters among the Qatari population. Vitamin D supplementation was inversely associated
with COVID-19 infection. This is in agreement with many studies that have indicated
a protective role of vitamin D against COVID-19 acquisition. For example, vitamin D
deficiency has been linked to an increased susceptibility to COVID-19 infection and a
higher risk of severe outcomes [40]. A retrospective cohort study found that patients
supplemented with vitamin D were at a lower risk of SARS-CoV-2 infection and COVID-
19-related mortality [41]. Similarly, a double-blind, parallel randomized controlled trial
(RCT), reported that vitamin D supplementation (leading to increased vitamin D serum
levels) seemed to protect against SARS-CoV-2 infection, regardless of baseline vitamin D
status [42]. In contrast, another RCT reported that individuals with vitamin D insufficiency
at baseline who received vitamin D supplementation were not at a lower risk of acute
respiratory infections or COVID-19 [43]. In the present study, subgroup analyses showed
that vitamin D supplementation was associated with lower odds of COVID-19 in partici-
pants with higher serum vitamin D levels. However, no significant interactions between
vitamin D supplement use and sociodemographic and lifestyle factors were identified in
relation to a positive COVID-19 diagnosis. Vitamin D metabolites play a role in boosting
immune responses against respiratory viruses and bacteria [44]. The protective effect of
vitamin D against COVID-19 may be explained by the activation of the production of
antimicrobial peptides, such as cathelicidin LL-37 and human beta-defensin 2, that can bind
to SARS-CoV-2 spike protein, inhibiting its binding to host ACE2 receptors and hindering
virus infection [45–47].

4.3. Obesity and History of Bariatric Surgery and COVID-19 Susceptibility

Obesity was expectedly associated with a higher susceptibility to COVID-19 in this
study. Obesity is an independent risk factor for COVID-19 and the existing literature has
consistently illustrated that individuals with a BMI of ≥30 kg/m2 are more likely to test
positive for COVID-19, and experience worse outcomes and higher mortality rates [46].
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This is potentially due to obesity-related chronic inflammation, which impairs the immuno-
logical responses of the body and its ability to respond to infections [48]. Participants with
a history of bariatric surgery had higher odds of contracting COVID-19, although it is
worth noting that the observed predisposition to COVID-19 in this study is inconsistent
with prior research, where bariatric surgery appeared to be associated with lower mortality
rates and a reduced risk of poor outcomes [49–51]. The positive association in this study
may be partially explained by the fact that bariatric surgery may result in vitamin and
mineral deficiencies and malnutrition, which are known risk factors for various health
complications [52,53]. Bariatric surgery is also associated with hypercatabolic and immuno-
suppressive states in individuals, which may contribute to poorer clinical outcomes after
contracting SARS-CoV-2 [54,55]. Alternatively, the observed association may be due to se-
lection bias. Patients with bariatric surgery may have regular follow-ups and are therefore
more likely to be routinely tested for COVID-19 compared to surgery-free participants.

4.4. Modern Dietary Pattern

Similar to obesity and bariatric surgery, an unhealthy eating pattern was also associ-
ated with higher odds of COVID-19 in this study. A cross-sectional analysis of the impact of
dietary patterns on COVID-19 severity in Iran found a positive association of an unhealthy
diet with longer hospital stays and worse symptoms in COVID-19 patients [56]. Existing
research on the associations of COVID-19 and dietary patterns has primarily reported on
plant-based diets, which are associated with a lower COVID-19 infection risk [57] and
severity [58,59]. Studies have reported that improving the quality of nutritional intake
may reduce the impact of infectious diseases [60,61], partly through arachidonic or linoleic
acid that suppress viral replication [62]. Additionally, some B vitamins (e.g., vitamin B6,
B12, and folate), vitamins C, D, E, and A, omega-3 fatty acids and amino acids, and the
polyphenols found in plant-based foods play crucial roles in the functioning of the immune
system and the release of inflammatory mediators [11,62,63]. Unhealthy eating habits, such
as the modern eating pattern described in this study, lack these potentially protective food
elements, which may explain the observed association between modern eating habits and
increased rates of COVID-19. Moreover, consuming high-fat diets triggers the activation of
the body’s natural immune response and hinders the adaptive immune system, resulting
in a chronically inflamed state and compromised protection against viral infections [64].
Personal attitudes and beliefs seem to favor the use of vitamin D and plant-based medicinal
products in the treatment or prevention of COVID-19 [65,66], underscoring the role of
traditional foodstuffs and dietary recipes in boosting health and curbing infections.

4.5. Strengths and Limitations

To the best of our knowledge, this is the first study to assess the association between
COVID-19 and lifestyle and sociodemographic factors in Qatar. This study has some notable
strengths. Firstly, the large sample size increases the precision of estimates. Secondly,
participants were selected randomly. Owing to the detailed collection process of QBB data,
which was started before the COVID-19 pandemic, we were able to adjust for numerous
confounding factors; reverse causation is unlikely in the study. Finally, the 102-item FFQ
allowed for capturing the most commonly consumed foods in the local population.

However, due to the observational nature of this study and the secondary use of data,
no temporality or causality could be established. Additionally, the FFQ questionnaire that
was employed was qualitative and did not include portion sizes. This method of diet recall
is associated with some measurement errors, notably recall bias.

5. Conclusions

In conclusion, COVID-19 in this Qatari population was inversely associated with
smoking (current or past) and vitamin D supplementation. On the contrary, subjects with
obesity, a history of bariatric surgery, and higher scores for the modern dietary pattern were
more likely to have a positive COVID-19 diagnosis. Overall, this study contributes to the
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growing body of knowledge on COVID-19 infection and sheds light on some of the factors
possibly associated with increased rates of COVID-19, and potentially other respiratory
infections. While the associations of lifestyle and sociodemographic factors with COVID-19
are fairly supported by sound evidence, differences in COVID-19 infection rates remain
difficult to determine and prove, warranting future investigation. Further research, particu-
larly long-term prospective cohort studies, are needed to assess the temporal relationships
between potential risk or protective factors and a COVID-19 diagnosis. Additionally, the
high rates of obesity and bariatric surgery in this population, coupled with their connection
to COVID-19 infection, highlight the importance of implementing effective public health
measures to address the growing obesity epidemic.
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Abstract: During the COVID-19 pandemic, an increase in the incidence of overweight and obesity in
children was observed. It appears that unhealthy food choices, an unbalanced diet, and a sedentary
lifestyle, as well as experiencing stress related to the pandemic, may be contributing to this disturbing
trend. Chronic stress is a significant factor contributing to eating disorders and obesity in youngsters,
involving medical, molecular, and psychological elements. Individuals under chronic stress often fo-
cus on appearance and weight, leading to negative body image and disrupted relationships with food,
resulting in unhealthy eating behaviors. Chronic stress also impacts hormonal balance, reducing the
satiety hormone leptin and elevating the appetite-stimulating hormone ghrelin, fostering increased
hunger and uncontrolled snacking. Two systems, the hypothalamic–pituitary–adrenal axis and the
sympathetic system with the adrenal medulla, are activated in response to stress, causing impaired
secretion of noradrenaline and cortisol. Stress-related obesity mechanisms encompass oxidative
stress, neuroinflammation, insulin resistance, and neurohormonal and neurotransmission disorders.
Stress induces insulin resistance, elevating obesity risk by disrupting blood sugar regulation and
fat storage. Stress also affects the gut microbiome, potentially influencing chronic inflammation
and metabolic processes linked to obesity. In conclusion, chronic stress is a multifaceted risk factor
for eating disorders and obesity in children, necessitating a comprehensive understanding of effec-
tive preventive and intervention strategies amid the escalating prevalence of childhood overweight
and obesity.

Keywords: chronic stress; COVID-19 pandemic; overweight; obesity; children; adolescents; eating
behaviors

1. The Impact of Chronic Stress Related to the COVID-19 Pandemic on Eating Behaviors
and the Risk of Obesity in Childhood

The global consequences of the COVID-19 pandemic have profoundly affected the
lives and health well-being of individuals worldwide. The extensive consequences of this
unprecedented situation became visible in both the physical and psychological dimensions,
giving rise to significant risks associated with non-communicable diseases. The imple-
mentation of social distancing measures during the pandemic has triggered a cascade of
effects, including restrictions on outdoor physical activity, and alterations in eating habits
and sleep patterns. These changes have proven to be pivotal factors contributing to the
surge in cases of overweight and obesity, in adults and among children [1–4]. Growing
evidence suggests that chronic stress associated with the COVID-19 pandemic has played
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a significant role in eating habits among the general population [1–7]. Stress is one of
the important factors that can affect appetite food intake, eating patterns, and intestinal
microbiome [8,9]. Stress-induced gut dysbiosis may influence chronic inflammation and
metabolic processes that may be associated with obesity [10,11]. Furthermore, chronic
stress may affect nourishment preferences toward the consumption of energy-dense foods,
leading to the accumulation of abdominal adipose tissue and obesity [8]. A study involving
Chinese students indicated that 24.9% of them experienced anxiety arising from the onset of
COVID-19. This heightened anxiety was linked to factors such as quarantine, a lack of inter-
personal contacts, the overwhelming influx of news, and exposure to false information—all
contributing to an increased mental burden and a change in eating habits [12]. Clinical
observations indicate that individuals dealing with chronic stress often develop a fixation
on their physical appearance and weight, fostering a negative body image that disrupts
their relationship with food. This discordance can give rise to maladaptive eating behaviors,
such as emotional overeating—seeking solace in highly processed foods as a means of
escaping stress or finding comfort. The consequences of such practices may manifest in
the form of excessive calorie intake, ultimately leading to overweight and obesity. Re-
grettably, during the pandemic, there was a concerning rise in obesity, among children
and adolescents [1]. The unintentional consequence of social distancing restrictions was a
negative impact on physical activity opportunities [13,14]. A meta-analysis of 22 studies
of 14,216 children aged 3–18 years indicated that during the COVID-19 pandemic, total
engagement in physical activity in children was reduced by 20% (90% CI −34 to −4%)
compared with the pre-pandemic period [13]. This negative phenomenon was most promi-
nent in moderate-to-vigorous physical activity with a −28% change (90% CI: −41% to
−13%) [14]. Isolation and an increase in sedentary lifestyles have played a key role in the
development of excess weight among this demographic [15–18]. Moreover, it has been
noticed that after the COVID-19 outbreak, screen time among children increased [19,20].
A recent report published by the CDC demonstrated that in the pediatric population in
the United States between the pre-pandemic period and during the COVID-19 pandemic,
the rate of body mass index almost doubled from 0.052 (95% CI = 0.051–0.052) to 0.100
(95% CI = 0.098–0.101) kg/m2/month [1]. It should be also emphasized that the increase in
the rate of BMI change was particularly apparent in those children and adolescents who
experienced overweight and obesity before the pandemic [1,6].

A meta-analysis of twelve studies from eight countries also revealed a significant
association between the lockdown during the COVID-19 pandemic and gain of body weight
(MD 2.67; 95% CI 2.12–3.23; p < 0.00001) and increase in BMI (MD 0.77 kg/m2; 95% CI
0.33–1.20; p = 0.0006) in school-age children and adolescents [2]. Based on the Children’s
Hospital of Philadelphia Care Network data, it has been reported that the most significant
increase in the obesity rates during the COVID-19 pandemic was recorded in children aged
5 to 9 years and those who were Hispanic, non-Hispanic Black, publicly insured, or lower
income [5]. A recent systematic review revealed that although in most analyzed studies
there was no reported change in the number of meals per day among children during the
pandemic, there was an increase in the amount of food consumed [21]. It seems that social
isolation has contributed to a rise in the consumption of home-cooked meals, linked to an
increased intake of legumes, vegetables, and fruit, along with reduced consumption of fast
food [18,21]. However, a noticeable surge in snacking and the consumption of “comfort
food” was observed during the pandemic [18,21]. The term “comfort food” refers to a
variety of meals typically considered energy-dense, high-fat, and/or high-carbohydrate
products believed to provide emotional comfort [22]. Consuming comfort food during
the pandemic could be seen as a coping mechanism for dealing with emotional distress,
negative emotions, insecurity, and loneliness [18,21]. Furthermore, the combination of
social isolation and continuous media exposure, including television even during meals,
has been linked to an elevated consumption of fried food, sweets, and sugar-sweetened
beverages, accompanied by a decreased intake of fruits and vegetables [18]. There is a
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negative relationship between screen time and physical activity and an association between
extra screen time and unhealthy eating habits [23].

As indicated, chronic stress is a complex risk factor in the context of eating disor-
ders and obesity in children and adolescents. Understanding these multidimensional
aspects is crucial in developing effective preventive and intervention strategies, as the
increasing prevalence of overweight and obesity in children is one of the most important
challenges for health care. This review provides a comprehensive analysis of the impact of
chronic stress on obesity among children and adolescents, which has significantly increased
during the COVID-19 pandemic. This study takes into account both psychological and
biological pathomechanisms.

2. Psychological Aspects of Eating Disorders during the COVID-19 Pandemic

2.1. Mental Health, Pandemic Environment, and Eating Disorders

Stress is an element that forms the mental sphere of every human being, regardless
of age, gender, stage of mental development, or social status. It has a chronic, relatively
strong, and prolonged effect on the health and biopsychospiritual status of the individual,
although it can also have an individually positive effect. It such a case, stress is called
eustress, which generates a positive psychological response to the interacting stressors;
this effect mainly depends on personal reasoning and definition of stress and its impact on
well-being [24–27].

The perception of stress by the child and adolescent is related to many factors, various
social exposures, the transition between phases of psychomotor development, changes
in health, family, and school situations, imposed restrictions, and peer relationships. It
should be noted that, according to recent studies, a child from the age of 2 is aware
of the changes occurring in their environment. Such changes include the SARS-CoV-2
(COVID-19) virus pandemic and the associated reorganization of the environment, such as
isolation, homeschooling, restrictions on peer relationships, health problems for children
and adolescents themselves, as well as their loved ones and others, including the topics of
dying and death [28–30].

During the SARS-CoV-2 pandemic, the occurrence of disorders related to food intake
was observed in both children and adolescents. These included problems with appetite,
choice of unhealthy foods, and changing dynamics in the development of previously diag-
nosed eating disorders. Some of the main elements associated with abnormal relationships
with food are psychological and psychiatric aspects [31,32]. The pandemic period has led
to increased levels of stress, anxiety, and depression in children and adolescents, which
accompany the aforementioned problems [31–33].

Appetite disorders include a decrease, increase, or loss of the urge to take food. A
study by Paiva et al. in Brazil found a statistically significant (p < 0.001) association between
the presence of anxiety in children (related, among other things, to social isolation during a
pandemic) and the occurrence of appetite problems. The presence of anxiety in children
translated into a 3.12-fold increased risk of changes in appetite, which in the majority was
manifested by increased food intake [34]. A study conducted in Spain by Lavigne-Cerván
et al. found that more than half of the children and adolescents studied had moderate to
high levels of anxiety, which coincided with the results of a study by Jiao et al. conducted
in China that showed reduced or no appetite [35,36]. The National Child Traumatic Stress
Network’s guide to parents, published in 2020, highlighted the possibility of appetite-
related disorders in children of all ages, indicating the nature of the problem [37]. Appetite
is influenced, alongside increasing anxiety, by depressive symptoms, which are a challenge
during pandemics [38,39]. Among children and adolescents suffering from depression, the
majority show decreased or increased appetite, as well as weight disturbances [40–42].

Choosing the right food is the basis for a healthy diet. Children’s and adolescents’ di-
etary choices are influenced by parental eating habits, household habits, and the
environment [43]. During the pandemic, access to smartphones, social isolation, and
increasing stress led to the occurrence of dietary disorders. Increased intake of high-calorie
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foods, inter-meal snacking, and less frequent choice of healthy, low-calorie foods are caused
by increasing stress and prolonged screen time [44–47].

According to the Diagnostic and Statistical Manual of Mental Disorders Fifth Edition,
there are three specific eating disorders: anorexia nervosa (AN), bulimia nervosa (BN),
and binge eating disorder (BED) [48]. The number of diagnoses of these disorders among
children and adolescents increased during the COVID-19 pandemic, with AN being the
predominant one. A cross-sectional study conducted in Canada by Agostino et al. con-
firmed a significant increase in new diagnoses of AN, rapid evaluation of disease markers,
and hospitalizations for this condition [49–51]. Moreover, during the pandemic, there was
also an increase in hospitalizations due to bulimia nervosa and other eating disorders [52].

It has to be highlighted that there is a mutual relationship between obesity and eat-
ing disorders, particularly bulimia nervosa and binge eating disorder [53]. Individuals
with BED have a three to six times increased risk of obesity compared with the general
population [54]. Although patients with BN may have normal weight, the lifetime preva-
lence of obesity in this group is about 33% [55]. In a cohort of Canadian adolescents, the
prevalence of eating disorders was 9.3% in obese boys and 20.2% in obese girls compared
with 2.1% and 8.4% of normal-weight boys and girls, respectively [56].

Obesity and eating disorders share a common pathophysiology that involves biologi-
cal, environmental, behavioral, and cognitive determinants [53,57]. Possible shared genetic
susceptibility for both disorders may be associated with at-mass and obesity-associated
(FTO) gene polymorphisms [53]. Moreover, dysregulation of the hypothalamic–pituitary–
adrenal axis (HPA) and gut dysbiosis play an important role in the pathophysiology of obe-
sity and eating disorders [53]. Environmental risk factors identified for both disorders are,
among others, weight teasing, internalization of unattainable beauty ideals portrayed on
social media and television, social pressure and frequent criticism, bullying, and unhealthy
family eating patterns [53,57]. Psychological determinants that may play a significant role
in the development of obesity and eating disorders may include low self-esteem, negative
self-evaluation, and high body dissatisfaction [53]. Body dissatisfaction, compromised
interpersonal functioning, aberrant emotional regulation, and inappropriate weight control
behaviors are also common factors contributing to both disorders [53,57].

Disordered eating symptomatology was exacerbatedduring the pandemic and were
more pronounced in adolescents than in younger children. Individuals at increased risk for
developing these conditions were also observed to exhibit their exponents. These conditions
were also observed to be exhibited by individuals at an increased risk of developing them.
Circumstances that may have a role in triggering eating disorders include increasing anxiety,
social isolation, and more time spent on social media. This often resulted in disturbances
in the perception of one’s own body; excessive physical activity, fear of gaining weight,
and inappropriate food intake were often observed as a result. These circumstances not
only influenced the occurrence of eating disorder symptoms but also the motivation to
recover [32,58–60]. Family members spending more time together at home as a result of
social distancing and lockdown requirements reflected increased parental recognition of
eating disorder symptoms in children, which may have had an impact on the increase in
acute ED visits and hospital admissions. Some patients and their families linked the onset
of lockdown as a trigger for hospital admission. The overall increase in hospital admissions
for eating disorder exacerbations and prolonged stays has resulted in an increased demand
for care related to the treatment of these disorders [61–63].

Table 1 provides information on the psychological and pedagogical interventions that
are used in the treatment of eating disorders in children and adolescents.
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Table 1. Psychological and pedagogical interventions used in eating disorder treatment based
on [64–69].

Psychological and Pedagogical Interventions Used in Eating Disorder Treatment

Anorexia Nervosa Bulimia Nervosa Binge Eating Disorder References

• Family-based treatment (FBT) • Family-based treatment (FBT) • Family-based treatment (FBT)

[64–69]

• Parent-focused treatment (PFT) • Guided self-help cognitive
behavioral therapy (gshCBT)

• Guided self-help cognitive
behavioral therapy (gshCBT)

• Systemic family therapy (SyFT) • Individual supportive
psychotherapy (SPT)

• Enhanced cognitive behavioral
psychotherapy (CBT-E)

• Enhanced cognitive behavioral
psychotherapy (CBT-E)

• Cognitive behavioral therapy for
adolescents (CBT-A)

• Dialectical behavior therapy
(DBT)

• Adolescent-focused therapy (AFT) • Psychodynamic therapy (PDT) • Interpersonal psychotherapy
(IPT)

• Cognitive remediation therapy
(CRT) • Dialectical behavior therapy (DBT) • Health education groups

• Intensive multifamily therapy • Interpersonal psychotherapy (IPT)
• Create a multidisciplinary team including a pediatrician, psychiatrist, psychologist, family therapist, nurse, dietician, and

social services.
• Nutritional education for families.
• Psychoeducation in nutrition.

• Educational video materials.

2.2. Prevention of Eating Disorders

In the face of the numerous described problems associated with stress-related eating
disorders and obesity (covibesity) in a group of children and adolescents, preventive
measures to counteract the psychosocial aspects that promote the development of these
disorders become important.

The first group of recipients of the above-described measures should be the primary
support system of the child or adolescent, namely the family environment. During the
pandemic, adhering to the principles of social isolation, caregivers spent significantly more
time at home, working remotely, supervising the learning of their offspring, and fulfilling
the duties of daily life in the online system. As a result, adults became distanced from mun-
dane pleasures and, consequently, a sense of disorganization, frustration, and anger was
aroused, which was often unloaded on the child or adolescent [70–72]. Heightened emo-
tional reactions from the parent, such as excessive criticism and hostility, can consequently
lead to the child developing an eating disorder in the form of malnutrition or compulsive
overeating [72]. Eating meals as a family can be a difficult psychological experience for a
young person, and as a result, young people may restrict eating [71,72]. Available studies
describe the relationship between the qualitative support of caregivers and the risk of
eating disorders in their children [72]. In 2014, a program to support caregivers of people
with eating disorders called Peer-Led Resilience (PiLAR) was introduced in Ireland. It
was followed by an evaluation of its effects, which showed increased knowledge, skills,
and improved psychological well-being of parents, positively influencing the quality of
treatment and mental health of their children. Studies confirm the great importance of
psychoeducation, self-help, and skills training in telepsychiatry systems in developing
supportive attitudes of caregivers toward children with eating disorders and obesity [72,73].
For obesity, possible preventive actions for parents are shown in Figure 1.

Preventive actions aimed at children themselves are divided, according to the spe-
cialized literature, into two types: universal—carried out in all children regardless of the
degree of assessed risk; selective—carried out in groups of high-risk children (e.g., dancers,
athletes, and obese children) [74]. A meta-analysis and systematic review conducted by
Chua, Tam, and Shorey confirms the effectiveness of implementing eating disorder and
obesity prevention activities in school settings. These interventions are primarily aimed at
reducing the internalization of beauty ideals, and thereby increasing students’ self-esteem.
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Figure 1. Possible covibesity prevention activities dedicated to parents [70–78].

These interventions are based on psychoeducation, training in the use of social media,
and interpersonal training with an emphasis on the phenomena of teasing by peers. The
study also indicates that girls are more prone to these activities than boys, due to their
greater susceptibility to generating the cognitive illusion of a bad body image [75].

A major role in the prevention of eating disorders and obesity in the era of the COVID-
19 pandemic is played by healthcare system workers, i.e., pediatricians, family physicians,
and mental healthcare workers. Their roles and responsibilities are described in a narrative
review by Singh et al. [76]. Pediatricians and family physicians conducting a periodic
examination of a child or adolescent can recognize physical symptoms of stress and the
patient’s externalizing/internalizing emotional states. These professionals can then screen
for mental disorders, including eating disorders and compulsive overeating, using brief,
standardized screening tools such as the Children’s Eating Disorders Inventory (EDI-C);
the Eating Disorder Examination Questionnaire (EDE-Q); semi-structured interviews, such
as the Children’s Eating Disorder Examination (ChEDE); and online measures, such as the
Development and Well-Being Assessment (DAWBA) [77,78]. The role of mental healthcare
workers is to promote mental health (in the form of digital brochures, videos, etc., available
online for caregivers, teachers, and children), increase mental health awareness and, most
importantly, promote the practice of mental health hygiene [38,76].

3. Medical Aspects of Obesity in Children and Adolescents

3.1. Overview of Obesity in Childhood

According to the World Health Organization (WHO), overweight and obesity are dis-
orders characterized by abnormal or excessive fat accumulation and associated with health
hazards [79]. Table 2 presents diagnostic criteria of childhood obesity according to various
definitions [80–85]. Abdominal or central obesity may be identified if a waist-to-height
ratio is greater than 0.5 [15,86,87]. It has been also reported that the 90th percentile of waist
circumference by age and sex for children and adolescents aged 6 to 18 years is the cutoff to
identify central obesity in children and adolescents [88]. Obesity is one of the most serious
challenges worldwide in all age groups [15,84,87]. Joint UNICEF/WHO/World Bank esti-
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mates demonstrated that globally, in 2020, the problem of overweight and obesity referred
to 5.7% of children under 5 years of age, which aligns with 38.9 million children [89].

Table 2. Diagnostic criteria for childhood obesity [80–85].

Organization Diagnostic Criteria for Obesity

World Health Organization
[80,81]

Children under 5 years of age
Overweight: age- and sex-adjusted weight-for-height >2 standard

deviations above WHO Child Growth Standards median
Obesity: age- and sex-adjusted weight-for-height >3 standard deviations

above the WHO Child Growth Standards median

Children between 5 and 19 years of age
Overweight: age- and sex-adjusted BMI >1 standard deviation above the

WHO Growth Reference median
Obesity: age- and sex-adjusted BMI-for-age >2 standard deviations above

the WHO Growth Reference median

U.S. Centers for Disease Control and Prevention (CDC)
[82,83]

Children between 2 and 19 years of age
Overweight: age- and sex-adjusted BMI ≥85th to <95th percentile on

CDC Growth Charts
Obesity: age- and sex-adjusted BMI ≥95th percentile on CDC Growth

Charts
Severe obesity: 120% of the 95th percentile of the age- and sex-adjusted

BMI or greater, or BMI ≥35 kg/m2

Children under 2 years of age
CDC recommends the use of the WHO criteria

American Academy of Pediatrics (AAP)
[84]

Severe obesity
Class 2 obesity: age- and sex-adjusted BMI ≥ 35 to <40 kg/m2 or ≥120 to

140% of the 95th percentile, whichever is lower
Class 3 obesity: age- and sex-adjusted BMI ≥ 40 kg/m2 or ≥140% of the

95th percentile, whichever is lower

International Obesity Task Force (IOTF)
[85]

Overweight
International age- and sex-specific BMI percentile cutoffs equivalent to

BMI 25 kg/m2 at age 18 years

Obesity
International age- and sex-specific BMI percentile cutoffs equivalent to

BMI 30 kg/m2 at age 18 years

The WHO European Regional Obesity Report 2022 indicated that in a population of
children aged from 5 to 9 years, the prevalence of overweight was 29.5% and the prevalence
of obesity was 11.6% [90]. Overweight occurred in 24.9% of older children and youth
between 10 and 19 years of age. In this population, 7.1% of children were obese [90].

The National Health and Nutrition Examination Survey (NHANES) from 2017–2018
revealed that 16.1% of children and adolescents in the United States were overweight, and
19.3% had obesity, including approximately 30% with severe obesity [91].

Data from 2416 population-based studies in a pediatric population demonstrated
that from 1975 to 2016 the increasing trend in mean BMI reached a plateau at high levels
in many high-income countries, and a steep increase trend in east, south, and southeast
Asia [92]. The highest prevalence of obesity exceeding 30% of the children’s population
was reported in some countries of the Pacific Ocean region [92].

According to the World Obesity Federation, the global prevalence of childhood obesity
is predicted to rise from 10% to 20% in boys and from 8% to 18% in girls in the period
2020–2035 [16]. It is estimated that in 2035 there will be 383 million children living with
obesity worldwide [16].
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Obesity has a detrimental impact on children’s health. Possible consequences of
obesity in childhood are listed in Table 3 [15,84,87,93].

Table 3. Complications associated with obesity in childhood [15,84,87,93].

System Disorder

Cardiovascular
Hypertension

Left ventricle hypertrophy
Premature atherosclerotic cardiovascular disease

Respiratory

Asthma
Obstructive sleep apnea

Sleep disorders
Hypoventilation syndrome

Endocrine

Dyslipidemia
Impaired glucose tolerance

Type 2 diabetes
Metabolic syndrome

Polycystic ovary syndrome
Impaired growth and puberty

Gastrointestinal

Metabolic dysfunction-associated steatotic liver disease
Gastroesophageal reflux disease

Cholelithiasis
Constipation

Micronutrient deficiencies

Musculoskeletal

Slipped capital femoral epiphysis
Blount disease

Fractures
Pes planus

Skin

Acanthosis nigricans
Striae

Intertrigo
Hidradenitis suppurativa

Furunculosis

Renal Enuresis
Glomerulosclerosis

Dental Dental caries
Periodontal disease

Nervous system Idiopathic intracranial hypertension

Psychosocial

Reduced self-esteem
Depression

Anxiety
Disordered eating

Internalizing disorders

Long-term complications

Adult obesity
Coronary artery disease

Type 2 diabetes
Certain cancers

Infertility
Osteoarthritis

3.2. Neurochemical and Molecular Changes Induced by Chronic Stress

Although many studies demonstrate that chronic stress is associated with obesity [94–96],
the exact mechanisms underlying this process have not yet been fully elucidated. Molecular
and neurochemical changes associated with chronic stress can indeed exert a significant
influence on the development and progression of obesity (Scheme 1). This influence arises
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from the intricate interplay between the stress response system and a range of physiological
pathways linked to the regulation of appetite, metabolism, and energy storage.

Scheme 1. Neurochemical and molecular alterations underlying chronic stress.

3.2.1. Chronic Activation of the HPA Axis

The stress system consists of the reactions of the sympathetic nervous system, which
secretes noradrenaline and adrenaline, and the hypothalamic–pituitary–adrenal (HPA)
axis, which releases cortisol, playing a major role in the physiology of stress reactions [97].
The effect of adrenal corticosteroids on the secretion of adrenocorticotropin is a complex
phenomenon because it depends on the type of stress. As a result of acute stress, gluco-
corticosteroids (GCs) directly inhibit the activity of the hypothalamic–pituitary–adrenal
axis (HPA), while as a result of exposure to chronic stress, the effect of these steroids on the
brain is stimulating [98]. Activation of the HPA axis activates the secretion of cortisol, a
steroid hormone that regulates behavior and food choices [96]. Chronic activation of the
HPA axis during chronic stress may result in prolonged cortisol effects and a subsequent
orexigenic response that may manifest itself in cravings for certain types of foods [8]. In
addition, GCs increase the expression of corticotropin-releasing factor (CRF) in the central
nucleus of the amygdala, the emotional processing center, enabling the recruitment of the
chronic stress response network. Additionally, GCs increase the perception of pleasant or
compulsive activities, which motivates the consumption of “comfort foods” [98]. In this
way, GCs act systemically to lead to an increase in body fat, which, in turn, leads to energy
storage, inhibition of catecholamines in the brainstem, and CRF expression in hypothalamic
neurons. Studies have shown that an increase in the level of the stress hormone cortisol
(glucocorticoid) plays a key role in the development of obesity. Glucocorticoid redistributes
white adipose tissue in a given area and increases hunger attacks and the desire to eat
high-energy food, consisting mainly of fat and sugars [99]. Additionally, it has been shown
that high cortisol levels can also increase appetite [100]. In turn, people with abdominal
obesity experience neuroendocrine disorders, which result in impaired functioning of the
hypothalamus, pituitary, and adrenal glands. In vivo studies have shown that exposure
to chronic stress reduces the weight gain of animals [101]. In turn, another study showed
that when rats are stressed, they are more likely to eat lard and food rich in sugar [102].
However, it has been noticed that in humans, chronic stress may have a two-way effect—it
may cause increased food consumption to ensure comfort of life, which leads to weight
gain. It may also suppress appetite, reduce food intake, and weight loss. Studies have
shown that depressed people who consume excessive amounts of food have reduced
cerebrospinal CRF, catecholamine concentrations, and hypothalamic–pituitary–adrenal
activity [98]. Disturbances in the activation of the hypothalamic–pituitary–adrenal axis are
related to the development of obesity because the primary basis for the increased activation
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of this system is hyperinsulinemia, which causes functional hypoglycemia; this, in turn,
leads to increased synthesis and release of ACTH, and then to excessive adrenal production
of cortisol. Adam and Epel [100] related the reward-based stress eating model, which
reveals the influence of cortisol on the consumption of high-calorie food and explains
the importance of potential neuroendocrine mediators in the relationship between stress
and eating. Both stress and eating stimulate the release of endogenous opioids, which, in
turn, leads to a decrease in the activity of the HPA axis and weakens the stress response.
Repeated stimulation of the reward pathway by stress stimuli induces stimulation of the
HPA axis and reaching for food. This, in turn, may lead to neurobiological adaptation of
the body and compulsive eating. Cortisol, in turn, may change the level of satisfaction
achieved as a result of eating through neuroendocrine mediators such as insulin, leptin,
and neuropeptide Y. Physiologically, the action of glucocorticoids is counteracted by insulin
and leptin; however, in chronic stress this system becomes imbalanced. This may result
in increased food intake, which may lead to the accumulation of fat tissue. Therefore,
it seems that excessive activation of the HPA axis may be one of the pathomechanisms
linking obesity and chronic stress. Chronic activation of the HPA axis can alter glucose
metabolism, promote insulin resistance, and affect many appetite-related hormones and
hypothalamic neuropeptides [103]. It has been shown that people exposed to chronic stress
show a greater preference for and consumption of tasty, energy-rich foods rich in sugar
and fat, which contributes to the development of obesity [104].

It has also been observed that the defensive reaction caused by stress leads to in-
creased activation of the sympathetic nervous system and vasoconstriction in skeletal
muscles [105]. It has been shown that increasing sympathetic activation may contribute
to the development of obesity through stress factors. Therefore, it seems that this may be
another pathophysiological link between chronic stress and obesity [105]. Because food is
an inexpensive and readily available source of reward that provides short-term pleasure
and relief from the discomfort associated with stress responses, negative reinforcement and
stress may motivate eating to regulate stress responses.

Chronic glucocorticoid exposure increases the expression and activity of lipoprotein
lipase within adipose tissue depots, facilitating fat storage, and this predominates within
visceral adipose tissue since visceral depots express more GR than subcutaneous depots.
The stromal vascular cells of visceral adipose express higher levels of 11β-hydroxysteroid
dehydrogenase (11β-HSD-1), an enzyme that regenerates glucocorticoids from their in-
active metabolites, further augmenting local glucocorticoid action in abdominal fat [106].
Moreover, cortisol can increase appetite and reduce the body’s sensitivity to insulin, which
leads to higher blood sugar levels [107]. Furthermore, cortisol plays a pivotal role in the
activation of an enzyme called lipoprotein lipase (LPL), which results in the increased
accumulation of triglycerides within fat cells, also known as adipocytes. It is essential to
underscore that the level of cortisol is closely correlated with the extent of fat tissue within
the body. What is of particular significance is the heightened sensitivity of intraabdominal
fat tissue to the influence of cortisol, owing to the abundance of receptors for this hormone
in comparison with other fat storage sites. Consequently, the adverse effects of excessive
cortisol are notably pronounced in this region, thereby facilitating fat accumulation in the
abdominal area [108].

Additionally, cortisol acts as an inhibitor of somatotropin, a growth hormone that
typically carries out a lipolytic function under normal conditions, promoting the breakdown
of fat. These intricate processes appear to be especially conspicuous in individuals afflicted
by Cushing’s syndrome, characterized by elevated levels of both cortisol and insulin,
along with intra-abdominal obesity. Research conducted by Rebuffé-Scrive et al. in 1988
corroborates the association between hypercortisolemia, hyperinsulinemia, and intra-
abdominal obesity [109]. Similarly, Rosmond et al. (1998) validated a substantial link
between postprandial salivary cortisol levels and various health parameters and obesity-
related indicators in men, such as BMI, waist-to-hip ratio (WHR), fasting glucose, insulin,
triglycerides, cholesterol, and blood pressure [110].
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3.2.2. Chronic Stress, Neurotransmitters, and Obesity

Potential mechanisms related to chronic stress and obesity include changes in the
neurotransmitter system. Neurotransmitter disorder is a neurometabolic disorder that
affects the way neurotransmitters are produced, broken down, or transported [111]. Neuro-
transmitter pathways include amino acids such as γ-aminobutyric acid (GABA), glutamate,
and glycine, and monoamines such as adrenaline, noradrenaline, dopamine, and sero-
tonin (5-HT). Chronic stress has been shown to affect brain motivation and habit-related
areas [96,112]. Therefore, it is assumed that stress and reward circuits in the brain overlap
and, by activating habit-based circuits, food cravings are increased by stress [96]. Cate-
cholamine neurotransmitters such as dopamine (DA) and norepinephrine (NE) are found
in brain neurons that are involved in the central nervous system’s response to stress. It has
been supported that stress is associated with an increase in the activity of neurons produc-
ing both DA and NE and leads to an increase in the synthesis of both transmitters [113]. It is
known that catecholamines, which are secreted by the adrenal medulla and the sympathetic
nervous system, exert a significant impact on the body’s energy processes [114]. Lipolysis is
initiated by catecholamines, which activate the process via β1- and β2-adrenergic receptors.
This stimulation results in an elevation of intracellular cyclic adenosine monophosphate
(cAMP) concentration due to cAMP-dependent activation of protein kinase [115]. HPA acti-
vation is associated with the activation of the mesolimbic dopaminergic system, a network
strongly linked to the reward system. Dopamine has been linked to reward sensitivity,
conditioning, and control of food abuse [103]. In people with obesity, the sensitivity of
α- and β-adrenergic receptors in adipose tissue is modified. In this way, catecholamines
influence the lipolytic process, leading to an increase in the storage of fat. The results of
preclinical studies indicate an ambiguous response of DA to various stressful stimuli. It
has been observed that acute, controlled physical stress causes increased DA outflow in the
brain, while during long-term and uncontrolled exposure to the same stress factors, DA
release is attenuated [116]. It is also known that chronic stress affects the neurotransmission
of serotonin (5HT) in the brain. The neurotransmission of serotonin (5HT) in the brain is
also known to be affected by chronic stress. Stress factors can activate raphe nuclei and
rapidly increase 5HT release at efferent targets, such as the cortex, hypothalamus, and
amygdala [117,118]. Therefore, chronic stress exposure may affect 5HT neurotransmis-
sion at postsynaptic targets, which may result in functional deficits in these brain regions,
which, in turn, may result in abnormal behavioral patterns. Neurotransmitters such as
serotonin and noradrenaline play an important role in the central nervous control of energy
balance, which is why they are involved in obesity-related symptomatology. Many neuro-
transmitters have been shown to be involved in energy homeostasis by regulating food
intake and/or energy expenditure; this phenomenon changes in the case of obesity [111].
However, whether changes in neurotransmitter metabolism are the cause or perhaps a
consequence of overweight and obesity has not been fully clarified. This relationship is
partially confirmed by the observation that weight gain may be caused by drugs targeting
neurotransmission, such as atypical antipsychotics and antidepressants. This suggests that
changes in neurotransmission may precede the onset of obesity. Another confirmation of
the relationship may be the fact that the weight-loss properties of anti-obesity drugs are
related to molecules acting as monoamine reuptake inhibitors or 5-HT receptor agonists
and monoamine-releasing agents.

Chronic stressors have been shown to increase synaptic branching in the amygdala
and anterior cingulate cortex while decreasing synaptic connections to the hippocampus
and prefrontal regions [119]. Limbic regions, in turn, are involved in reward encoding and
reward-based learning and feeding [120]. Repeated stressors that keep the stress system
chronically activated can alter the brain’s reward pathways related to food seeking, which,
in turn, can lead to metabolic changes that promote fat storage. Body weight-dependent
adaptations of neural pathways may therefore enhance food preferences, appetite, and
food intake under conditions of chronic stress.
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3.2.3. The Impact of Chronic Stress on the Neurohormonal Regulation of Appetite

The regulation of appetite is a highly complex process, finely tuned by the intricate
interplay of various hormones and neurotransmitters in our body. These substances play a
crucial role in governing our appetite, dictating when hunger strikes, when we reach a point
of satisfaction, and even how our digestive system functions. Stress exerts a significant
influence on our appetite and eating behaviors. In moments of acute stress, our appetite
typically diminishes. However, the situation becomes markedly more intricate when we
are under chronic stress. The prolonged periods of stress often trigger intense cravings and
a pursuit of, as well as indulgence in, delicious, frequently high-calorie, and fatty foods.
This phenomenon is closely intertwined with weight gain and an elevated risk of obesity.

The brain plays a central role in regulating appetite. The hypothalamus is a center that
controls the feelings of hunger and satiety associated with eating. The arcuate nucleus pro-
duces various neurotransmitters such as neuropeptide Y (NPY) and agouti-related peptide
(AgRP), which increase appetite, and alpha-melanocyte-stimulating hormone (α-MSH) and
cocaine-and-amphetamine-regulated transcript (CART), which reduce appetite [121,122].
The paraventricular nucleus regulates the body’s energy expenditure and controls food
intake based on processing information received from the arcuate nucleus. Additionally,
the paraventricular nucleus produces corticotropin-releasing hormone (CRH), which affects
appetite [122].

Studies have shown that neuropeptide Y participates in the regulation of, and coping
with, stress and maintains emotional homeostasis, preventing the behavioral consequences
of stress and anxiety. Neuropeptide Y is also one of the main neuropeptides involved in
increasing appetite, the action of which is inhibited by leptin [123].

It is also worth mentioning that leptin, a hormone produced by adipocytes, exerts a
significant influence on the oxidation of fatty acids. Its concentration in the bloodstream is
closely linked to the amount of body fat. Upon entering the bloodstream, leptin reaches the
hypothalamus, where it exerts its effects on appetite regulation. Within the hypothalamus,
leptin diminishes the production of neurotransmitters that promote appetite, such as
NPY/AgRP, and enhances the production of neurotransmitters that suppress appetite, like
POMC/CART [124]. This leads to a reduction in food consumption and an increase in the
body’s energy expenditure. Moreover, leptin not only affects the regulation of appetite and
body weight but also plays an important role in maintaining the balance of blood glucose
levels by increasing the sensitivity of peripheral tissues to insulin [125]. Stress is known to
reduce leptin levels, a hormone released by adipose tissue that typically acts as a satiety
signal to the brain. When leptin levels decrease, the body’s hunger signals can intensify,
leading to excess calorie consumption [126].

Bouillon-Minois et al. (2021) showed that leptin levels decrease in response to acute
stress, mainly due to its effects on the HPA axis [127]. Experiments conducted in controlled
laboratory environments indicate that leptin has the capacity to suppress the secretion of
corticotropin-releasing hormone (CRH). This implies that the presence of leptin in the blood-
stream might act as a regulator, potentially restraining the functioning of the HPA axis [128].
It should be noted that despite higher leptin levels in people experiencing increased stress,
this does not always lead to the shutdown of the HPA axis (hypothalamic–pituitary–adrenal
system). The brain appears to become less sensitive to the signals transmitted by leptin.
This phenomenon makes it impossible to effectively inhibit the activity of the HPA axis
and control appetite [129].

Another important hormone that plays a key role in regulating appetite and influences
our eating habits is ghrelin. Ghrelin is known as the “hunger hormone” and is produced
mainly by the stomach lining. Typically, after we have eaten, the levels of ghrelin in our
bloodstream tend to decrease, which is a signal that helps promote a feeling of fullness or
satiety. However, when there is a disruption in the normal regulation of ghrelin quality
by a reduced suppression of ghrelin levels (in other words, ghrelin concentrations remain
elevated) after a meal, it can play a role in the tendency to overeat. This disruption in
ghrelin signaling may contribute to overconsumption of food [126,130]. Recent systematic
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studies have shown that ghrelin concentrations increase in response to both acute mental
and physical stress [127]. Moreover, it has been proven that changes in the levels of the
key stress hormone, cortisol, positively correlate with ghrelin levels both before and after
meals in women struggling with obesity [131]. In situations of chronic stress or when stress
reaches extremely high levels, the actions of cortisol and ghrelin may work together to
contribute to stressful eating habits. This includes excessive consumption of very appetizing
foods and eating despite not feeling hungry.

3.2.4. Chronic Stress, Inflammation, and Obesity

The relationship between chronic stress, inflammation, and obesity is complex. One
of the key mechanisms through which chronic stress contributes to inflammation is the
activation of the hypothalamic–pituitary–adrenal (HPA) axis. Prolonged exposure to el-
evated cortisol levels can disrupt the delicate balance of the immune system, resulting
in an uneven distribution of pro-inflammatory and anti-inflammatory responses. This
process involves immune cells, particularly macrophages, becoming active and producing
pro-inflammatory cytokines like interleukin-6 (IL-6), interleukin-1β (IL-1β), and tumor
necrosis factor α (TNF-α) [132]. Inflammatory processes play a disruptive role in the intri-
cate mechanisms governing the metabolism of both fat and glucose, causing interference
with the normal functioning of adipose tissue. Within the hypertrophic adipose tissue in
obese individuals, nearly 50% of all cell types present are macrophages that exhibit an
inflammatory phenotype. In the hypertrophic adipose tissue of obese individuals, almost
half of all cell types are macrophages, and these macrophages display an inflammatory
phenotype. The abundance of inflammatory macrophages within the adipose tissue sig-
nificantly amplifies the ongoing state of inflammation, thereby exacerbating the intricate
challenges linked to obesity. Consequently, this heightened inflammatory response often
leads to a shift in fat accumulation toward visceral adipose tissue, ultimately culminating
in the development of abdominal obesity, as highlighted in studies by Solinas et al. (2012)
and Jager et al. (2007) [133,134]. A study by Lutz et al. (2016) showed that in people suffer-
ing from obesity, the content of macrophages in visceral adipose tissue was significantly
higher compared with people with normal average body weight and amounted to as much
as 12%. In people with normal average body weight, the macrophage content was only
4% [135]. Wannamethee et al. in 2007 confirmed that the concentration of IL-6 in portal
veins correlates with the systemic inflammatory marker, C-reactive protein (CRP), in the
blood of patients with visceral obesity [136]. Also, Illán-Gómez has confirmed a positive
correlation between body mass index (BMI) and IL-6 levels in morbidly obese patients [137].
The results of a study by Arnardottir et al. (2012) confirm a strong correlation between IL-6
levels and BMI [138].

Regrettably, in the context of hypertrophied adipose tissue and the presence of pro-
inflammatory mediators, the ability of adipocytes to produce not only adiponectin but
also other beneficial adipokines is hampered. This, in turn, hinders the adipose tissue’s
capacity to fulfill its role in regulating anti-inflammatory, anti-hyperlipidemic, and insulin-
sensitizing processes [139]. Adiponectin is a substance that works in several different
ways to support metabolic health. One of its important actions is to inhibit the process
of lipogenesis, i.e., the creation of new lipids, by blocking the action of the sterol-binding
protein-1c. Moreover, adiponectin regulates the expression of pro-inflammatory genes by
inhibiting the activity of the NF-κB transcription factor. Adiponectin also promotes the
activity of two important transcription factors, PPAR-α(peroxisome proliferator-activated
receptor alpha) and PPAR-γ (peroxisome proliferator-activated receptor gamma). These
transcription factors are responsible for increasing the process of β-oxidation (fat burning
in cells) and glucose transport into cells via the type 4 glucose transporter [140]. A study
by Jaleel et al. (2006) showed that obese postmenopausal women have lower levels of
adiponectin compared with women with normal body weight. Additionally, the study
showed that obesity was associated with metabolic abnormalities, such as disturbances in
blood lipid levels and changes in leptin levels [141].
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3.2.5. Chronic Stress, Insulin Resistance, and Obesity

Chronic stress can negatively affect glucose homeostasis and lead to insulin resis-
tance [142,143]. Research suggests that chronic stress may influence the development of
insulin resistance in various ways. First, stress can increase the levels of hormones such as
cortisol, which affect metabolism and may impair glucose regulation. Second, a notable
link connection is observed between chronic stress and activation of the renin–angiotensin
system (RAS) and insulin resistance. When this system is stimulated as a result of stress,
there is a noticeable increase in the level of angiotensin II, a substance associated with it.
Angiotensin II’s detrimental impact extends to the inhibition of insulin-stimulated tyrosine
phosphorylation (IST) via a mechanism dependent on mitogen-activated protein kinase
(MAPK) [144]. Additionally, angiotensin II negatively affects the availability of nitric oxide
(NO), subsequently impeding insulin signaling and diminishing insulin sensitivity [145].
Furthermore, angiotensin II can diminish the activity of PI3K, a crucial component of the
insulin signaling pathway [144], and it disrupts the proper localization of Glut-4 on cell
membranes [144].

Another important factor is excessive stimulation of the immune system as a result
of chronic stress, which leads to an increase in the level of inflammatory mediators and
pro-apoptotic factors. These phenomena have the potential to damage pancreatic cells.
The consequence of this is disruption of the proper functioning of pancreatic cells, which,
in turn, is associated with the risk of developing metabolic disorders, including insulin
resistance [146]. In a 2014 study conducted by Parkulo, it was revealed that the structure
and function of pancreatic islets in mice are detrimentally affected by long-term stress,
which has detrimental effects on the structure and function of pancreatic islets in mice,
resulting in the shrinkage of these structures and an increased risk of type 1 diabetes.
Additionally, the research showed that chronic stress diminished the activity of genes
responsible for the proliferation of pancreatic beta cells [147]. Furthermore, Huffman et al.
(2013) found that individuals who experienced depression and persistent mental stress
exhibited impaired beta cell function, directly impacting insulin availability and glucose
homeostasis [148].

3.2.6. Chronic Stress, Oxidative Stress, and Obesity

In cases of chronic stress and inflammation, the equilibrium between the generation
and removal of free oxygen radicals and their derivatives is disrupted, resulting in the
onset of oxidative stress. Individuals enduring prolonged periods of stress often exhibit
shifts in their eating habits. Stress can sometimes trigger “stress eating”, leading people
to reach for high-calorie and unhealthy snacks as a way to cope with their emotional
burdens. This heightened intake of fats, carbohydrates, and unhealthy fatty acids can
heighten oxidative stress via diverse biochemical pathways. These processes involve the
overproduction of superoxide via NADPH oxidase activity, oxidative phosphorylation,
spontaneous glyceraldehyde oxidation, activation of protein kinase C, and stimulation of
polyol and hexosamine pathways [149]. These metabolic abnormalities lead to increased
oxidative damage to cells, which may manifest as mitochondrial and DNA damage, as
well as a decrease in adenosine triphosphate (ATP) levels and lipotoxicity [150]. As a
result of increased oxidative damage, there is increased production of pro-inflammatory
cytokines and acceleration of lipid peroxidation. This results in increased lipogenesis and
altered insulin signaling, further enhancing the production of reactive oxygen species, and
creating a detrimental feedback loop [151]. Consequently, oxidative stress is a significant
contributor to the excessive accumulation of body energy substances such as glucose
and fats in the liver, muscles, and adipose tissue, while stimulating mitochondrial and
peroxisomal oxidation processes [152]. It is worth noting that people with obesity are
more susceptible to oxidative damage due to depleted resources of antioxidants, such as
superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT), as well as
vitamins A, E, C, and β-carotene compared with people with normal body weight [153].
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Reactive oxygen species (ROS) not only stimulate the secretion of pro-inflammatory
cytokines, but also activate adhesion molecules and growth factors such as connective
tissue growth factor, insulin-like growth factor-1 (IGF-I), platelet-derived growth factor,
and vascular cell adhesion molecule-1. This process is possible owing to the action of
transcription factors that respond to changes in the level of oxidation–reduction, especially
by activating the NADPH (NOX) oxidase pathway and the NF-κB factor [154]. Moreover,
ROS stimulates cytokine secretion through the apurin/apyrimidin endonuclease/redox
factor-1 (APE/Ref-1-)-dependent pathway [155].

It is also important to recognize that adipose tissue serves as a source of bioactive
molecules known as adipokines, which can play a significant role in oxidation–reduction
balance. In people who are overweight or obese, changes in the level of adipokines are
often observed, especially an increase in leptin concentration. Leptin, which is secreted
mainly by adipocytes, plays a role in regulating appetite and the feeling of satiety. However,
in people with obesity, leptin levels are often elevated, which may lead to resistance to its
effects on appetite. At the same time, increased leptin can stimulate oxidative stress by
increasing phagocyte activity, inducing the synthesis of pro-inflammatory cytokines such
as TNF-α, IL-6, and IL-2, and increasing the levels of endothelial cell activation markers.
This may contribute to the intensification of oxidative stress in the body of people with
obesity [156].

In turn, adiponectin in people with obesity reaches low concentrations in blood serum,
owing to which it loses its anti-inflammatory and anti-atherosclerotic properties [157]. At
the same time, adiponectin is unable to effectively limit the release of reactive oxygen
species (ROS) by low-density lipoproteins (LDLs), which results in increased oxidative
stress in people struggling with overweight. In individuals with obesity, inflammatory
adipocytokines like visfatin and resistin are released from adipose tissue. The concentra-
tions of these adipocytokines exhibit a positive correlation with the quantity of adipose
tissue and the occurrence of oxidative stress, as evidenced by studies conducted by Moschen
et al. (2007) and Chen et al. (2010) [158,159].

3.2.7. Chronic Stress, Gut Dysbiosis, and Obesity

Stress is also a significant factor causing an imbalance in the gut microbiota home-
ostasis and gut dysbiosis [9]. The term “dysbiosis” refers to a disruption in microbiota
equilibrium, leading to alterations in the composition, function, and activity of the microbial
community [160]. Dysbiosis may be characterized as the loss of beneficial microorganisms,
an increase in the abundance of pathobionts, and a reduction in microbial diversity [160,161].
Dysbiosis can be described as the depletion of beneficial microorganisms, a rise in the preva-
lence of pathogenic microorganisms, and a decrease in overall microbial diversity [160,161].
The gut microbiota plays a critical role in multiple physiological functions, including
regulation of the HPA axis and sympathetic–adrenal medullary signaling, shaping the
stress response [27]. Consequences of exposure to prolonged or chronic stressors in rodent
models encompassed alterations in the microbiota composition and function, reduced
stability of the microbiome, and increased microbial volatility [9]. Changes in the microbial
community included in particular reduction in Lactobacillaceae Akkermansia and Bifidobac-
teriacae and an increase in pathobionts like Clostridiacae, Escherichia, and Shigella [9]. Gut
dysbiosis appears to play a significant role in the development of obesity. As it has been
described previously, stress is a significant factor affecting appetite and shaping dietary
choices [10,11], while the diet is one of the most significant modifiable factors affecting
gut microbiota homeostasis [162,163]. A high-fat diet is associated with increase in the
Firmicutes to Bacteriodetes ratio, Lactobacillus spp., Enterobacteriaceae, Bacteroidales, Bacteroides
spp., Bifidobacterium spp., and Enterococcus spp., and reduction in Clostridia, Clostridium
leptum, and Enterobacter spp. in the gut microbiota composition [162]. Another implication
of a high-fat diet is the low diversity of gut microbiota and the promotion of intestinal
permeability [10,11]. It should be highlighted that the interaction between the diet and
microbiota is bidirectional [10]. The gut microbiota with its metabolites may affect appetite
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regulation, reward system, or taste receptor expression [10]. Thus, it appears that stress,
diet, and microbiota combine to form a virtuous cycle. Potential strategies for breaking this
cycle may be focused on behavioral interventions aiming at diet modifications and stress
reduction, as well as on therapeutic interventions leading to microbiota modulation.

The composition of gut microbiota in obese individuals may vary among different
populations; however, in general, it is characterized by an elevated Firmicutes to Bacteroidetes
ratio, and a decrease in Bacteroides spp., Akkermansia spp., and Bifidobacterium spp. [162,163].
Gut dysbiosis in the gut induced by a Western diet promotes obesogenic mechanisms,
including the excessive harvesting extraction of energy from food and dysregulation of en-
ergy balance and gut hormones [160,163,164]. Moreover, alterations in gut microbiota may
be associated with increased intestinal permeability, metabolic bacteriaemia, endotoxemia,
and immune dysregulation propagating obesogenic inflammation [160,163,164]. However,
further studies are needed to fully elucidate the complex role of the gut–brain axis in the
pathogenesis of obesity.

4. Summary

The isolation policies necessary to limit the spread of SARS-CoV-2 infection have had
an impact on the physical activity and eating habits of children and adolescents. Research
has shown that the experience of chronic stress in the form of the COVID-19 pandemic
plays an important role in many stages of the complex pathogenesis of obesity. Exposure to
chronic stressors affects the neuroendocrine regulation of appetite and food preferences,
and also promotes inflammation and intestinal dysbiosis, contributing to the development
of obesity. It has also been shown that chronic stress influences the development of
overweight and obesity through many mechanisms, such as the development of oxidative
stress, neuroinflammation, insulin resistance, neurohormonal disorders, dysregulation of
the HPA axis, and disorders in neurotransmission. Exposure to chronic stressors also affects
the neuroendocrine regulation of appetite and food preferences and promotes inflammation
and intestinal dysbiosis, contributing to the development of obesity. Obesity in children
is a serious disease with serious consequences for mental, physical, and social health. It
can lead to many diseases, including depression, coronary artery disease, type 2 diabetes,
certain cancers, and osteoarthritis. Now more than ever, there is an urgent need to develop
effective strategies to prevent overweight and obesity in the pediatric population and to
develop effective multidisciplinary programs for the treatment of childhood obesity.
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Abstract: The COVID-19 pandemic and the measures implemented to control it have led to widespread
lifestyle changes globally. While previous studies have explored these effects across different age
groups, this research focuses uniquely on college students in Kuwait. A cross-sectional study
(N = 1259) was conducted among college students using a validated online questionnaire covering
various aspects, including demographics, academic performance, self-reported body weight and
height, sleep duration, dietary habits, and physical activity. There were equal proportions of in-
dividuals reporting decreased, increased, or no change in body weight, BMI, and dietary habits
due to COVID-19, with no significant gender differences observed. A higher decrease (44.3%) than
increase (29.2%) occurred due to COVID-19 in the proportion of college students engaging in phys-
ical activity. Significant differences were found in the students’ responses to most of the eating
behavior questions, concerning the changes attributable to the COVID-19 pandemic restrictions.
Multivariable analysis showed significant interaction effects for gender by losing above 9 kg dur-
ing the last 6 months in age (p = 0.037), total physical activity in METs-min/week (p = 0.048), and
cake/donuts intake (p = 0.006). Logistic regression analysis, adjusted for age, revealed that a decrease
in BMI was associated with an increase in daily vegetable intake (aOR = 1.531, p = 0.031), whereas
increases in BMI were associated with an increased intake of sugar-sweetened drinks equal to or
above 4 days/week (aOR = 1.551, p = 0.032) and increased chocolates/candy intake equal to or above
4 days/week (aOR = 1.792, p = 0.037). It was concluded that, in response to a major epidemic, such
as COVID-19, college students, as a population, are susceptible to significant changes in lifestyle and
eating behaviors that can impact their health and well-being. Future risks for college students’ health
can be reduced through appropriate lifestyle interventions.

Keywords: COVID-19 pandemic; college students; Kuwait; lifestyle changes; eating habits; physical
activity; body weight; sleep patterns; academic achievement; gender differences

1. Introduction

The coronavirus disease 2019 (COVID-19) was declared a pandemic by the World
Health Organization in March 2020 [1]. As of 26 August 2023, it had resulted in a stag-
gering global toll of 6.9 million deaths and 770 million reported cases [1]. To mitigate the
rapid spread of the virus and its associated morbidity and mortality rates, governments
worldwide swiftly implemented a range of measures, including total or partial lockdowns,
quarantines, social distancing mandates, and the closure of schools and workplaces [2].
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While the impact of such measures was felt across all age groups, children and
adolescents emerged as particularly vulnerable to the mental health challenges brought
about by the pandemic [3–5]. The disruptions to their usual routines, physical activity, and
social interactions, coupled with the stress and uncertainty of the situation, placed students
at an increased risk for various psychological issues. It is reasonable to hypothesize that
these psychological challenges may have contributed to the changes observed in lifestyle,
eating behaviors, and BMI, which are the focus of this research [6]. Numerous studies have
reported a surge in negative emotional states among young adults, including heightened
levels of anxiety, loneliness, stress, anger, irritability, psychological distress, and depressive
symptoms [7,8]. Furthermore, there has been a notable increase in body mass index (BMI)
and higher rates of overweight among this demographic [9]. Individuals with pre-existing
eating disorders have been especially impacted, with a concerning 41% experiencing a
reactivation of their symptoms during lockdowns [8].

Across the globe, the COVID-19 pandemic has influenced many aspects of people’s
lives such as their health, body weight, education, social life, and lifestyles behaviors [10–12].
Studies conducted in neighboring countries, such as Jordan [9] and Saudi Arabia [13,14],
observed similar trends, further emphasizing the regional relevance and importance of
this issue. As a consequence of COVID-19, physical activity was impacted with a drastic
reduction in exercising, walking, and bicycling for transportation and leisure [15,16]. In
addition, as a result of at-home confinement, sedentary behavior frequently replaced time
spent in physical activity [16].

College students are generally sociable human beings, and, therefore, the period of
social isolation during the COVID-19 lockdowns is considered a major factor that can
impact their lifestyle and eating behaviors [12,15,17]. In addition, the closure of universities
and the introduction of online teaching definitely disrupted their usual daily routines,
added more anxiety and stress to their lives, and may have negatively influenced their
mental health and well-being [18]. Hence, it was particularly important to maintain a
healthy lifestyle and well-adjusted eating habits during this critical period of the pandemic.

Furthermore, the impacts of COVID-19 on lifestyle behaviors may vary from country
to country due to differences in the cultural, social, economic, and types of healthcare
systems [11,12,19]. In addition, some recent studies observed gender-related health risk
differences as a result of COVID-19 pandemic restrictions [20,21].

In the State of Kuwait, there is limited research examining the impacts of the COVID-19
pandemic on body weight and lifestyle behaviors, including physical activity levels, screen
time, sleep, and dietary habits. Therefore, the aim of this study was to evaluate the impact of
the COVID-19 pandemic restrictions on self-reported body weight, sleep duration, lifestyle
behaviors, eating habits, and academic achievement among college students in Kuwait.
Moreover, our study aimed to identify and compare gender differences between male
and female students in the measured variables, providing insights into how the pandemic
affected each group. Previous research indicated that the pandemic’s effects may vary
based on gender [20,21].

2. Materials and Methods

2.1. Sample and Design

This cross-sectional study was conducted in Kuwait over a 4-month period from
November 2020 to February 2021. Ethical approval was secured from the Institutional
Review Board (IRB) at the College of Health Sciences in Kuwait. The sample size was
calculated with the assumption that the population proportion would yield the maximum
possible sample size required (proportion = 0.50), with a confidence level of 95% and
a margin of error of 4%. An additional 20% of participants were added to account for
non-responders or missing data. The total sample size for each gender was calculated to be
480, with 960 students in total.

An online questionnaire was answered by college students attending various colleges
across the university (under the Public Authority of Applied Education and Training
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(PAAET) in Kuwait). The questionnaire was distributed to students electronically, given the
restrictions imposed by the pandemic. Participants were provided with clear instructions on
how to complete the questionnaire online. The recruitment process involved contacting the
colleges’ administrations to post the recruitment letter along with the online questionnaire
on the colleges’ internet sites; teachers who were teaching online were asked by the
colleges to advise interested students to participate in the survey. Before completing
the questionnaire, students were informed of the study objectives and procedures and
consented to participate in the study. The inclusion criteria were college students (males
and females), above 17 years old, without having any disease that prevents him/her from
freely moving, and that the participant was free of any nutritional disorders.

2.2. Questionnaire and Data Collection

The questionnaire was composed of demographic variables (gender and age,) self-
reported body weight (kg) and height (cm), marital status, governorate name, the student’s
college, the college grade point average (GPA), the high school grade, as well as the lifestyle
behaviors items. The lifestyle behaviors questionnaire included questions on physical
activity, screen time, sleep duration, and dietary habits. The lifestyle questionnaire was pre-
viously validated for adolescents and young people and was previously published [22–25].
The physical activity questionnaire collected extensive data about the time and frequency of
engaging in a variety of activities related to light-, moderate-, and vigorous-intensity physi-
cal activities in different domains (leisure-type, sports, transportation like walking, and
household activities). Then, the activity was assigned a metabolic equivalent of task (MET)
based on the Compendium of Physical Activities. Physical activity then was reported either
in minutes per week or as activity energy expenditure in METs-min/week.

Body mass index (BMI) was calculated from weight and height data. Students were
also asked about their weight and height both before and during the COVID-19 pandemic.
This enabled us to assess changes in BMI and body weight during the pandemic period.
The current data used in the present study were part of a prior research project [26].

2.3. Statistical Analysis

Data were entered into an SPSS data file, checked, cleaned, and analyzed using the
SPSS program, version 22 (IBM, Chicago, IL, USA). Descriptive statistics were calculated
and presented as means and standard deviations (SD) or proportions. Cross tabulation
with chi-square tests was used to calculate the proportion (%) of changes due to COVID-19
(before versus during the pandemic) in anthropometric measurements, lifestyle factors, and
eating behaviors among the college students relative to gender. We also used multivariable
analysis to test the differences in the characteristics of those college students who lost
9 kg or more during the last 6 months of COVID-19 relative to gender (the eating-related
items contained a question asking about this issue). Bonferroni tests were used for testing
between-subjects’ effects. In addition, logistic regression analysis was used to test the
associations of selected demographic and lifestyle behaviors relative to changes in BMI
status due to COVID-19 among the college students, while adjusted for age. An alpha level
of ≤0.05 was used as the level of significance.

3. Results

The anthropometric characteristics of the participating college students, categorized
by gender, are summarized in Table 1. The study included a total of 1259 participants,
comprising 54.1% females, with a mean age (SD) of 21.5 (3.1) years. No significant age
differences relative to gender were observed (p = 0.133). However, significant gender
differences were noted in body weight, height, and body mass index (BMI), with males
exhibiting higher values (p < 0.001). Additionally, more than 10% of the participants were
married. The prevalence of overweight or obesity stood at 42%, with males having a
significantly higher rate than females (p < 0.001).
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Table 1. Descriptive characteristics of the participating college students.

Variable
All

N = 1259
Male

N = 577
Female
N = 682

p-Value *

Age (year) 21.5 ± 3.1 21.7 ± 3.1 21.4 ± 3.1 0.133

Body weight (kg) 69.5 ± 19.7 78.7 ± 21.2 61.6 ± 14.3 <0.001

Body height (cm) 165.9 ± 9.8 174.1 ± 6.7 158.9 ± 6.0 <0.001

Body mass index (kg/m2) 25.1 ± 6.3 25.9 ± 7.0 24.3 ± 5.5 <0.001
Data are means ± standard deviations; * t-test for independent samples for the differences between males
and females.

Table 2 presents the proportions (%) of changes in anthropometric and lifestyle factors
among Kuwaiti college students due to COVID-19, categorized by gender. Notably, there
were relatively equal proportions of individuals reporting decreased, increased, or no
change in body weight, BMI, and dietary habits due to COVID-19, with no significant
gender-based differences observed in the proportions of changes (decrease, increase, or no
change) in body weight (p = 0.376), BMI (p = 0.417), or dietary habits (p = 0.133). However,
more decrease (44.3%) than increase (29.2%) occurred due to COVID-19 in the proportion of
Kuwaiti college students engaging in physical activity, with no gender difference (p = 0.767).
Table 2 provides a detailed breakdown of these changes.

Table 2. Changes (%) in anthropometric and lifestyle factors due to COVID-19 among Kuwaiti
college students.

Variable Change (%) *
All

N = 1259
Male

N = 577
Female
N = 682

p-Value **

Body weight
Decrease 34.3 34.7 34.0

0.376Increase 27.3 26.2 28.3
No change 38.4 39.1 37.7

BMI
Decrease 34.3 34.7 34.1

0.417Increase 27.2 26.1 28.2
No change 38.5 39.2 37.7

Physical activity
levels

Decrease 44.3 43.2 45.2
0.767Increase 29.2 29.6 28.8

No change 26.5 27.2 26.0

Dietary habits
Deteriorated 27.9 25.8 29.6

0.133Improved 38.9 41.8 36.5
No change 33.2 32.4 33.9

* The changes indicate from before to during COVID-19. ** Chi-square tests for the differences in proportions
between males and females. Explanation: “Deteriorated” indicates that students reported worsening of dietary
habits. “Improved” means students reported better dietary habits. “No Change” implies no significant change in
dietary habits.

The proportional changes (%) in eating behaviors among college students resulting
from the COVID-19 pandemic and associated restrictions are outlined in Appendix A.
As indicated in the table, significant differences were found in the students’ responses
to most of the eating behavior questions (26 items) concerning the changes attributable
to the COVID-19 pandemic restrictions. However, there were no significant differences
in the following questions relative to students’ responses (not included in Table 3): I feel
that those around me would like me to eat more (p = 0.224), I throw up after eating foods
(p = 0.574), I take more time than others when eating my meals (p = 0.478), I feel that those
around me push me to eat (p = 0.582), Foods occupy my time and thinking (p = 0.358), I
like to have empty stomach (p = 0.060), and I feel the urge to throw up after eating meals
(p = 0.962).
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Table 3. Multivariable analysis of the characteristics of those Kuwaiti college students who lost 9 kg
or more during the last 6 months of COVID-19 relative to gender (n = 1188).

Variable Gender
Losing ≥ 9 kg during the Last 6 Months

p-Value *
Never Yes

Age (years)
Male 21.4 ± 2.9 22.1 ± 3.3 Losing 9 kg: 0.086

Gender: 0.051
Losing 9 kg by gender interaction: 0.037

Female 21.4 ± 3.2 21.4 ± 3.0
All 21.4 ± 3.1 21.7 ± 3.1

Body weight (kg)
Male 75.5 ± 20.9 84.7 ± 20.5 Losing 9 kg: <0.001

Gender: <0.001
Losing 9 kg by gender interaction: 0.052

Female 59.9 ± 13.8 64.5 ± 14.5
All 66.7 ± 18.9 74.2 ± 20.3

BMI (kg/m2)
Male 25.1 ± 6.5 27.6 ± 6.4 Losing 9 kg: <0.001

Gender: <0.001
Losing 9 kg by gender interaction: 0.643

Female 23.6 ± 5.2 25.7 ± 5.5
All 24.3 ± 5.8 26.6 ± 6.0

Screen time
(hours/day)

Male 4.6 ± 3.1 4.9 ± 3.7 Losing 9 kg: 0.988
Gender: <0.001
Losing 9 kg by gender interaction: 0.152

Female 5.8 ± 3.8 5.5 ± 4.2
All 5.3 ± 3.6 5.2 ± 4.0

Sleep duration
(hours/night)

Male 7.4 ± 1.6 7.2 ± 1.6 Losing 9 kg: 0.841
Gender: 0.051
Losing 9 kg by gender interaction: 0.228

Female 7.4 ± 1.6 7.5 ± 1.7
All 7.4 ± 1.6 7.4 ± 1.6

Total physical activity
(METs-min/week)

Male 2376.7 ± 2935.7 2700.9 ± 2832.1 Losing 9 kg: <0.001
Gender: <0.001
Losing 9 kg by gender interaction: 0.048

Female 1424.7 ± 1876.2 2350.6 ± 2416.4
All 1840.6 ± 2441.8 2519.2 ± 2627.4

Moderate-intensity
physical activity
(METs-min/week)

Male 579.4 ± 892.5 720.5 ± 1014.6 Losing 9 kg: <0.001
Gender: <0.001
Losing 9 kg by gender interaction: 0.116

Female 782.6 ± 1001.4 1118.8 ± 1442.3
All 693.8 ± 960.1 927.1 ± 1154.1

Vigorous-intensity
physical activity
(METs-min/week)

Male 1797.4 ± 2405.8 1980.5 ± 2195.4 Losing 9 kg: <0.001
Gender: <0.001
Losing 9 kg by gender interaction: 0.078

Female 642.1 ± 1233.9 1231.7 ± 1611.9
All 1146.8 ± 1926.0 1592.1 ± 1949.1

Breakfast intake
(day/week)

Male 4.0 ± 2.7 3.9 ± 2.7 Losing 9 kg: 0.671
Gender: 0.799
Losing 9 kg by gender interaction: 0.090

Female 3.8 ± 2.8 4.2 ± 2.9
All 3.9 ± 2.7 4.0 ± 2.8

Vegetables intake
(day/week)

Male 4.0 ± 2.5 4.5 ± 2.4 Losing 9 kg: 0.004
Gender: 0.992
Losing 9 kg by gender interaction: 0.578

Female 4.0 ± 2.5 4.4 ± 2.6
All 4.0 ± 2.5 4.4 ± 2.5

Fruit intake
(day/week)

Male 3.0 ± 2.3 3.5 ± 2.5 Losing 9 kg: <0.001
Gender: 0.913
Losing 9 kg by gender interaction: 0.927

Female 3.0 ± 2.4 3.5 ± 2.4
All 3.0 ± 2.4 3.5 ± 2.4

Milk/dairy products
intake (day/week)

Male 4.3 ± 2.5 4.5 ± 2.5 Losing 9 kg: 0.514
Gender: 0.225
Losing 9 kg by gender interaction: 0.833

Female 4.2 ± 2.6 4.3 ± 2.5
All 4.3 ± 2.5 4.4 ± 2.5

Sugar-sweetened drink
intake (day/week)

Male 4.0 ± 2.6 3.7 ± 2.7 Losing 9 kg: 0.023
Gender: <0.001
Losing 9 kg by gender interaction: 0.847

Female 3.5 ± 2.5 3.1 ± 26
All 3.7 ± 2.6 3.4 ± 2.7

Fast food intake
(day/week)

Male 3.4 ± 2.1 3.1 ± 2.1 Losing 9 kg: 0.001
Gender: <0.001
Losing 9 kg by gender interaction: 0.381

Female 3.1 ± 2.1 2.6 ± 1.9
All 3.2 ± 2.1 2.8 ± 2.0

French fries/potato
chips intake
(day/week)

Male 2.9 ± 2.1 2.8 ± 2.1 Losing 9 kg: 0.006
Gender: 0.434
Losing 9 kg by gender interaction: 0.071

Female 3.1 ± 2.2 2.5 ± 2.0
All 3.0 ± 2.1 2.6 ± 2.1

Cake/donuts intake
(day/week)

Male 2.3 ± 2.1 2.4 ± 2.1 Losing 9 kg: 0.101
Gender: 0.001
Losing 9 kg by gender interaction: 0.006

Female 3.1 ± 2.4 2.5 ± 2.0
All 2.7 ± 2.3 2.5 ± 2.1
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Table 3. Cont.

Variable Gender
Losing ≥ 9 kg during the Last 6 Months

p-Value *
Never Yes

Chocolates/candy
intake (day/week)

Male 3.2 ± 2.4 3.0 ± 2.4 Losing 9 kg: 0.003
Gender: 0.002
Losing 9 kg by gender interaction: 0.074

Female 3.9 ± 2.4 3.2 ± 2.3
All 3.6 ± 2.4 3.1 ± 2.3

Energy drinks intake
(day/week)

Male 1.5 ± 2.2 2.0 ± 2.4 Losing 9 kg: 0.012
Gender: 0.002
Losing 9 kg by gender interaction: 0.364

Female 1.2 ± 2.1 1.5 ± 2.3
All 1.4 ± 2.1 1.7 ± 2.3

High school grade (%)
Male 75.1 ± 8.4 75.4 ± 9.2 Losing 9 kg: 0.369

Gender: 0.171
Losing 9 kg by gender interaction: 0.146

Female 75.2 ± 8.9 73.9 ± 9.1
All 75.1 ± 8.7 74.6 ± 9.2

College GPA
Male 3.00 ± 0.56 2.95 ± 0.60 Losing 9 kg: 0.010

Gender: 0.054
Losing 9 kg by gender interaction: 0.279

Female 3.12 ± 0.61 2.98 ± 0.61
All 3.07 ± 0.60 2.97 ± 0.61

Data are means and standard deviations. * Wilks’ lambda p values for multivariable tests: age < 0.001; gender < 0.001;
losing 9 kg < 0.001; and gender by losing 9 kg interactions <0.001.

The results of the multivariable analysis, displayed in Table 3, focus on the charac-
teristics of college students who reported losing 9 kg or more during the last 6 months
of the COVID-19 pandemic. Significant interaction effects were observed for gender
by losing above 9 kg during the last 6 months in age (p = 0.037), total physical activity
in METs-min/week (p = 0.048), and cake/donuts intake (p = 0.006). Additionally, the
significant, main effects of losing above 9 kg during the last 6 months were noted in sev-
eral variables including body weight (p < 0.001), BMI (p < 0.001), total physical activity
(p < 0.001), moderate-intensity physical activity (p < 0.001), vigorous-intensity physical
activity (p < 0.001), as well as intakes of vegetables (p = 0.004), fruits (p < 0.001), sugar-
sweetened drinks (p = 0.023), fast foods (p = 0.001), French fries/potato chips (p = 0.006),
chocolates/candy (p = 0.003), and energy drinks (p = 0.012). Furthermore, college GPA was
also significantly associated with this category (p = 0.010).

Table 4 shows the results of logistic regression analysis, adjusted for age, which
explores the relationship between selected demographic and lifestyle behaviors and changes
in BMI status due to the COVID-19 pandemic among college students. A decrease in BMI
of 53% was associated with an increase in daily vegetable intake (aOR = 1.531, p = 0.031),
whereas increases in BMI of 55% and 79% were associated, respectively, with an increased
intake of sugar-sweetened drinks equal to or above 4 days/week (aOR = 1.551, p = 0.032) and
increased chocolates/candy intake of equal to or above 4 days/week (aOR = 1.792, p = 0.037).

Table 4. Logistic regression analysis of lifestyle behaviors relative to changes in BMI status due
to COVID-19.

Variable
Changes in BMI Status *

aOR (95% CI) SEE p-Value

Decrease in BMI

Age (younger age = ref) 1.024 0.967–1.084 0.029 0.424
Gender (female = ref) 0.891 0.633–1.253 0.1174 0.506
Marital status (married = ref) 1.257 0.704–2.244 0.296 0.439
Screen time (high screen time = ref) 1.00
Low screen time 0.990 0.696–1.410 0.180 0.957
Sleep duration (sufficient sleep = ref) 1.00
Insufficient sleep 0.995 0.702–1.412 0.178 0.979
Physical activity (low active = ref) 1.00
High active 1.008 0.721–1.409 0.171 0.962
Breakfast intake (non-daily intake = ref) 1.00
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Table 4. Cont.

Variable
Changes in BMI Status *

aOR (95% CI) SEE p-Value

Daily intake 1.038 0.723–1.491 0.185 0.838
Vegetables intake (non-daily intake = ref) 1.00
Daily intake 1.531 1.039–2.258 0.198 0.031
Fruit intake (non-daily intake = ref) 1.00
Daily intake 1.332 0.832–2.135 0.240 0.233
Milk/dairy products intake (non-daily intake = ref) 1.00
Daily intake 1.009 0.693–1.467 0.191 0.965
Sugar-sweetened drink intake (<4 days/week = ref) 1.00
≤ 4 days/week 0.798 0.553–1.150 0.187 0.226
Fast food intake (<4 days/week = ref) 1.00
≥4 days/week 1.092 0.706–1.689 0.223 0.693
French fries/potato chips intake (<4 days/week = ref) 1.00
≥4 days/week 0.802 0.513–1.252 0.227 0.331
Cake/donuts intake (<4 days/week = ref) 1.00
≥4 days/week 0.874 0.515–1.484 0.270 0.618
Chocolates/candy intake (<4 days/week = ref) 1.00
≥4 days/week 1.247 0.777–2.001 0.241 0.360
Energy drinks intake (<4 days/week = ref) 1.00
≥4 days/week 0.738 0.453–1.202 0.249 0.222

Increase in BMI

Age (younger age = ref) 1.011 0.952–1.074 0.031 0.717
Gender (female = ref) 0.855 0.600–1.218 0.181 0.385
Marital status (married = ref) 1.639 0.867–3.097 0.325 0.128
Screen time (high screen time = ref) 1.00
Low screen time 0.855 0.593–1.233 0.187 0.401
Sleep duration (sufficient sleep = ref) 1.00
Insufficient sleep 1.184 0.826–1.597 0.184 0.357
Physical activity (low active = ref) 1.00
High active 0.745 0.524–1.058 0.179 0.100
Breakfast intake (non-daily intake = ref) 1.00
Daily intake 0.827 0.572–1.196 0.188 0.314
Vegetables intake (non-daily intake = ref) 1.00
Daily intake 1.124 0.757–1.669 0.202 0.561
Fruit intake (non-daily intake = ref) 1.00
Daily intake 0.851 0.541–1.339 0.231 0.486
Milk/dairy products intake (non-daily intake = ref) 1.00
Daily intake 1.414 0.958–2.088 0.199 0.081
Sugar-sweetened drink intake (<4 days/week = ref) 1.00
≥4 days/week 1.551 1.039–2.314 0.204 0.032
Fast food intake (<4 days/week = ref) 1.00
≥4 days/week 1.368 0.845–2.216 0.246 0.203
French fries/potato chips intake (<4 days/week = ref) 1.00
≥4 days/week 0.736 0.455–1.191 0.246 0.212
Cake/donuts intake (<4 days/week = ref) 1.00
≥4 days/week 0.896 0.501–1.599 0.295 0.710
Chocolates/candy intake (<4 days/week = ref) 1.00
≥4 days/week 1.792 1.036–3.103 0.280 0.037
Energy drinks intake (<4 days/week = ref) 1.00
≥4 days/week 0.604 0.365–1.002 0.258 0.051

* No change was used as a reference category; aOR = adjusted odds ratio; CI = confidence interval; ref = reference
category; SEE = standard error.

4. Discussion

The COVID-19 pandemic and the subsequent measures, including lockdowns and
social distancing, had profound effects on individuals’ lifestyles and behaviors across the
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globe. While previous research predominantly focused on specific age groups such as
children, adolescents, and adults, our study uniquely examined the impact of the COVID-19
pandemic on college students’ body weight, lifestyle behaviors, and eating habits.

4.1. Impact on Body Weight and BMI

Although nearly one-third of the students in our study experienced an increase in
body weight and BMI due to the lockdowns and quarantine measures, the overall findings
did not show significant differences among those who increased, decreased, or maintained
their body weight. However, the COVID-19 lockdown resulted in weight gain among
Jordanian children and adolescents [9,27]. Additionally, among Malaysian university
students, there was a weight gain of about 3.4 kg after the first month of the COVID-19
lockdown [17]. Similarly, two systematic reviews and meta-analyses examining nearly
100 studies indicated that during the COVID-19 pandemic lockdowns there were increases
amounting to 11.1–72.4% in body weight among young adults in these studies [28,29]. It
was believed that the main cause of increased body weight among individuals during
COVID-19 lockdowns was the move to online education, which involved higher screen time
and long sitting hours along with increased food consumption and snacking [17,28–30].
Also, with lower physical activity levels, lower diet quality, and more frequent overeating,
there was a higher chance of increased BMI [31].

4.2. Changes in Lifestyle Behaviors and Eating Habits

The present findings regarding changes in lifestyle behaviors and eating habits align
with those observed in various studies conducted during the pandemic [27,32–34]. Further-
more, our research highlights significant changes in eating habits. Increased consumption
of unhealthy foods and snacks was prevalent among our participants, which is in line with
findings from various international and regional studies [32–34]. Moreover, the findings of
the current study appeared consistent with similar findings worldwide indicating that the
COVID-19 pandemic had profound effects on lifestyle and eating habits. A study carried out
on Portuguese university students showed that healthier eating habits were adopted by the
students during the lockdown period compared to a typical semester period. Such healthier
behaviors included reduced meal delivery, a lower intake of sugar, salt, and fast food, as well
as higher engagement in physical activities and more consumption of fruits, vegetables, and
legumes [35]. The decreased physical activity levels observed in our study, especially among
females, are consistent with global trends during the pandemic [27,32–34]. Nevertheless,
contrary to many other studies’ findings, studies from Italy [36] and Portugal [10] found a
greater adherence to engaging in physical activity during the lockdown period.

The above changes, due to the COVID-19 lockdown, can be attributed to various fac-
tors such as increased stress, boredom, and greater access to unhealthy foods at home [37].
The absence of social interaction, especially among young college students, could lead to
increased stress, anxiety, and even depression [18]; such feelings of isolation might elicit
emotional eating in order to relieve adverse feelings [38].

Notably, our study indicates that most participants reported changes in eating habits,
underscoring the widespread impact of the pandemic on dietary behaviors. Lockdown can
bring about some healthy eating behaviors. Eating habits of college students from Tabriz
(Iran) were characterized by an increase in a regular meal pattern and balanced diet, milk or
its products, and egg or meat in the diet, as well as by a reduction in fast food intake, fried
food, potato chips, and sugar-sweetened drinks. However, the students reported increases
in weight gain, screen and sitting time, and sleep duration, as well as declined physical
activity and higher stress or anxiety levels during the COVID-19 pandemic [37]. Similar
studies carried out in Italy, Spain, Romania, and Latin America showed some improvement
in dietary habits including an increased intake of fruits, vegetables, yogurt, legumes, and
eggs during the lockdown period [36,39–41].

The findings of the present study do not agree with results found in a study conducted
on adults from the UK, which showed a higher number of participants reporting more nega-
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tive changes in their eating habits, including more frequent snacking, during the COVID-19
confinement compared to the pre-lockdown period [30]. In addition, a Portuguese study,
conducted on adults, observed that the majority of the participants consumed more foods
rich in fat and salt and sugar-sweetened beverages during the restriction period compared
to pre-pandemic [10].

4.3. Sleep Patterns and Academic Achievement

Sleep duration, an essential component of overall health, also experienced alterations
during the pandemic. We observed that a substantial number of students reported shifts in
their sleep patterns, with many experiencing later bedtimes and wake times. This pattern
mirrors the changes in daily routines brought about by remote learning and reduced social
commitments, as seen in other studies [32,33]. Despite that, our findings did not show any
significant changes in sleep duration relative to a decrease or increase in weight or BMI.
However, the interaction of sleep duration, BMI, and lifestyle factors is quite complex, as
exhibited in our current study.

Our findings on academic achievement reveal a mixed picture. While some students
reported improvements in academic performance due to the flexibility of online learning,
others experienced challenges related to motivation and concentration. These variations
may be attributed to individual differences in adapting to remote learning environments as
well as the overall impact of the pandemic on mental health and stress levels [7,8,34].

4.4. Gender Differences

Aside from the pandemic, it is well recognized that women on average report more
physical and mental unhealthy days per year than men [42]. However, reports indicate that
women are at a reduced risk of severe disease and death with SARS-CoV-2 infection than
men [43,44]. Gender differences in our study show that there were greater changes among
females in their body weight, physical activity, and sleep patterns. These gender differences
align with the observations made by Al Hourani et al., who noted significant increases in
body weight among females [27]. In addition, recent studies observed some differences in
gender-related health risks resulting from COVID-19 pandemic restrictions [20,21]. Further, the
psychological abuse of women as a type of violence reportedly increased significantly during
the lockdown [45].

4.5. Strengths, Limitations, and Future Research

The current research strengths included a large sample of male and female college
students from a variety of colleges and the use of a validated lifestyle questionnaire.
However, our study is not without limitations. One notable limitation is the use of self-
reported data for variables such as body weight and height, which may introduce reporting
bias due to a social desirability effect. Additionally, there is a small chance that the sample
may not be fully representative of all Kuwaiti college students, although we targeted all
college students when recruiting participants.

Future research could involve more objective measures, such as clinical assessments
of body composition and the use of accelerometers for the assessment of physical activity,
sedentary behaviors, and sleep, to mitigate the limitations associated with self-reported
data. Longitudinal studies are also warranted to assess the long-term consequences of the
observed lifestyle changes and their impact on the health and well-being of college students.

5. Conclusions

As the result of a major epidemic, such as COVID-19 restrictions, college students
appear to be susceptible to significant changes in lifestyle and eating behaviors that can
impact their health and well-being. To the best of our knowledge, the current research is
the first study that reported about the effects of the COVID-19 pandemic on body weight,
lifestyle behaviors, and eating habits among college students in the State of Kuwait using a
fairly large and representative sample. The COVID-19 pandemic has profoundly impacted
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the lives of college students in Kuwait, manifesting in significant changes in anthropometry,
lifestyle behaviors, and dietary habits. This study, despite its local focus, contributes to the
growing body of literature on the pandemic’s effects, emphasizing the need for tailored
interventions and ongoing research. The pandemic’s influence on body weight and BMI is
evident, with nearly 30% of college students showing an increase in body weight and BMI.
Reduced physical activity levels, dietary changes, disrupted sleep patterns, and variations
in academic performance further underscore the comprehensive impact.

Future risks for college students’ health can be reduced through appropriate lifestyle
interventions, hence, promoting healthier lifestyle behaviors and dietary habits among
college students during crises. These interventions should be multidimensional, addressing
not only the physical health but also the psychosocial well-being of students. While our
research provides valuable insights into the specific context of Kuwaiti college students,
more extensive investigations are warranted to explore the underlying mechanisms and
long-term implications of these changes. Collaboration among policymakers, educators,
healthcare professionals, and parents is essential to foster a healthier environment for
college students amid and beyond the pandemic.
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Appendix A

Table A1. Responses to questions related to eating behaviors as a result of changes in body weight
due to COVID-19 among Kuwaiti college students.

Variable Response Choice

Change in Weight Due to COVID-19 (%)

p-ValueDecreased
N = 432

Increased
N = 344

No Change
N = 483

I am scared of being overweight

Never 12.5 16.3 29.4

<0.001
Rarely 6.5 8.4 14.7
Occasionally 19.2 16.0 14.3
Mostly 22.0 24.7 17.6
Always 39.8 34.6 24.0

49



Nutrients 2023, 15, 4773

Table A1. Cont.

Variable Response Choice

Change in Weight Due to COVID-19 (%)

p-ValueDecreased
N = 432

Increased
N = 344

No Change
N = 483

I avoid eating if I am hungry

Never 27.8 18.6 31.1

0.001
Rarely 20.8 17.2 20.1
Occasionally 26.9 34.6 22.8
Mostly 19.7 23.3 21.7
Always 4.9 6.4 4.3

I have difficulty stopping eating

Never 26.6 35.8 49.1

<0.001
Rarely 17.8 25.9 17.4
Occasionally 23.8 17.7 15.1
Mostly 15.8 13.1 13.0
Always 13.2 7.6 5.4

I eat my meals as several
small snacks

Never 39.8 28.5 31.7

0.005
Rarely 18.3 18.9 17.8
Occasionally 21.1 20.1 23.4
Mostly 12.3 19.5 18.4
Always 8.6 13.1 8.7

I know the calories of my
eaten foods

Never 51.6 31.1 49.3

<0.001
Rarely 14.4 14.0 12.6
Occasionally 13.9 18.9 12.8
Mostly 13.0 19.2 15.9
Always 7.2 16.9 9.3

I avoid carbohydrate-rich foods
(like bread, potato, and rice)

Never 42.4 33.4 45.3

0.003
Rarely 16.9 16.0 14.7
Occasionally 20.6 20.3 15.9
Mostly 14.6 19.8 18.4
Always 5.6 10.5 5.6

I feel guilty after eating

Never 32.2 32.6 55.1

<0.001
Rarely 13.4 13.4 12.0
Occasionally 18.8 22.7 11.0
Mostly 16.0 17.2 12.2
Always 19.7 14.2 9.7

I am obsessed with the desire to
be thin

Never 16.4 20.3 44.3

<0.010
Rarely 6.5 7.6 8.3
Occasionally 13.7 13.7 11.6
Mostly 15.0 17.7 13.9
Always 48.4 40.7 21.9

I think about burning calories when
doing exercise

Never 14.6 16.9 32.5

<0.001
Rarely 7.9 4.4 6.6
Occasionally 12.0 11.0 13.5
Mostly 24.5 21.2 20.3
Always 41.0 46.5 27.1

People think I am very skinny

Never 35.9 31.1 26.3

0.035
Rarely 10.6 12.8 9.9
Occasionally 16.9 16.0 15.9
Mostly 19.0 19.8 22.6
Always 17.6 20.3 25.3

I am obsessed with the idea that I
have fats in my body

Never 14.1 15.7 30.6

<0.001
Rarely 9.0 6.1 10.8
Occasionally 15.5 18.3 16.6
Mostly 22.2 23.3 18.2
Always 39.1 36.6 23.8
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Table A1. Cont.

Variable Response Choice

Change in Weight Due to COVID-19 (%)

p-ValueDecreased
N = 432

Increased
N = 344

No Change
N = 483

I avoid foods with sugar

Never 29.2 18.0 33.5

<0.001
Rarely 18.8 13.1 17.2
Occasionally 27.8 27.6 23.0
Mostly 17.6 25.6 19.5
Always 6.7 15.7 6.8

I eat diet foods

Never 39.1 28.2 41.4

<0.001
Rarely 16.7 14.5 16.8
Occasionally 24.1 21.2 19.0
Mostly 16.2 23.3 16.8
Always 3.9 12.8 6.0

I feel that diet is controlling my life

Never 26.4 26.5 37.2

0.001
Rarely 10.9 11.6 12.2
Occasionally 17.4 20.1 16.8
Mostly 25.2 19.5 19.9
Always 20.1 22.4 14.1

I can control myself in front
of foods

Never 20.8 11.9 24.2

0.001
Rarely 11.1 11.9 10.8
Occasionally 25.0 21.5 19.7
Mostly 26.9 31.7 24.6
Always 16.2 23.0 20.7

I do not feel comfortable after
eating sweets

Never 30.3 27.0 34.2

0.007
Rarely 14.6 13.4 15.3
Occasionally 22.0 20.3 18.2
Mostly 13.7 20.6 20.1
Always 19.4 18.6 12.2

I practice certain dietary behaviors

Never 43.1 30.8 51.1

<0.001
Rarely 14.6 13.1 12.2
Occasionally 19.2 15.7 14.1
Mostly 16.0 24.1 14.1
Always 7.2 16.3 8.5

I enjoy eating new fatty foods

Never 5.2 5.6 6.8

0.020
Rarely 16.0 21.8 14.7
Occasionally 21.5 21.8 25.5
Mostly 25.7 21.2 22.2
Always 21.8 14.8 20.5
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Abstract: Background: The COVID-19 pandemic forced Saudi Arabia to implement several measures
including mandatory home confinement, banning entry to many cities, and suspending religious
activities. Studies have reported inconsistent findings of the effect of home confinement on lifestyle
factors. This study aims to assess the psychological impact of COVID-19 during home confinement
and explore its association with dietary habits and weight change. Methods: A cross-sectional study
was conducted among Saudi adults using an online survey between May and June 2020. Data
on dietary habits, sleep quality, and stress were collected. Results: A total of n = 503 participants
responded. Of 254 analyzed, 87% were females, 49% were overweight/obese (body mass index
(BMI) ≥ 25 kg/m2), and 79% were under lockdown for >40 days. In multiple linear regression,
higher stress scores during confinement were associated with higher stress scores before confinement
and poorer sleep quality. In multiple logistic regression, those who did not eat at the same time
had higher stress scores compared to those who always ate at the same time, whereas consuming
≥three meals was associated with lower stress scores than consuming one–two meals. The odds
of gaining weight during confinement were higher among married adults, those with lower sleep
quality, and consuming ≥three meals. Conclusions: Stress during home confinement was associated
with eating misalignment and the number of meals consumed. Although this study was limited by
its cross-sectional design and reliance on self-reported data, it provides valuable insights into the
dietary habits and weight-gain associated factors that need to be further explored and addressed in
any future restrictions for improved well-being.

Keywords: COVID-19; Saudi Arabia; dietary habits; eating misalignment; weight; home confinement;
curfew; lockdown; stress; sleep quality

1. Introduction

On 11 March 2020, the World Health Organization designated the coronavirus disease
of 2019 (COVID-19) emergency to be a global pandemic [1]. Many governments of countries
that were extensively affected implemented policies that restricted social communication
to limit COVID-19 spread, including Saudi Arabia [2]. Saudi Arabia implemented a
range of measures including a curfew, mandatory home confinement, banning entry to
many cities, and suspending religious activities starting 9 March 2020 [2]. Despite the
success in controlling COVID-19 spread, the mandated restrictions adversely affected
lifestyle behaviors, such as poor sleep quality, poor dietary habits, socioemotional disorders,
weight gain, increased screen time, and lack of physical activity in several countries [3–6].
Therefore, studying the impact of home confinement on lifestyle behaviors is essential to
prevent adverse changes in future pandemics.

Several studies reported mental health problems during the COVID-19 pandemic [7,8].
The main mental health stressors during the quarantine included the duration of the quar-
antine, fears of infection, frustration and boredom, inadequate supplies, and inadequate
information [9]. Stress can lead to health problems including an increase in blood pressure,
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blood glucose, and body weight. Studies have shown that persistent stress weakens the
immune system via increasing glucocorticoids and pro-inflammatory biomarkers, such
as interleukin-6 [10]. Higher cortisol levels are associated with a greater consumption of
foods, and thus weight gain [11]. Consequently, assessing the impact of stress on dietary
behaviors during home confinement needs to be addressed.

Several studies have demonstrated heterogeneity in eating behaviors and weight
change in response to stress; some people eat more when stressed while others eat less.
Moreover, different factors during COVID-19 lockdowns could influence the relationship
between stress and dietary habits or weight gain, including alterations in physical activity,
screen time, sleep quality, and employment status. Higher stress has been generally
associated with increased caloric intake, snacking, and consumption of high fat/sugar
foods [12]. However, the consumption of homemade meals and breakfast throughout the
pandemic increased, and the percentage of those eating mostly fast food and skipping meals
decreased [13–17]. Whether dietary changes during the COVID-19 pandemic were stress-
related is not clearly understood. Individuals who reported restricted eating, skipping
meals, or overeating during the pandemic reported having higher stress levels, after
adjusting for sex, age, race, ethnicity, employment, marital status, the region in the US, and
BMI [18]; sleep quality during the outbreak and stress level before confinement were not
accounted for, which could influence the relationship [16,19].

Increased sitting and screen time, and exposure to stress related to lockdown were
correlated with weight increase [17,20], but these studies did not control for potential con-
founders. Perceived stress scores during the COVID-19 outbreak were not associated with
weight increase among women in Riyadh, after adjusting for age, education, sleep quality,
physical activity, and baseline stress [16]. A study on U.S. adults reported that weight gain
did not correlate with perceived stress scores in bivariate analysis [21]. Some studies have
reported better sleep, increased physical activity, and improved diet quality during the
pandemic [4,13,14], while others reported worsened lifestyle changes. According to a study
conducted on 838 U.S. adults during the last week of April 2020, mean stress scores, as
measured by the perceived stress scale, varied by ethnic groups, were higher among people
who had part-time jobs, were single, and were younger than 35 years [18]. Inconsistent
results between studies could be due to the lack of controlling for such confounding factors,
and more research is needed to explore the relationship between stress and changes in
dietary habits and weight status. Therefore, the present study aimed to explore the psycho-
logical impact of COVID-19 home confinement on dietary habits and weight change taking
into consideration changes in sleep quality and physical activity.

2. Materials and Methods

2.1. Study Design

This was a cross-sectional study conducted during the COVID-19 lockdown in Saudi
Arabia. Restrictions during COVID-19 were updated almost weekly, with the months of
mid-March to May 2020 involving a 24-h curfew and forcing people into home confinement.
During home confinement, individuals were not allowed to leave their houses except with
an electronic permit [2]. Permit types differed, but all were obtained through a mobile
app (Tawakkalna) [22]. Healthcare workers and some employees had exceptions during
these lockdowns; however, the majority of the population was under home confinement.
Social distancing measures included keeping a distance of at least 1.5 m between people,
prohibiting all public gatherings (including religious activities), limiting attendance at
private events like weddings and funerals to five people, and forbidding meetings with
more than one person who is not a member of one’s immediate family. As part of the
lockdown procedures, eating establishments, a number of retail stores, and access to
outdoor parks were all prohibited.

A 118-item online survey was administered using Google Form® in Arabic and English
languages, which included information on sociodemographic, home confinement, health,
sleep quality, stress, physical activity, and eating habits. Several questions were presented
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in a distinguishing formula with questions that focused on change that occurred “during”
compared to “before” the confinement period. Responses after June 2020 were excluded,
as several restrictions were lifted on 21 June. Only adults (>18 years) who were living in
Saudi Arabia at the time of the survey were included. Pregnant and lactating women were
excluded because of their altered stress level, sleep quality, and dietary habits [23–25].

2.2. Dietary Habits and Physical Activity

A few questions on dietary habits were administered, such as the usual number
of main meals consumed, usual number of snacks consumed, frequency of eating at
restaurants or take-away or delivered food, frequency of having meals at the same time,
and weight change during confinement compared to before confinement. Physical activity
was assessed using three questions from the short form of the International Physical Activity
Questionnaire [26]. A question on screen time was included by asking about the duration
spent in front of screens (phone, computer, TV, etc.) before and during confinement. Body
weight and height were self-reported and Body Mass Index (BMI) was calculated as weight
(kg)/height (m)2. BMI was classified into 3 categories: underweight (<18.5 kg/m2), healthy
weight (18.5–24.9 kg/m2), and overweight/obese (≥25 kg/m2) [27].

2.3. Sleep Quality and Stress Assessment

Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI). Each
element was given a score between 0 and 3, with a total score ranging from 0 to 21. Higher
scores indicate disturbed sleep. Perceived sleep quality was assessed using the Pittsburgh
Sleep Quality Index (PSQI). Each element was given a score between 0 and 3, with a
total score ranging from 0 to 21. Higher scores indicate disturbed sleep [28]. Questions
on stress were adopted from the depression subscale in the Calgary Symptoms of Stress
Inventory (C-SOSI). The C-SOSI includes 56-item scale and 8 domains (sub-scales). One of
the sub-scales, relating to the variety of emotions that accompany depression, was used
as an indicator of affective stress responding to home confinement [29]. Questions on the
subscale were formatted to “before” and “during” confinement. Response options were
as follows: 0 = never, 1 = almost never, 2 = sometimes, 3 = most of the time, 4 = almost
always. The total sum of the subscale score was used with higher scores indicating higher
stress levels.

2.4. Statistical Analyses

Descriptive statistics were used to define means SD, medians [25th, 75th percentiles],
or proportions. To assess differences in continuous variables before and during the confine-
ment period, paired sample t-tests or Wilcoxon test were used as appropriate. McNemar’s
test was used to compare categorical variables before and during confinement. Multiple
linear regression was used to determine factors associated with stress during confinement.
Logistic regression was used to assess the association between dietary habits and weight
change (categorical outcomes) with stress scores and other factors. Models were adjusted
for potential confounding variables; variables were included in the model if they had a
bivariate correlation of p ≤ 0.2 with the outcome. The number of events in the outcome
was taken into consideration to limit the number of independent variables included in the
logistic regression models [30]. All dietary habit models were adjusted for the dietary habit
before confinement and fasting during Ramadan. During Ramadan, Muslims abstain from
food and drink between dawn and dusk, with the exception of children under puberty,
pregnant and lactating women, the sick and debilitated, and those who are traveling. All
data were analyzed using Stata software version SE/14.2 for Mac (Stata Corp., College
Station, TX: StataCorp LP) and the statistical significance was set to p < 0.05.

3. Results

Overall, n = 503 participants responded to the survey from 16 May to 28 June 2020. A
total of 119 participants (n = 119) were excluded as they were not living in Saudi Arabia
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at the time and we wanted to minimize variability that could be attributed to differences
in countries’ restrictions. Participants <19 years old (n = 5), pregnant women (n = 8),
breastfeeding women (n = 19), and those who were not under home confinement (n = 37)
were excluded. After removing duplicates in Stata (n = 61), the final sample for analysis
was n = 254 and their responses were received between 16 May and 12 June 2020.

Participants’ characteristics are shown in Table 1. Mean ± SD age was 31.7 ± 8.8 years.
The majority of the participants were females (87%), had a bachelor’s degree or higher
(91%), and almost half were married (48%). Moreover, most respondents were Saudis
(88%), over half were from the Western region (67%), and 45% had children. The mean ±
SD BMI was 26.2 ± 6.5 kg/m2, and 49% of the participants were classified as overweight
or obese. About 60% (n = 153) of the participants reported a change in their weight during
confinement; 30.7% reported losing weight, while 29.5% reported gaining weight.

Table 1. General characteristics of the study participants.

Parameter Total (n = 254)

Age, years 31.7 ± 8.8
Females 199 (78.4)
Marital status

Single 121 (47.6)
Married 123 (48.4)
Separated/divorced 10 (3.9)

Lockdown > 40 days 201 (79.1)
Living region

Western Region 171 (67.3)
Central Region 49 (19.3)
Eastern Region 22 (8.7)
Others 12 (4.7)

Education (BSc. Degree or higher) 231 (91.0)
Employment status

Government 77 (30.3)
Private sector 40 (15.8)
Student 65 (25.6)
Unemployed 35 (13.8)
Other 37 (14.6)

Has children 114 (44.9)
Nationality

Saudi 224 (88.2)
Current smokers 34 (13.4)
BMI, kg/m2 26.2 ± 6.5

Underweight, BMI < 18.5 20 (7.9)
Healthy weight, 18.5 ≤ BMI < 25 109 (42.9)
Overweight obesity, BMI ≥ 25 125 (49.2)

Weight change during confinement
Increased 75 (29.5)
Decreased 78 (30.7)
Same/do not know 101 (39.8)

Data are presented as n (%) except for age and BMI as mean ± SD.

3.1. Changes in Stress and Lifestyle Factors during Home Confinement

Stress components before and during home confinement are presented in Figure 1.
Comparisons of stress scores, dietary habits, and other lifestyle factors before and during
home confinement are shown in Table 2. Mean ± SD stress scores (depression subscale)
during home confinement were higher than before home confinement (12.8 ± 7.5 vs.
10.7 ± 7.3, p < 0.0001). Similarly, the mean ± SD PSQI scores were higher during home
confinement compared to before, indicating poorer sleep quality (7.3 ± 3.5 vs. 6.3 ± 3.3,
p < 0.0001). For physical activity, the median number of days spent in walking for at least
10 min was reduced from 2 days before confinement to 1 day per week. However, no
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significant differences were observed in days spent engaging in moderate or vigorous
activities before and during home confinement. Screen time was significantly different
during home confinement compared to before; 58% reported spending more than 6 h
on their phones, computers, TV, etc. during home confinement compared to 24% before
confinement (p < 0.001).

 

Figure 1. Percentages of stress responses before and during home confinement. All components were
statistically significant (p < 0.001) before and during confinement, except for “wished were dead”),
using Wilcoxon signed-rank test.

Some dietary habits have significantly changed during home confinement compared
to before home confinement (Table 2). The proportions of adults consuming ≥three meals
compared to one–two main meals decreased during home confinement, whereas consuming
≥two snacks per day increased during home confinement. Moreover, participants were
less likely to consume outside food (restaurants, take-away, or delivered food) or eat at the
same time during home confinement compared to before. There was no significant change
in supplement use during home confinement compared to before confinement.
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Table 2. Stress and lifestyle factors before and during home confinement.

Parameter Before During p-Value

Stress score 10.7 ± 7.3 12.8 ± 7.5 <0.0001

PSQI score 6.29 ± 3.27 7.28 ± 3.50 <0.0001

Physical activity
Days of vigorous activity 0 (0, 2) 0 (0, 2) 0.703
Days of moderate activity 0 (0, 2) 0 (0, 2) 0.506
Days of walking for at least 10 min 2 (0, 4) 1 (0, 3) <0.001

Screen time
Never 4 (1.6) 1 (0.4) <0.001
1–3 h 84 (33.1) 28 (11.0)
4–6 h 105 (41.3) 77 (30.3)
>6 h 61 (24.0) 148 (58.3)

Number of snacks
<2 snacks 132 (52.0) 116 (45.7) 0.048
≥2 snacks 122 (48.0) 138 (54.3)

Eating at the same time <0.001
Always/most of the time 173 (68.1) 139 (54.7)
Sometimes 61 (24.0) 81 (31.9)
Never/almost never 20 (7.9) 34 (13.4)

Supplement use
Yes 139 (54.7) 144 (56.7) 0.424
No 115 (45.3) 110 (43.3)

Main meals 0.012
1–2 meals 128 (50.4) 152 (59.8)
≥3 meals 126 (49.6) 102 (40.2)

Eating outside foods <0.001
Never/less than once a week 95 (37.4) 217 (85.4)
1–2 per week 111 (43.7) 26 (10.2)
≥3 per week 48 (18.9) 11 (4.3)

Data are presented as mean ± SD (for stress) and median (25, 75th percentile) for physical activity. McNemar’s
test was used to compare proportions. Paired t-test was used to compares stress and PSQI scores before and
during confinement, while Wilcoxon signed-rank test was used for physical activity.

3.2. Predictors of Stress Scores during Confinement

Factors associated with total stress scores during confinement are shown in Table 3.
Bivariate analysis showed that higher stress scores during confinement were associated
with higher stress scores before confinement, poorer sleep quality, and weight change.
However, lower stress scores during confinement were reported by those who spent more
days walking and those who have children compared to those who do not have children. In
multiple linear regression, only variables that have a p-value < 0.2 in the bivariate analyses
were included in the model. Sleep quality during confinement, days spent in walking
during confinement, and stress scores before confinement remained significantly associated
with stress scores during home confinement.

3.3. Stress Scores and Eating Habits during Confinement

The association between stress scores during home confinement and eating habits
is presented in Table 4. Higher stress scores during home confinement were associated
with never/almost never eating food at the same time during confinement, as well as
(sometimes) compared to eating food at the same time always or most of the time, adjusting
for eating time variable before confinement. Stress scores during confinement remained
significantly associated with eating at the same time after adjusting for smoking, sleep
quality during confinement, currently fasting during Ramadan, and eating at the same time
variable before confinement. Those who never eat at the same time during confinement
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were more likely to be smokers [OR (95% CI): 5.16 (1.66, 16.00)] and had poorer sleep
quality [OR (95% CI): 1.16 (1.02, 1.33)] compared to those who always eat at the same time.

Table 3. Linear regression of stress scores during home confinement with participants characteristics
and lifestyle factors.

Parameter
Bivariate

B (95% CI)
Multiple

B (95% CI)

Age, year −0.096 (−0.20, 0.01) −0.03 (−0.12, 0.05)
Sex ---

Female 0
Male −1.24 (−3.51, 1.02)

Married (yes vs. no) −1.04 (−2.91, 0.82) ---
Has children (yes vs. no) −1.97 (−3.83, −0.10) * 0.22 (−1.30, 1.74)
Current smoker (yes vs. no) 0.31 (−2.43, 3.06) ---
Region

Western region 0 0
Central region −0.49 (−2.88, 1.91) −0.28 (−1.86, 1.31)
Eastern region −0.57 (−3.92, 2.78) −0.37 (−2.55, 1.81)
Others 5.00 (0.58, 9.41) * −0.14 (−3.05, 2.78)

Education (BSc. or higher) 0.64 (−2.61, 3.90) ---
Employment status ---

Government 0
Private −0.36 (−3.28, 2.55)
Student −0.02 (−2.54, 2.50)
Others −0.55 (−3.00, 1.90)

BMI 0.00 (−0.14, 0.15) ---
Weight change (yes vs. no) 1.93 (0.04, 3.82) * 0.91 (−0.37, 2.19)
Stress scores before confinements 0.74 (0.65, 0.83) ** 0.67 (0.58, 0.76) **
PSQI during confinement 0.93 (0.69, 1.17) ** 0.53 (0.34, 0.71) **
Days of walking for at least 10 min −0.44 (−0.84, −0.03) * −0.42 (−0.69, −0.15) **

* p < 0.05; ** p < 0.01.

Table 4. Association of stress scores with eating habits during home confinement.

Outcome
Model 1

OR (95% CI)
p Model 2

OR (95% CI)
p

(A) Eating at the same time

Always/most of the time 1 (reference group) 1 (reference group)
Sometimes 1.07 (1.02, 1.11) 0.002 1.07 (1.02, 1.12) 0.005
Never/almost never 1.11 (1.05, 1.18) <0.001 1.09 (1.02, 1.16) 0.008

(B) Number of main meals

1–2 meals 1 (reference group) 1 (reference group)
≥3 meals 0.94 (0.91, 0.98) 0.002 0.95 (0.91, 0.99) 0.013

(C) Eating outside food

Never/less than once a week 1 (reference group) 1 (reference group)
1–2 times per week 0.96 (0.90, 1.02) 0.201 0.95 (0.89, 1.02) 0.148
≥3 times per week 1.12 (1.03, 1.22) 0.009 1.08 (0.99, 1.19) 0.076

Logistic regression (n = 254) was used for all outcomes: A, B, and C. Model 1 is adjusted for dietary habits before
home confinement. Model 2 is adjusted for (A) smoking, sleep quality, fasting during Ramadan, and eating time
before home confinement; (B) age, smoking, sleep quality during confinement, currently fasting during Ramadan,
and the number of meals before confinement; (C) sex, BMI, marital status, sleep quality during confinement,
currently fasting during Ramadan, smoking, and eating outside before confinement. An OR of 1.11 indicates that
the odds of never/almost never eating at the same time during home confinement are 1.11 times higher with
1-unit increase in stress scores after holding smoking, sleep quality, fasting during Ramadan, and eating time
before home confinement at fixed values.

Participants who reported consuming ≥three meals during confinement had lower
stress scores during confinement than those who reported consuming one–two meals, ad-
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justing for the number of meals before confinement. This relationship remained significant
after adjusting for age, smoking, sleep quality during confinement, currently fasting during
Ramadan, and the number of meals before confinement. Consuming outside food (take
away, dine out, or delivery) ≥three times per week during confinement was associated with
higher stress scores compared to those who reported never consume outside food or less
than once a week. This, however, was not significant when adjusting for sex, BMI, marital
status, sleep quality during confinement, currently fasting during Ramadan, and smoking.

Gaining or losing weight during confinement was not associated with stress scores
during confinement in the bivariate analyses. The odds of gaining weight during confine-
ment was associated with fewer days spent walking for at least 10 min, being married,
poorer sleep quality, and consuming ≥three meals compared to one–two meals during
confinement (Table 5). Higher odds of losing weight were associated with more days spent
doing moderate activity, whereas losing weight was less likely with consuming ≥three
meals compared to one–two meals during confinement.

Table 5. Predictors of weight gain or loss during home confinement.

Variables OR (95% CI) p

Weight Gain (reference: no weight gain)

BMI, kg/m2 1.03 (0.98, 1.08) 0.211
Sex (male vs. females) 1.54 (0.77, 3.08) 0.224
Married (yes vs. no) 2.40 (1.31, 4.42) 0.005
PSQI during confinement 1.10 (1.01, 1.20) 0.025
Days of walking for at least 10 min 0.82 (0.70, 0.95) 0.007
Number of snacks (≥2 snacks vs. <2 snacks) 1.83 (0.98, 3.42) 0.056
Number of main meals (≥3 meals vs. 1–2 meals) 1.76 (0.95, 3.26) 0.07

Weight loss (Reference: no weight loss)

Age, years 0.97 (0.93, 1.02) 0.228
Married (yes vs. no) 0.93 (0.46, 1.87) 0.833
Number of main meals (≥3 meals vs. 1–2 meals) 0.36 (0.19, 0.67) 0.001
Current smoker (yes vs. no) 0.49 (0.19, 1.29) 0.149
Days of moderate Activity 1.25 (1.07, 1.46) 0.004

Multinomial logistic regression (n = 254) was used.

4. Discussion

Restrictions imposed to control the COVID-19 pandemic have been reported as neg-
atively affecting lifestyle habits in many countries. These restrictions, however, differed
between countries and researchers are still exploring the different impacts to tackle adverse
effects on the individual’s well-being in future lockdowns. In this sample of Saudi adults,
the majority had been under home confinement for >40 days and reported poorer sleep
quality, higher stress scores, and altered dietary habits compared with before confinement.
During home confinement, more people consumed only one–two meals, never consumed
outside food, and consumed ≥two snacks per day. Higher stress scores during home
confinement were associated with never consuming food at the same time, whereas lower
stress scores were associated with consuming ≥three meals compared to one–two meals.
Weight gain was more likely among those who were married and had poorer sleep quality,
but less likely with more days spent in walking.

Approximately 68% of study participants aged 35 years or younger and the majority
of our sample were from the Western region that faced more strict regulations, including
a 24-h curfew, compared to the rest of the country [2,31], making it an extreme case.
However, stress scores during home confinement did not differ between individuals living
in the Western region compared to the remainder who did not live in the Western region.
The “other regions” category mainly represented participants from the Southern region,
which showed higher stress scores during confinement compared to other regions. This
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relationship did not hold when adjusting for stress scores before confinement, indicating
that the stress level before confinement drove the relationship.

We found higher stress scores during home confinement than before confinement, which
is in line with previous reports in the Saudi population and other countries [6,13,16,18,19].
High stress scores before confinement predicted high stress scores during confinement, an
observation that is expected but not previously reported in the context of COVID-19. As
expected, stress during confinement was higher with poorer sleep quality, independent
of stress level before confinement. Similar findings were reported during COVID-19
lockdown [19,32–34]. Sleep and stress can be bidirectional, with stressors affecting sleep
quality and vice versa. Interestingly, those who had children reported lower stress scores
during confinement than those who did not have children in bivariate analyses. A study
of 4920 healthcare providers in Saudi Arabia during the pandemic reported lower anxiety
levels among healthcare providers who have children, but not when adjusting for potential
confounders [35]. A study on 838 U.S. adults during the last week of April 2020 reported
that mean stress scores, as assessed using the Perceived Stress Scale, differed by ethnic
group and were higher among those with part-time jobs, those who were unmarried, and
those who were under 35.

Food is a major factor in determining health, and the stress caused by the pandemic
influenced how people eat. Several studies have reported changes in dietary habits, but
very few have used measures of stress to explore its effect on diets. In our study, dietary
habits have changed during the COVID-19 pandemic, including more snacking, variation
in the time of eating, fewer main meals, and reduction in consuming foods from outside the
home. Some of these changes were associated with higher stress scores during confinement.
The frequency of eating food from outside the home was reduced during confinement,
similar to other studies in Saudi Arabia [36], which was to be expected given the uncertainty
surrounding the safety of outside food in the pandemic and whether the virus could be
transmitted through food. Interestingly, those who consumed outside food ≥3 times per
week during the confinement tended to have higher stress scores, adjusting for consuming
outside food before the pandemic. This relationship was not significant when adjusting
for sex, BMI, marital status, sleep quality during confinement, currently fasting during
Ramadan, and smoking, but worth further investigation.

In addition to the variation in the time of eating during confinement, higher stress
scores during home confinement seem to disturb the day-to-day timing of consuming food.
Those who reported never consuming the meals at the same time (eating misalignment)
had higher stress scores even after adjusting for smoking, sleep quality, fasting during
Ramadan, and dietary habits before home confinement. Stress generally has been reported
to affect the quantity of food consumed and food choices [12,37,38], but its impact on eating
misalignment is not well-established. The consumption of food at times that contradict
our circadian system may have implications for weight status and metabolic health [39,40],
and disrupt the synchronization of peripheral clock tissues, such as the liver, leading to
metabolic dysfunction [41]. Studies have suggested that shift workers, who often experience
circadian misalignment due to irregular sleep–wake and eating patterns, are at an increased
risk of developing metabolic syndrome and cardiovascular disease [42]. We believe that no
other studies have explored the relationship between stress and consuming meals at set
times during the pandemic and this need to be confirmed in other populations, taking into
consideration multiple factors [43].

During home confinement, fewer people consumed ≥three meals but more consumed
≥two snacks per day, which could be attributed to skipping meals, as previously re-
ported [6]. However, conflicting findings have been reported on skipping meals. A study
in the United Arab Emirates reported lower rates of skipping meals during lockdown and
that the lack of time was the main reason for skipping meals before lockdown [13]. A lack
of appetite may be the main contributor to skipping meals during the pandemic [6,13].
After adjusting for confounders, mean stress scores remained lower among those who
consumed ≥three meals than one–two meals. Similarly, stress in US adults was associated
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with reducing meals more during the pandemic compared to before [18]. Increased control
of over-eating during the lockdown was negatively associated with anxious feelings, but
not with depressed mood in Italian adults; questions on anxiety and depression were ex-
trapolated from the Hamilton Anxiety Rating Scale and the Hamilton Depression Scale [44].
Nearly twice the increase in reported anxiety among adults from several countries were
observed in association with a perceived change toward unhealthy eating in bivariate
analyses [17].

A study on n = 1047 adults from several countries reported that unhealthy eating habits
and poor sleep were linked to low mental wellness, life dissatisfaction, and high levels of
depressive symptoms using multiple questionnaires [34]; it is important to note that only
bivariate analyses were conducted in this study without adjustments for any confounders.
Binge-drinking alcohol, a negative dietary behavior, was higher in Indian adults (n = 354)
who were more depressed, as assessed using the Depression Anxiety Stress Scale, during
the 2020 COVID-19 lockdown [45]; this study also did not adjust for confounders and used
only binary logistic regression. Adults from the US who reported changes in their eating
practices (either more or less than before the pandemic) and those reporting that their diet
had deteriorated had significantly higher stress scores after controlling for demographic
characteristics and BMI [18].

The quality of the diet could be also affected by the stress of the COVID-19 lock-
down, but our study focused on dietary habits rather than dietary content. A study on
Ecuadorian adults assessing dietary quality during COVID-19 reported higher levels of
stress (measured by perceived stress score) with lower dietary quality (measured by the
global diet index) [46]. An Italian study concluded that 52.9% were eating more during
the lockdown and that there had been an increase in comfort food consumption, including
chocolate, ice cream, desserts, and salty snacks [47]. However, not all studies reported low
dietary quality during COVID-19 restrictions. A study on 10 Arab countries during the
pandemic reported an increase in fruit consumption, unprocessed meats, and lower sugary
drinks’ consumption, reflecting positive changes [48]. A similar study in Italy reported
a reduction in processed meat and a higher consumption of vegetables, but increased
sweets’ consumption [49]. A study conducted in early 2021 on adults in India also reported
positive changes in eating habits, such as eating more nutrient-dense food and eating more
home-cooked meals, but there was an increase in binge eating, snacking, and larger portion
sizes at meals [15]. In US adults, similar findings were reported in terms of a decreased
intake of fast food, an increased intake of fruit, and an increased intake of sweets [17].
Dietary factors may help to reduce stress via improving the body’s ability to regulate stress
hormones. Overweight and obese women who followed dietary guidelines for 8 weeks
had significantly lower levels of stress than those following the traditional American diet;
researchers attributed these findings to the combination of higher vegetable intake and a
lower sodium intake [50]. Additionally, increasing dietary carbohydrate intake as part of a
healthy whole food diet intervention in these women dampened the stress-related changes
in salivary cortisol and cortisol responsiveness [51]. Authors suggest that this may be due
to the fact that carbohydrate intake helps to stabilize blood sugar levels, which can reduce
the body’s need to produce stress hormones.

The Saudi population has been witnessing an increase in poor diets, stress, and obesity
over the past few decades, which are associated with adverse health outcomes [52,53].
As a result of the COVID-19 pandemic, it has been proposed that stress and poor diet
were exacerbated, creating additional barriers to healthy behaviors. The combined rates
of overweight (25%) and obesity (24%) were slightly lower than the national estimates
in 2019, when overweight and obesity were 38% and 20%, respectively [53]. Stress is
proposed to contribute to overweight and obesity through cognitive processes, behavioral
effects, physiological changes in the hypothalamic–pituitary–adrenal axis, and promotion
of the production of biochemical hormones and peptides such as leptin, ghrelin, and
neuropeptide Y [37]; behavioral effects include overeating, reduced sleep quality, and
increased physical inactivity.
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Restrictions during COVID-19 in Saudi Arabia were at their highest during the Ra-
madan and Eid-ul-Fitr holidays, which coincided with our study. This could have affected
eating and sleeping habits; however, we controlled for fasting during Ramadan in our
dietary models. None of the other studies considered this in their models. Ramadan is a
spiritual month in the Arabic lunar calendar practiced by Muslims worldwide and has
important social aspects. In 2020, Ramadan was between 23 April to 23 May 2020, and
our data collection started on 16 May. In the last ten days of Ramadan, corresponding
to 14 May 2020, people were allowed to move freely from 9 A.M. to 5 P.M., in all cities
and regions, except for Makkah city where curfew continued [54]. A 24-h curfew was
imposed for the first five days of the Eid Al-Fitr holiday (23 May to 27 May 2020) in all
cities [55,56]. Intermittent fasting has been shown to affect the circadian system and af-
fect sleep, although subsequent research that took into consideration lifestyle choices and
sleep/wake cycles found no differences in biological clock markers, daytime tiredness, or
sleep characteristics [57]. The vast cultural and geographic diversity across groups makes
it difficult to draw broad conclusions about changes in body weight and diet composition
during Ramadan. However, numerous studies show that people do not tend to reduce
the number of calories they consume daily during the fasting period [58]. Fasting during
Ramadan has been associated with less anxiety in Iranians during the COVID-19 wave in
2021 [59].

Approximately 30% of study participants reported weight gain, which is comparable
to the 30.3% in the Middle East and North Africa region [6], and 27.5% worldwide [17].
Estimates in weight gain due to COVID-19-related lockdown varied between populations.
For example, weight gain during the lockdown period was 18% in Saudi women [16], 19.5–
48.6% in Italy [47,60], 31% in the United Arab Emirates [13], and 22% in US adults [21]. The
odds of gaining weight during home confinement were higher among married participants,
those with poorer sleep quality, and those with fewer days of walking. Sleep duration
has been associated with BMI variation [61]. A study on 173 adults from the US reported
that weight gain was associated with shorter sleep duration and less physical activity,
but reported null finding with the Perceived Stress Scale [21]. We did not observe sex
differences in weight change and most other parameters, which could be because over
70% of the sample were females. Adults over the age of 35 years and males appear to be
more likely to gain weight during lockdown [13,48]. However, a study reviewing hospital
records from three different regions in Saudi Arabia before and after 2020 reported that
females and younger adults have higher odds of gaining ≥5% of their pre-2020 weight;
pregnant women do not appear to be excluded, which might have affected these results [62].
Similarly, a study on Danish adults reported that women were more likely to gain weight
during the pandemic [14].

Although higher odds of gaining weight were observed with more snacking and a
higher number of meals consumed, this was not significant (p = 0.06 and 0.07). Young adults
who reported overeating to cope with the pandemic gained more weight from baseline to
follow-up; however, unhealthy food intake to cope with the pandemic was not associated
with weight change [63]. The magnitude of weight gain seems to be a factor, as US adults
who gained 5–10 pounds reported more snacking after dinner and eating more in response
to stress during the pandemic, but not the other groups of weight change [21]. The odds
of losing weight were lower with consuming ≥three meals compared to one–two meals,
and higher with increasing days spent in moderate activity. Neither stress scores during
confinement nor fasting during Ramadan were associated with odds of weight increase or
weight decrease in our sample.

Higher stress scores were associated with higher odds of weight change in our study,
but not after adjusting for age, region, sleep quality, physical activity during confinement,
and stress score before confinement. A prospective study in Saudi women (n = 297) reported
no association between stress scores, assessed using the Perceived Stress Scale, and weight
change as an outcome in the adjusted models, although baseline stress might be associated
with weight gain [16]. A study on adults reported that anxiety scores were higher among
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those who reported weight change during the lockdown compared to those who stayed the
same [17]. Many factors could cause weight gain and loss and conflicting findings between
studies could be attributed to not controlling for these factors that could be driving the
relationship, and potentially the different tools used to assess stress, anxiety, or depression.
A study on n = 521 adolescents and young adults in Peru reported that lockdown-related
changes in sleep duration, screen exposure time, and sedentarism explained only 6% of
the variation in BMI [61]. The weight before confinement was not available in our study
and can be a confounding factor in predicting weight change [63]. Other considerations in
drawing conclusions on mental health relationships with dietary patterns or weight change
are the differences in COVID-19 restrictions as well as timing between nations.

Our study has some strengths. We targeted adults under extremely restrictive condi-
tions during the Spring of 2020. Standardized questionnaires were used to assess sleep,
stress, and physical activity, which allowed comparisons with other studies. The ques-
tionnaires were administered in English and Arabic to facilitate reachability. Data were
collected on before and during home confinement, which provided comparisons and
allowed for statistical adjustments of the factors before confinement.

There are some limitations that need to be acknowledged. The cross-sectional nature
of the study limits the ability to establish causal relationships between the study’s variables.
The reliance on self-reported data may have resulted in some recall, social desirability,
and/or recency biases as recent behaviors and emotions would be easier to recall than
those that took place in the past. In addition, the sample was collected using an online
platform that needed an internet connection and a certain level of literacy to answer the
survey, limiting the generalizability of the findings to all adults in Saudi Arabia. For
example, people who are less literate or who do not have access to the internet may have
been less likely to participate in the study. This could have biased the results towards
people who are more educated and have more access to resources. However, this would
have a minimal impact given that 98% of individuals in Saudi Arabia had access to the
internet in 2020 [64]. Most respondents completed the survey during Ramadan, when all
physically capable Muslims are required to fast. Even though it was made explicit in the
questionnaire that it was only about the lockdown, it is possible that this had an impact on
how participants responded; fasting during Ramadan was adjusted for in the dietary habit
models. Moreover, the length of the questionnaire may have introduced a bias towards
participants who were more health conscious, as individuals who are highly attentive to
their well-being or research-oriented might be more likely to participate and complete the
lengthy questionnaire. This self-selection bias could influence the study’s results through
overrepresenting individuals who are already more conscious of their health, potentially
affecting the generalizability of the findings to the broader population. Details on food
items consumed were not available, which limited our ability to adjust for food quantity
and energy intake in the weight change models. Specifics about the diet consumed could
provide a closer look at the participants’ diet quality and patterns that are factors with a
bidirectional relationship with mental health.

5. Conclusions

This study explored the lifestyle changes and psychological impact of COVID-19, and
the associations between stress, dietary habits, and weight change during the COVID-19
lockdown in Saudi Arabia. Our findings illustrate a significant impact of home confinement
on mental health and on unhealthy lifestyle during the COVID-19 pandemic, as opposed
to prior confinement. The stress level during home confinement was linked to changes in
the timing and number of meals but not weight change. Studies need to consider potential
social determinants and confounding factors when studying the impact of lockdowns on
the individual’s behavioral and physical changes before drawing conclusions on bivariate
analyses. These multifaceted negative impacts emphasize how crucial it is for stakehold-
ers and policymakers to think about creating and putting into practice interdisciplinary
solutions to lessen the physical and psychological stress that such pandemics elicit.
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Abstract: The aim of this systematic review was to synthesise the impact of the COVID-19 pandemic
on binge eating disorder (BED) the new onset and course. Inclusion criteria: original articles and
BED diagnosis; and the main outcomes: relationships between the COVID-19 pandemic and the new
onset/clinical changes in BED, and specific results for BED. Exclusion criteria: mixed/inaccurate
diagnoses and articles not written in English. We searched four databases and one registry until
5 May 2023. The quality appraisal was conducted using the Effective Public Health Practice Project
(EPHPP) tool. Twelve studies with 4326 participants were included. All studies were observational
with nine cross-sectional and three longitudinal. Four of the included studies investigated new-onset
BED, while eight examined the BED clinical course of patients with a previous diagnosis. With the
exception of one study, the available literature indicates both an increase in BED diagnoses and a
clinical worsening during COVID-19. Major limitations include study quality (weak-to-moderate) and
high heterogeneity in terms of pandemic phase, population, geographical areas, and psychometric
tools. Our findings indicate that BED patients are particularly vulnerable to events characterised
by social distancing and over-worry, and should be, therefore, carefully monitored. Further studies
are needed to corroborate our findings, implement preventive strategies, and promote personalised
treatments. PROSPERO registration number: CRD42023434106

Keywords: binge eating disorder; COVID-19 pandemic; coronavirus; lockdown; eating disorders

1. Introduction

The worldwide spread of SARS-Cov-2 in December 2019 led the World Health Orga-
nization (WHO) to declare that the coronavirus disease (COVID-19) was a pandemic on
11 March 2020 [1]. After the introduction of restrictive measures to reduce the infection
(e.g., lockdown), a number of subjects experienced a worsening of mental well-being as a
result of fear of contagion and social distancing [2,3].
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Several authors reported critical impacts of the COVID-19 pandemic on eating disor-
ders (EDs). In particular, three systematic reviews [4–6] and one meta-analysis [7] revealed
an increased prevalence or re-exacerbation of EDs with an increase in related hospital-
isations during lockdowns. Nevertheless, differences between the different diagnostic
entities were rarely explored, and contrasting results on anorexia nervosa (AN) and bulimia
nervosa (BN) were described. Some studies reported more binge eating (BE) episodes after
lockdowns in patients affected by BN [8], while other authors failed to identify a significant
impact of the pandemic on the body mass index (BMI) of subjects suffering from AN and
BN [6,7]. Curiously, the effects of the COVID-19 pandemic on individuals diagnosed with
binge eating disorder (BED) have been poorly explored till now, as more attention has been
given to trans-diagnostic BE attitudes.

A BED is defined by the presence of objective BE episodes concomitantly with a sense
of lack of control and without inappropriate compensatory behaviours [9]. Although the
11th revision of the International Classification of Diseases (ICD-11) [10] included the
subjective binges in BED diagnostic criteria, it has been demonstrated that there is an
agreement between ICD-11 and DSM-5 for the same ED diagnosis in 98% of the cases [11].
Of note, BED represents the most common ED, with a lifetime prevalence of 3.5% among
women and 2% among men [12,13]. In females under 30 years of age, the prevalence varies
between 0.6% and 6.1%, according to the country of origin [14].

A specific BE behaviour, as well as BE episodes, is also characteristic of other clinical
conditions such as BN, emotional eating, or night eating syndrome. Nevertheless, in the
5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), BED was
recognised as a specific condition, finally acquiring its own nosographic dignity [9]. In fact,
BED is characterised by specific clinical features such as emotion dysregulation, impulsivity,
and cognitive distortion, and underpinned by peculiar neurobiological mechanisms [15].
Moreover, BED is often concomitant with medical (e.g., metabolic syndrome) and psychi-
atric comorbidities, which together worsen the BED course and impair the quality of life of
the subjects suffering from this condition [16,17].

At the same time, the persistence of BED symptoms can be enhanced by social and
environmental factors [18]. For example, family-related adverse life experiences (ALEs),
especially early loss of caregivers, family separations, and detrimental parental interactions,
negatively impact BN and BED patients [19]. Moreover, Forester and colleagues [20]
demonstrated that specific times of the day (in particular, dinner time, but also lunch time
and late evening) favour binge eating in BED patients, being the periods with the strongest
food cravings and difficulties in emotional regulation.

Focusing on the pandemic period, some authors identified risk/protective factors for
the new onset of BE symptoms (not BED diagnosis) [21], including both European and
United States (US) data [22]. For example, having a mental disorder in comorbidity, the
presence of pandemic-associated worry, self-reported pandemic-related loneliness, and
being female and belonging to an ethnic minority were all identified as risk factors for the
onset or exacerbation of BED [21,22]. In contrast, suffering from the COVID-19 illness, a
change in living situation, being a key worker, or being in treatment emerged as protective
factors against BE onset/worsening during the restrictions [21].

The COVID-19 pandemic was a dramatic event and, especially the confined, repre-
sented a challenging environment for individuals with BED. To date, it remains unclear
whether BED psychopathology benefitted from lockdown measures or became worse, and
evidence regarding the impacts of the COVID-19 pandemic on patients with the BED is
still scarce. In light of these considerations, the objective of the present review was to sys-
tematically summarise the current literature about the impacts of the COVID-19 pandemic
on the new onset and course of the BED.
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2. Methods

2.1. Search Strategy

In order to find relevant articles, a search in the main databases (PubMed, Web of
Science, PsychInfo), as well as consultation in US registries (National Institutes of Health,
ClinicalTrials.gov), was performed. The search was conducted from 1987 to 5 May 2023,
using the keywords “((COVID-19) OR (SARS-Cov-2) OR (coronavirus) OR (lockdown))
AND ((binge eating) OR (binge eating disorder))”. No filters or limits were used.

2.2. Eligibility Criteria

Inclusion criteria were (1) original articles; (2) reported diagnosis of BED; (3) when
the main topic of the article focused on the relationship between the COVID-19 pandemic
and new onset or clinical changes in the BED; and (4) when different diagnoses were
considered only papers reporting results on the BED subgroup were taken into account.
Exclusion criteria were (1) reviews, meta-analyses, commentaries, letters, case reports,
pooled analyses, comments, case studies, and study protocols; (2) when there were mixed
or not accurately described diagnoses (e.g., BE behaviour); or (3) when articles were not
written in the English language.

2.3. Study Selection

Two authors searched and screened the titles and abstracts of each record indepen-
dently. Potentially eligible records were flagged, and the full text was obtained. Full texts
were then reviewed for final inclusion. A third author supervised the process and resolved
doubts and disagreements.

2.4. Data Extraction

Two authors extracted relevant data independently; doubts and disagreements were
resolved by a third author. The following information was extracted: paper author and
title, publication year, time period during which the study was conducted, geographic
area where the research was conducted, study design, population, inclusion and exclusion
criteria, sample size, mean age, data on BMI, psychometric tools, and main findings. If
relevant data were not reported in the selected articles, the corresponding author was
contacted to obtain further information.

2.5. Quality Appraisal

Two reviewers assessed the quality of each included study using the “Quality As-
sessment Tool for Quantitative Studies” developed by the Effective Public Health Practice
Project (EPHPP) [23]. The tool evaluates the following domains: selection bias, study
design, confounders, blinding, data collection method, withdrawals, and dropouts. Each
domain is rated as “strong”, “moderate” or “weak”. Global quality is then calculated as
strong (no weak ratings), moderate (one weak rating), or weak (two or more weak ratings).
A third author supervised the process and resolved any discrepancies.

2.6. Data Synthesis

Relevant data were tabulated. The following information was presented: au-
thor/publication year, period of interest, geographic area where the research was
conducted, study design, population, inclusion and exclusion criteria, sample size,
mean age, data on BMI, psychometric tools, main findings, and quality score. We also
provided a narrative synthesis of the studies’ characteristics and main findings.

This systematic review, including the search strategy and inclusion/exclusion
criteria, followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [24,25]. The protocol was pre-registered on PROSPERO
(CRD42023434106).
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3. Results

3.1. Study Selection

The search of all the databases provided a total of 6728 citations. Among these, 12 were
identified as duplicates. The number of records marked as ineligible by the automation
tools was 6582. Of the 134 records screened, 32 studies were discarded because, after
reviewing the abstracts, the papers dealt with another topic. Reviews and meta-analyses
(n = 18), as well as case reports, case series, surveys, letters and commentaries (n = 4),
were excluded. The full texts of the remaining 80 citations were examined in more detail,
concluding that 68 studies did not meet the inclusion criteria because 38 did not provide
specific results on the BED, and 30 studies analysed subjects without an accurate diagnosis
of the BED. Twelve studies met the inclusion criteria and were included in the present
review (Figure 1).

Figure 1. PRISMA diagram for systematic reviews.

3.2. Study Characteristics

The characteristics of each study were summarised in Tables 1–3. A total of
4326 participants from 12 studies were included in the present review. All studies were ob-
servational. Nine had a cross-sectional design [26–34], two had a longitudinal retrospective
design [35,36], and one had a longitudinal prospective design [37]. The mean ages ranged
from 19.3 to 45.5 years. Most studies were conducted in the US, Brazil, or in a European
country. Four studies investigated the new onset of BED during the COVID-19 pandemic.
Eight studies assessed pandemic-driven changes in the clinical course of patients with a
previous diagnosis of the BED.
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3.3. Quality Appraisal

The quality appraisal was conducted using the “Quality Assessment Tool for Quan-
titative Studies” developed by the EPHPP [23]. Two-thirds of the included studies were
rated as “moderate” in quality [26–29,34–37] (Tables 1 and 2); four studies were rated as
“weak” [30–33] (Table 3). None of the studies received a “strong” quality rating.

3.4. BED New Onset during COVID-19 Pandemic

We included four studies about the new onset of the BED during the COVID-19
pandemic. Among them, two were performed on the Brazilian population [26,27] and two
on the US population [28,37].

Pimentel and his group [26] published a prospective, cross-sectional study assessing
the relationship between the COVID-19 pandemic and the occurrence of BED and mental
suffering in a sample of Brazilian health professionals. The online interview was completed
by 219 professionals, of which 35 (16%) reported BED-related symptoms. This study also
found a higher prevalence of BED in women than men and a direct association between
BED onset and high BMI. Similarly, a cross-sectional and retrospective study was carried
out by Garcês and colleagues [27], who compared 94 (60.1%) normal-weight adults and
129 (39.9%) overweight/obese subjects. The results of this study confirmed the increased
risk of developing BED during social distancing both in the overweight/obese group and
in normal-weight adults.

The negative impact of the COVID-19 pandemic on eating behaviour was also demon-
strated by Bronfman and Chao [28] who examined, differently from the first two studies, a
population of US college students between February and April 2021. In this cross-sectional
study, factors potentially associated with ED symptoms were analysed, finding that indi-
viduals with more severe depressive symptoms had higher odds of meeting criteria for
BN, BED, and subthreshold EDs, while more severe anxiety symptoms and more frequent
social media use were associated with increased odds of BED.

Finally, an interesting longitudinal study by Murray and collaborators [37] was con-
ducted to update annual incidence rates and demographic trends of EDs among military
service members between 2017 and 2021. Their results demonstrated that the annual
incidence rates of all EDs increased from 2017 to 2019, decreased in 2020, and increased
again in 2021. From the first year of the surveillance period (2017) to the endpoint (2020),
the BED annual incidence rate tripled.

All included studies investigating the relationship between the COVID-19 pandemic
and BED new onset are detailed in Table 1.

3.5. BED Clinical Changes/Relapse during COVID-19 Pandemic

Eight studies were included about the impacts of the COVID-19 pandemic on BED
clinical courses. Most authors considered the COVID-19 pandemic and related lockdowns
as a traumatic event, which promoted dysfunctional eating behaviours.

Four studies that analysed the first lockdown period in different countries reported
similar results. In the study by Termorshuizen et al. [29], 1021 subjects (216 with a self-
reported diagnosis of BED) were recruited from the US and the Netherlands (NL) via social
media. Lifetime diagnosis of a BED represented 35% of the US sample and 23% of the Dutch
one. Both patients affected by BED and BN reported more frequent BE episodes, especially
of stockpiled foods. In the second study, Giel et al. [35] investigated ED symptoms, as
well as general psychopathology, in 42 patients with a history of a BED who previously
sought treatment in the randomised–controlled IMPULS trial in Germany. The authors
assessed self-reported ED pathology using the Eating Disorder Examination (EDE) and
demonstrated an increase in BE episodes in the four weeks during lockdown compared to
the four weeks before lockdown. The cross-sectional study by Freizinger et al. [33] analysed
a sample of 22 adolescents and young adults affected by BED. The authors used the binge
eating scale (BES), which is a self-administered questionnaire assessing eating behaviours,
feelings, and cognitive aspects linked to BE, and the COVID-19 Exposure and Family Impact
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Survey-Adolescent and Young Adult version (CEFIS-AYA), which investigates experiences
related to the COVID-19 pandemic. They found that the degree of COVID-related stress was
associated with more BE behaviours. More recently, Baenas and colleagues [34] evaluated
clinical changes in patients with EDs during the first lockdown in a sample of 81 female
patients. Clinical information was collected using the COVID Isolation Eating Scale (CIES),
a self-report questionnaire composed of four subscales investigating the circumstances
of the quarantine, the effects of the lockdown on eating symptoms, the effects of the
confinement on eating behaviours, and the impacts of remote interventions. The authors
found that post-lockdown BED patients experienced weight gain and a worsening of
anxiety, depression and emotional dysregulation. These findings confirmed previous
research by the same group that had found similar results in a multicentre study using the
same instrument (CIES) but focused on the second wave of the COVID-19 pandemic. A
larger sample (N = 829) was recruited, including 113 individuals with a BED diagnosis,
who reported the highest impact on weight and eating style impairment in comparison
with other subgroups and an increase in anxiety–depressive symptoms [36].

De Pasquale and collaborators [31] investigated, in a sample of 469 Italian college
students, the relationship between mood states and eating behaviours during the first
year of the COVID-19 pandemic. The utilised online protocol included the following
psychometric tools: the Fear of COVID-19 Scale (FCV-19S) for the evaluation of fear, the
Profile of Mood States (POMS) for the assessment of emotional states, the Eating Disorder
Inventory-2 (EDI-2) and the BES. A significant effect of fear of COVID-19 in worsening BE
behaviours was identified by the authors.

On the other hand, Colleluori et al. [30], although analysing a large sample of BED
patients (N = 174) during the same period (first lockdown), reported different findings.
The data were retrieved from an online survey, investigating the experience of healthcare
providers (HCPs) involved in the treatment of EDs. The objective of this study was to
assess whether social restrictions represented a stressor for ED patients and their HCPs, if
they affected therapeutic alliance and altered the frequency of dysfunctional behaviours.
The authors found a high variability in the changes in frequency of BE episodes after the
pandemic, which increased in 30.5% and decreased in 24.7% of BED subjects. Similarly,
Frayn et al. [32] observed both symptom deterioration and improvement in the BED,
analysing seven BED patients. Participants underwent a semi-structured interview and
authors identified factors that may decrease BE, such as having greater control over the
food environment.

A summary of the studies on the BED clinical course during COVID-19 is reported in
Tables 2 and 3.

4. Discussion

Most studies evaluating the impacts of the COVID-19 pandemic on EDs, focused on
unspecific BE behaviours or BE episodes that are symptoms shared by the different EDs and
characterise other clinical conditions, such as obesity or emotional eating. BE episodes are
core symptoms of BED [9,10], which represents a defined nosographic entity underpinned
by specific neurobiological mechanisms [38,39]. To the best of our knowledge, this is the
first systematic review that synthesises the impact of the COVID-19 pandemic and the
related sanitary actions on the BED, diagnosed according to DSM-5 [9]. Focusing on the
specific disorder, rather than unspecific binge eating symptoms, may shed light on some
pathophysiological mechanisms underlying the BED and its etiopathogenesis, and may
foster the implementation of targeted preventive/treatment strategies for subjects suffering
from this specific ED.

Two main findings emerged from our systematic literature review:

1. the prevalence of the BED during the COVID-19 pandemic increased based on data
collected from Brazil and the US;

2. the patients affected by the BED experienced a worsening of symptoms during the
first year of the COVID-19 pandemic.
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The four studies investigating the impacts of pandemic lockdowns on new diagnoses
of BED found an increase in the prevalence of BED and its symptoms [26–28,37]. Inter-
estingly, a direct association between the BED and BMI levels during the first pandemic
wave was identified [26,27], as well as a higher prevalence of the BED in female than male
HPs [26], in line with previous reports [40].

Six papers demonstrated a clinical worsening of the BED during the first lockdown as
shown by more BE episodes [29,35], the elevation of the BMI, and more severe anxiety and
depressive symptoms, as well as emotion dysregulation and impaired eating styles [34,36].
These findings confirm the available data in the literature [6,7,41,42], however, focused on
unspecific BE behaviours regardless of BED diagnosis. In contrast, the paper by Machado
et al. [43] found no significant change in symptoms and BMI after the lockdown confine-
ment in a sample of patients suffering from EDs; however, only two patients had a diagnosis
of BED, thus supporting the hypothesis that this group of subjects might suffer more from
the negative consequences of social distancing. In addition, the two weak-quality studies
outlined mixed results about the impacts of the pandemic on the clinical course of the
BED [30,32]. It must be specified that the Italian study by Colleluori and colleagues [30]
collected indirect information with online surveys addressed to HCPs.

The studies described in this review suggest that the higher frequency of the BED or
the worsening of its course may be mediated by other factors influenced by the pandemic,
such as the presence of depression/anxiety [28,34,36], fear of being infected [31], or an
increase in BMI [26,34,36]. Of note, after the outbreak of the pandemic, BMI increased in
the general population, especially among women and the youngest [44] which represent
groups vulnerable to developing BED [45]. Similarly, symptoms such as depression and
anxiety have also been frequently reported in the general population since the outbreak
of the pandemic [46]. On the other hand, the presence of affective symptoms in patients
affected by EDs may have potentiated the negative effects of social isolation and distancing
on the clinical course of these individuals [47]. These observations suggest a role of neu-
ropeptides, such as oxytocin, a molecule implicated in social behaviour [48] and appetite
regulation [49,50], in explaining the complex entanglement of depressive symptoms, wors-
ening of BED symptoms, weight gain, and social distancing. In support of this hypothesis,
previous research suggested that the administration of intranasal oxytocin is able to reduce
food intake and cravings [51].

Limitations

This systematic review presented different limitations. First of all, the relatively small
sample size of the included studies, as well as the cross-sectional design of most papers,
with self-reported clinical information, may have contributed to making the quality of
studies predominantly moderate or weak. Second, the high heterogeneity of the included
papers in terms of pandemic phase, population, geographical areas, and psychometric
tools may reduce the power of the reported findings. The various phases of the pandemic
were characterised by important differences in terms of the magnitude of restrictions,
social distancing, and the use of telemedicine [52]. Moreover, the studies included in the
present review were almost all conducted in Europe and America. Only one study [36]
included a group of patients from Asia. Of note, the epidemiology of EDs differs across
countries, being that eating behaviours are strongly influenced by the environment [53,54]
and cultural factors, such as body image models proposed by the media [55]. In particular,
the American continent has the highest prevalence for all EDs, followed by Asia and
Europe, while data coming from Africa are scarce [56]. Finally, it should be noted that
our results referred to very heterogeneous samples, including HPs, college students, and
military service members, as well as the general population, limiting the generalizability of
the results presented in this review.
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5. Conclusions

In conclusion, our systematic review confirmed that social restrictions related to
the COVID-19 pandemic have negatively impacted EDs, especially the BED. The strong
entanglement between the restrictions, an elevated BMI, and the presence of depressive
symptoms could have promoted the development or the worsening of the BED. The
included studies presented some methodological weaknesses, making it difficult to draw
definitive conclusions. Further research is necessary to clarify the underlying clinical and
biological factors triggering the worsening of the BED when dramatic events occur, such
as a pandemic. The final purpose is to foster more personalised interventions in order to
prevent and promptly treat BED symptoms in predisposed and vulnerable subjects.
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Abstract: Most studies suggest that COVID-19 has adversely affected the quality of life and mental
health, including eating disorders. However, studies have yet to examine longitudinally the impact of
COVID-19 on eating disorder symptomatic individuals. This study aims to examine longitudinally the
impact of the COVID-19 pandemic on the lifestyle and eating disorder symptoms of a symptomatic
group of community-dwelling women. These women (n = 171) were enrolled in a longitudinal study,
completed a COVID-19 modular self-report (post or Qualtrics, 2020/21), and participated in the
current study. This study examined a 15th year follow-up. In 2020, 40% were tested for COVID-19.
Of these, 87% had negative results; 5.3% self-isolated at home; 20.5% stopped working/studying
in person; 28% continued online work/study; and 28% stopped work/studying in person. The
pandemic affected sporting activities, music, and club activities (32.7% discontinued); 38% socialized
in person; 16% socialized online; and 10% completely stopped socializing. Findings showed that the
respondents showed no significant changes in levels of psychological distress (K10: 21.4 ± 9.8 vs.
19.0 ± 7.1, p < 0.171), and impaired quality of life (SF12: 50.9 ± 8.0 vs. 48.3 ± 9.5, p < 0.055) at 15-year
follow-up. Eating disorder symptoms increased over time (EDE-Q global: 2.1 ± 1.4 vs. 2.9 ± 1.4,
p < 0.013). Observed worsening of eating disorder-related symptoms during the COVID-19 pandemic
may be due to interrupted eating patterns, exercise restrictions and the absence of social support.
Provision and access to interventions to support those affected by eating disorders are a high priority,
especially during these times.

Keywords: eating disorders; COVID-19; mental health; health care; health literacy; eating disorder-
related Medicare item

1. Introduction

Although some of the previously published studies present with conflicting evidence,
such as reduced self-harm behavior and suicide [1], most studies suggest that the 2019
novel coronavirus (COVID-19) infection has had an overall, substantially negative and
significant psychological, financial, economic, and social impact on mental health globally
(including anxiety, psychiatric disorders, depression, eating disorders), as well as on overall
quality of life [2–6], A survey conducted by Ammar et al. in 2020 revealed that various
factors, such as food type, frequency of food consumption, and meal regularity, have been
affected by the pandemic [7]. One major impact of COVID-19 on food consumption is a
shift in food type. Due to lockdowns and supply chain disruptions, individuals have been
forced to alter their dietary choices. As a result, many have resorted to consuming cheaper
and more processed foods, which may not provide the necessary nutrients required for
optimal health. The increased stress and anxiety brought on by the pandemic have also
led to a rise in comfort eating, which often involves consuming unhealthy foods [8]. With
the closure of schools and offices, many individuals have been forced to work or study
from home, leading to changes in their daily routine. This has resulted in irregular eating
patterns, with many individuals skipping meals or consuming them at irregular times.
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In addition, the increased availability of snacks and food at home has also led to more
frequent snacking and overeating [9]. Lastly, with the pandemic and associated restrictions
limiting individuals’ ability to engage in physical activity, many have reported decreased
appetite and reduced food intake. This has led to concerns about the potential impact on
nutritional status and overall health.

Devoe et al. (2023) recently conducted a systematic review of the impact of the COVID-
19 pandemic on the physical and mental health of people with eating disorders. Fifty
three studies were included in this review, including participants with common eating
disorders such as anorexia nervosa, binge eating disorders, bulimia nervosa, and other
specified feeding or eating disorders [10]. The results of this review showed that during the
COVID-19 pandemic the rate of hospital admission, eating disorder symptoms, depression
and anxiety and social isolation increased during the lockdown, as well as body mass index
(BMI) [10]. The authors of this systematic review suggested that the reported worsening
of eating disorder symptoms in the previous qualitative literature may be explained by
the lack of accessibility to treatment and care, disrupted routine and structure, negative
impact of social media, and lockdown [10]. The changes reported by the above-mentioned
systematic review, however, appear to be specific to age, are diagnostic, and time, for
example. improved symptoms after the lockdown period.

It is evident that the stress and uncertainty of COVID-19 has been adversely affecting the
prognosis and quality of life (QOL) of those affected by eating disorders. Previous research has
suggested that the pandemic may have influenced both the severity of symptoms and the rate
of relapse in patients diagnosed with eating disorders [11]. In addition, mass death, increased
levels of unemployment, overwhelmed hospitals, and concern about financial and food
insecurity contributed to the increased vulnerability to the emotional impact of COVID-19
and the worsening of psychological distress. With restrictions in place, lack of social support
and interaction, mandated lockdown and other psychiatric stress factors occurring due to
the direct or indirect impact of the coronavirus pandemic, it has been increasingly difficult to
cope for those affected by eating disorders. However, these results contrast with the findings
of another study by Machado et al. (2020), in which eating disorder symptoms and BMI did
not change post-lockdown in patients with anorexia nervosa, binge eating disorders, bulimia
nervosa and other specified feeding or eating disorders [12].

In 2020, a nationwide research project with the aim of assessing the coping strategies
related to mental health during the COVID-19 pandemic was performed in Australia [6]. This
study reported a statistically significant increase in the levels of eating disorders in general,
including binge eating disorders, anorexia nervosa and bulimia nervosa. More specifically,
meal avoiding, grazing behavior, overeating, loss of control, overeating, and binge eating
episodes have been reported during lockdown [13]. There has been interplay between these
eating disorders and isolation following infectious disease outbreaks and the subsequent
exacerbation of psychological disorders, as well as deterioration in the quality of life. For
example, following the SARS (severe acute respiratory syndrome) outbreak in 2003, a study
explored the development of psychological disorders following isolation. Approximately
one fifth of the participants of this study reported a clear correlation between mental distress
following isolation and the exacerbation of restrictive as well as binge eating disorders [14].

The environment created by the novel coronavirus pandemic may similarly contribute
to the development of an eating disorder in previously unaffected individuals. This
is demonstrated by the fact that there have been studies indicating a strong positive
correlation between the Eating Disorders Symptom impact scale (EDSIS) and the General
Health Questionnaire (GHQ). Further research needs to be carried out to find or to further
establish direct implications of COVID-19 in eating disorders. Understanding these changes
can help to inform public health policies and interventions aimed at promoting healthy
eating habits during these unprecedented times. Therefore, the main objective of the current
study is to further explore longitudinally the effects of the COVID-19 pandemic on mental
health related eating disorder symptoms, quality of life, and depression and anxiety in a
moderately symptomatic eating disorder sample, more specifically at 15-year follow-up.
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Further, we aimed to investigate the awareness and the use of newly introduced eating
disorder Medicare item numbers by the Australian government in this population.

2. Materials and Methods

2.1. Study Design

We obtained ethical approval from the Western Sydney University’s Human Research
Ethics Committee for this observational analytical study (H13832, August 2020). Partici-
pants of a research database established 15 years ago [15] (The Women’s Eating and Health
Literacy (WEHL)), who gave consent to be contacted for future studies, were contacted
and recruited for the current project. This sample consisted of a combination of young
women living in Australian Capital Territory and a sample of higher education university
and college students. The participants were recruited 15 years ago (baseline) and have
been followed up at year 2, 4, 9, 12, and 15. Surveys were distributed to the participants
and were completed online via Qualtrics, or by post. All the participants were requested to
provide informed consent for participation in the study.

2.2. Assessment Instruments

Depression and anxiety symptoms [16] were assessed via the Kessler-10 (K10) ques-
tionnaire, which has been reported to have moderate reliability [17]. An average score
indicating positive mental health ranges from 10–15 on this scale [18]. Participant’s physical
and mental health [19] was measured via the SF12 questionnaire. This questionnaire has
sound reliability and validity, reported previously [20]. The scoring is from 0–100 (lowest
to highest health level) with the mean and standard deviation score of 50 ± 10 [19]. The
Eating Disorder Examination Questionnaire (EDE-Q) was used to assess eating disorder
symptoms over the past 28 days prior to study participation [21]. Subscale scores and a
global score are derived and Australian community normative data for these have been
published previously [22]. This scale has acceptable internal consistency, test–retest reliabil-
ity and temporal stability. In addition, we collected information on the personal views of
the participants and their experiences of the COVID-19 pandemic. The participants were
asked about the use and accessibility of the specific Eating Disorder Medicare item numbers
introduced by the Australian government in recent years. We asked three questions of the
participants and the answers were yes or no.

2.3. Statistical Analysis

We used IBM Statistical Package (SPSS version 23) and SAS (version 9.4) for the
analysis of the data in this study. The data was inspected for normality. Chi-square and
T tests were employed for p ≤ 0.05. The quantitative data were expressed as mean and
standard error (SE) or median and interquartile range after being statistically and visually
tested for normality. Open-ended responses were collated and presented by frequency of
response. As missing data were low (<10%), no imputation was made. A linear mixed
model (marginal model) was used to estimate the trends in eating disorder and quality of
life outcomes longitudinally over time. A test of linear trend was performed using t test for
p < 0.05. A rejection of this test indicated that there was a linear trend in the effect of time.

3. Results

The response rates of the mailed surveys (n = 231) and emailed surveys (n = 290) to the
previously established research database were 26% (n = 51) and 62.4% (n = 181), respectively.
The total response rate was 46.3%. The majority of our participants were married (44%),
were employed full time (48.3%), and had a higher education or university degree (83.1%).
The survey respondents had high levels of psychological distress, and impaired quality of
life (compared to normative data published previously), as presented in Table 1 (participant
features). As shown in Table 2, most participants reported using at least one form of
complementary therapy 12-months prior to study participation to treat their emotional or
mental health problems (58.6%), eating disorders (16.8%), or to lose weight (31%). The most
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widely utilized complementary therapies were “talking about the problem” and “getting
fit by doing more exercise”. Favorable attitudes towards complementary therapies and
experiences of using them are reported in Table 2.

Table 1. Participant’s demographic and health related features (n = 232).

Variables N (%)

Marital status
Single 34 (14.7)
Married 102 (44.0)
Living as married 47 (20.3)
Separated or divorced 33 (14.2)
Widowed 2 (0.9)

Occupation
Employed fulltime 112 (48.3)
Employed Part time 51 (22)
Home maker ˆ 9 (3.9)
Student 6 (2.6)
Not employed, recovering, other 25 (10.8)

Education
Year 10 & 12 15 (6.5)
Trade certificate 1 (0.4)
Undergraduate 9 (3.9)
University degree 193 (83.1)

Mean (SD), Median (Range), n
BMI (kg/m2) 28.2 (6.7), 26.7 (39.01), 211

EDE-Q
Restraint 2.9 (1.7), 2.8 (7.0), 209
Eating Concern 2.2 (1.4), 1.6 (6.20), 205
Weight concern 3.3 (1.6), 3.0 (6.20), 210
Shape concern 3.8 (1.7), 3.9 (6.25), 208
Global score 3.0 (1.4), 2.7 (6.04), 194

Psychological distress (Kessler 10) 19.1 (7.7), 17.0 (40.0), 208
Physical health related quality of life (SF-12) 48.4 (9.5), 51.7 (46.7), 203
Mental health related quality of life (SF-12) 45.5 (12), 50.4 (48.2), 203

Home maker: ˆ a person who is not employed or student, nor looking for a job, and who is attending house
duties in their home; SD: Standard Deviation; BMI: Body Mass Index; EDE-Q: Eating Disorder Examination
Questionnaire [21], Kessler 10 [17] components of SF12, including physical wellbeing and mental wellbeing [19].

Table 2. Treatments or activities within the past 12 months prior to study (N = 232).

Emotional Ormental
Health Problems

Eating
Disorders

Lose
Weight

N (%)
Used some type of treatment 136 (58.6) 39 (16.8) 72 (31)

Talked about the problem 110 (47.4) 17 (7.3) 11 (4.7)
Psychotherapy (focus on cause) 42 (18.1) 6 (2.6) 4 (1.7)

Psychotherapy (Cognitive
Behaviour Therapy) 45 (19.4) 9 (3.9) 9 (3.9)

Psychotherapy (focus on
current relationships) 38 (16.4) 3 (1.3) 2 (.9)

Alternative therapy (naturopathy,
homeopathy, aromatherapy) 22 (9.5) 2 (.9) 5 (2.2)

Massage, spinal manipulation,
or acupuncture 62 (26.7) 1 (.4) 3 (1.3)
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Table 2. Cont.

Emotional Ormental
Health Problems

Eating
Disorders

Lose
Weight

Relaxation therapy (meditation, stress
management, yoga) 72 (31) 6 (2.6) 7 (3.0)

Assertiveness or social skills training 9 (3.9) 1 (.4) 1 (.4)
Drinking alcohol to relax 60 (25.9) 3 (1.3) 3 (1.3)

Hypnosis 5 (2.2) 2 (.9) 3 (1.3)
Following a self-help treatment manual 25 (10.8) 6 (2.6) 9 (3.9)
Getting fit by increasing time spent on

exercise 80 (34.5) 17 (7.3) 57 (24.6)

Getting out and about more or finding
some new hobbies 60 (25.9) 5 (2.2) 8 (3.4)

Getting information about the problem
and available services 45 (19.4) 5 (2.2) 9 (3.9)

Medication (valium, serapax) 25 (10.8) 3 (1.3) 3 (1.3)
Anti-depressant medication (Prozac

or Zoloft) 42 (18.1) 4 (1.7) 4 (1.7)

Vitamins and/or minerals (folate, B
group vitamins, amino acids etc) 55 (23.7) 5 2.2 5 (2.2)

Herbal medicines (Valerian, St John’s
Wort, ginseng) 19 (8.2) 4 1.7 6 (2.6)

According to the results of our study, only 1.7% of the participants had attempted
using an eating disorder related Medicare item. Approximately 87.1% of the participants
were not aware of the existence of the eating disorder Medicare item or had not attempted
to use it. These results are presented in Table 3.

Table 3. Eating disorder related Medicare item access (N = 232).

Medicare Item Use N (%)

Attempted using the items 2 (0.9)
Accessed & used the items 4 (1.7)
No attempt/not aware of it 202 (87.1)

Table 4 shows the influence of COVID-19 on mental health, eating disorders and
quality of life. Less than half of the participants (46.1%) took the COVID-19 test. None of
these participants tested positive for COVID-19. The in-person work-related activities of
the participants were not affected by COVID-19 (41.8%). However, 30% of participants
stopped attending other in-person activities, such as music and sporting events or lessons.
The in-person social activities of the participants were affected to some extent (13.4%).
COVID-19 did not affect the eating behavior of 51.3% of the participants. Only 5.6% of the
participants were extremely worried about contracting the virus. The information delivery
concerning COVID-19 by the government was rated quite clear and understandable by
38.8% of the participants.

Table 4. COVID-19′s influence on mental health, eating disorders and quality of life (N = 232).

N (%)

Had COVID-19 0
Tested for COVID-19 107 (46.1)
Self isolated for 14 days 15 (6.5)

CVID-19′s effect on Work and/or study
Stopped attending work and/or study in person 48 (20.7)
Continued work and/or study at home (online) 76 (32.8)
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Table 4. Cont.

N (%)

Stopped work and/or study all together 9 (3.9)
Continued work and/or study in person 97 (41.8)

COVID-19’s effect on other activities such as sport, music, clubs, etc.
Stopped attending activities in person 71 (30.6)
Continued activities at home (online) 63 (27.2)
Stopped activities all together 17 (7.3)
Continued activities in person 54 (23.3)

COVID-19’s effect on social life
Stopped socializing in person 31 (13.4)
Socializing via phone (online) 45 (19.4)
Stopped socializing all together (even online) 26 (11.2)
Continued socializing in person 87 (37.5)

COVID-19’s effect on household such as family and housemates
One or more persons had COVID-19 1 (0.4)
One or more persons were unable to work 14 (6.0)
One or more persons are essential health worker 15 (5.2)
I am an essential health worker 62 (26.7)
None of the above 129 (55.6)

COVID-19’s effect on eating
Not at all 119 (51.3)
More disordered eating (overeating, binge) 59 (25.4)
More dieting and/or exercise for weight control/loss 29 (12.5)
More weight/shape/eating concerns 39 (16.8)

Weeks unbale to attend work
Not applicable 107 (46.1)
Unable to attend 98 (42.2)

Worried about contracting COVID-19
Not at all 56 (24.1)
A little worried 81 (34.9)
Moderately worried 49 (21.1)
Very worried 11 (4.7)
Extremely worried 13 (5.6)

Worried about a family member contracting COVID-19
Not at all 27 (11.6)
A little worried 79 (34.1)
Moderately worried 48 (20.7)
Very worried 39 (16.8)
Extremely worried 17 (7.3)

Rate the information delivery about COVID-19
Very clear and understandable 35 (15.1)
Quite clear and understandable 90 (38.8)
Neutral 37 (15.9)
Quiet confusing 30 (12.9)
Very confusing 16 (6.9)

Preliminary findings of the current study showed that the respondents had no sig-
nificant changes in the levels of psychological distress measured via K10 (K10: 21.4 ± 9.8
vs. 19.0 ± 7.1, p < 0.171), and impaired quality of life (SF12: 50.9 ± 8.0 vs. 48.3 ± 9.5,
p < 0.055) at 15-year follow-up time point. Eating disorder symptoms increased over time
(EDE-Q global: 2.1 ± 1.4 vs. 2.9 ± 1.4, p < 0.013). Eating disorder symptom severity,
including restraint, weight concern, shape concern and eating concerns, had all increased
from baseline and reached their peak at year 15 when the COVID-19 pandemic was at its
highest (p < 0.0001 for all). Psychological distress scores increased gradually from baseline
to year 9 (2014), had a decline from year 9 to year 12 and reached their highest score after
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year 12 (p < 0.0001). Physical health-related quality of life decreased over time until year
12, after which there was an increase at year 15 (p < 0.0001). There was a similar trend for
mental health related quality of life; however, the changes were smaller and non-significant
(p = 0.158). See Figures 1–6 below.

 

Figure 1. Predicted individual growth curves for weight concern. The blue lines indicate the
measurement time points.

 

Figure 2. Predicted individual growth curves for shape concern. The blue lines indicate the measure-
ment time points.
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Figure 3. Predicted individual growth curves for eating concern. The blue lines indicate the measure-
ment time points.

 

Figure 4. Predicted individual growth curves for eating restraint. The blue lines indicate the
measurement time points.
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Figure 5. Predicted individual growth curves for K10. The blue lines indicate the measurement
time points.

 
Figure 6. Predicted individual growth curves for physical health related. The blue lines indicate the
measurement time points.

4. Discussion

In this current study of moderately symptomatic participants, we examined the effects
of the COVID-19 pandemic on eating disorder symptoms and health related quality of life
over 15 years in a symptomatic group of community dwelling participants. Overall, eating
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disorder symptom severity including restraint, weight concern, shape concern and eating
concern increased since baseline at year one and reached its peak at year 15 (2020). This
was noted when the COVID-19 pandemic was at its highest. In this study, we observed a
decline in psychological distress score of the participants from year 9 to year 12. However,
these scores then increased over time and reached their peak at year 15 follow-up. Physical
health related quality of life decreased with time from baseline to year 12 and then increased
again from year 12 to year 15. Mental health related quality of life followed the same trend;
however, the changes were not significant.

The results of our study align with previous research conducted on the general pop-
ulation without any history of eating disorders, which has reported a significant decline
in mental health during the COVID-19 pandemic. This decline was evident through the
self-reported worsening of various symptoms, such as anxiety, sadness, anger, loneliness,
and sleep problems, among others. [23–28]. However, some studies have also reported a
slight decrease in the mental health problems faced by the general population after the ease
of restrictions, compared to the initial negative impacts of the COVID-19 pandemic [29].
Despite these improvements, the changes did not reach the pre-pandemic levels of mental
wellbeing [30]. Nonetheless, it is important to note that, despite the improvements, the current
state of mental health among the general population still remains a matter of concern.

Similarly, eating disorder symptom severity increased post-pandemic, particularly in
patients with eating disorders [31]. Further, Ramalho et al. (2022) found that psychological
distress, measured by K10 questionnaire, mediated disordered eating behaviors in a cross-
sectional study of adults during the first COVID-19 lockdown period [13]. However,
there are some inconsistent findings, particularly in a clinical population [24], where it is
possible that some people experience positive effects of confinement due to less exposure to
societal judgment and criticism (e.g., from family, friends, and doctors). In addition, more
recent longitudinal studies found a rapid decline in distress levels of patients with eating
disorders soon after the first increase post-pandemic [32]. On the other hand, a recent
systematic review by Devoe et al. (2023) showed increased hospital admission, increased
eating disorder symptoms, anxiety and depression during the pandemic lockdown [10].
However, most studies included in this review failed to mention the effects of possible
confounders and adjust for important covariates in their analysis, for example, there was
a lack of adjustment based on gender or age. This emphasizes the importance of further
examining the temporal changes in mental health and eating disorder symptoms of patients
with eating disorders in the future.

The findings of the current study showed that the COVID-19 lockdown imposed
significant changes on eating behaviors, physical health related quality of life and psycho-
logical distress. However, mental health related quality of life remained unchanged. This
may be because our study is underpowered, or may reflect the complexity of the construct
of mental health related quality of life. Mental health related quality of life measures the
impact of poorer mental health on a person’s perceived quality of life, but this impact may
be reduced where external factors are operating, and mental health related quality of life
may be less sensitive to change than a specific measure of psychological distress. During
the COVID-19 pandemic, there may have been a positive effect on quality of life because
of reduced social interactions and social activities around food. For people with eating
disorders, such social interactions may trigger social anxiety [33]. Nevertheless, our results
emphasize the importance of designing interventions to alleviate the consequences of the
COVID-19 pandemic on eating behaviors or eating disorders, creating a basis for upcoming
situations involving lockdown and social isolation.

With regards to the question as to whether the COVID-19 pandemic may be more
associated with increased severity and prevalence of eating disorders than with new cases
(or incidence), we observed a peaking and rising trajectory in eating disorder symptoms.
This was evident after the onset of the COVID-19 pandemic in both people with low, as well
as those with high, pre-COVID-19 eating disorder symptom severity [34,35]. Notably, this
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was not due to increased availability of eating disorder services, as very few participants
were aware of the existence of these services (under 3%).

Strengths and Limitations

This longitudinal study aimed to investigate the effects of the COVID-19 pandemic
on an eating disorder symptomatic cohort. Most notably, this study is also the first to
report on public awareness of and use of the eating disorder related Medicare item in
Australia. This study had some important limitations to consider when interpreting the
results, including the use of self-reported surveys. These may be prone to reporting and
recall biases. For the purpose of this study, we recruited a combination from the general
population [22,36]. This cohort was representative of young woman who were living
in the Australian Capital Territory, and was a convenience sample of higher education
university and college students. The population was broadly representative of young
women with at least a high school education in Australia [37–39]. The surveys were
distributed to campuses with diverse socio-economic backgrounds. Although there is a very
high proportion (56%) of the Australian population who engage in higher education [40],
this sample was not representative of the wider Australian population. Therefore, the
results may not be generalizable to other genders than females, to senior citizens, and to
people with no eating disorder symptoms. The findings of the current study may provide
useful information for future studies to examine, to a greater extent, issues concerning
mental health, for example, differences in gender, age, and education. Such groups may be
imported to target interventions aimed at improving mental health in the future.

5. Conclusions

The COVID-19 crisis has presented a number of challenges for individuals struggling
with eating disorders. These challenges have the potential to worsen the symptoms of the
disorder and increase the risk of developing or worsening disordered eating behaviors.
For women in particular, the pandemic has exacerbated psychological distress and nega-
tively impacted their physical health-related quality of life. The pandemic has resulted in
significant changes to daily life for many people. Isolation, job loss, financial stress, and un-
certainty about the future have all contributed to an increase in anxiety and depression. For
individuals with eating disorders, these factors can trigger or worsen their symptoms. The
disruption to daily routines, changes in food availability, and reduced access to healthcare
services have also added to the challenge of managing eating disorders.

Women are particularly vulnerable to the negative effects of the pandemic on mental
and physical health. Women are more likely to experience economic hardship, work in
industries with high levels of exposure to the virus, and take on additional caregiving
responsibilities. These stressors can further exacerbate the psychological distress associ-
ated with eating disorders and increase the risk of developing new symptoms. Overall,
the COVID-19 crisis has highlighted the need for increased support and resources for
individuals struggling with eating disorders, particularly for women, who may be dispro-
portionately impacted. It is important for healthcare providers to be aware of the unique
challenges faced by individuals with eating disorders during this time and to provide
appropriate care and support.

Increasing community awareness of the existence and availability of the eating dis-
order Medicare item newly introduced by the Australian government may be beneficial
for those affected by eating disorders in general and specifically during a crisis such as
the COVID-19 pandemic. It is crucial for people with eating disorders to obtain support
and have access to resources, even during these challenging times. Provision and access
to interventions to support the people affected by eating disorders are a high priority,
especially during these times and similar future situations. Overall, further research is
needed to explore the impacts of COVID-19 and other pandemics on individuals with
eating disorders. Such research should aim to identify effective strategies to reduce the
negative impacts of pandemics on eating disorder patients and to improve their overall
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quality of life. For instance, research can explore how telehealth and online resources can be
used to provide effective treatment and support to individuals with eating disorders during
pandemics. Additionally, researchers can study the long-term impact of the pandemic
on the development and course of eating disorders and identify ways to mitigate these
effects. Furthermore, research can investigate how to address the unique challenges faced
by marginalized communities, such as individuals with low income, people of color, and
LGBTQ+ individuals, who may be disproportionately affected by the pandemic and its
impact on eating disorders.
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Abstract: (1) Background: the investigation of how interpersonal functioning affects eating psy-
chopathology has been receiving increasing attention in the last decade. This study evaluates the
impact of virtual social inclusion or ostracism on emotions, perceived stress, eating psychopathology,
and the drive to binge or restrict in patients across the eating disorder spectrum. (2) Methods: a
group of 122 adolescent and adult females with different eating disorder diagnoses were compared to
50 healthy peers with regards to their performance on, and responses to the Cyberball task, a virtual
ball-tossing game. Each participant was randomly assigned to playing a social inclusion or a social
exclusion block of the Cyberball task and completed self-report assessments of emotions, perceived
stress and urge to restrict/binge before and after the task. (3) Results: patients with anorexia nervosa
showed a more negative impact on psychological well-being evaluated with the need threat scale
after the excluding block, while patients with bulimia nervosa reported more negative effects after
the overincluding condition. Patients with binge eating disorder showed a reduction in specific
negative emotions after the overincluding block, unlike all other participants. (4) Conclusions: find-
ings show significant correlations between restraint thoughts in patients with bulimia nervosa and
binge thoughts in patients with binge eating disorder after being exposed to the inclusion condi-
tion. Different reactions in cognitive and emotional states of patients with eating disorders after
different interpersonal scenarios confirm the impact of inclusive or exclusive relationships on eating
psychopathology, with specific and different responses across the eating disorder spectrum, that have
been discussed, linked to their eating behavioral cognition.

Keywords: anorexia nervosa; bulimia nervosa; binge eating disorder; Cyberball; ostracism;
overinclusion; food attitudes

1. Introduction

Despite differences in their clinical manifestations, people with eating disorders (EDs)
often experience interpersonal problems and difficulties with social cognition that neg-
atively affect their social functioning, quality of life, and daily activities [1–5]. Different
psychological elements have been related to dysfunctional eating behaviors and inter-
personal difficulties [6]. Individuals with EDs have generally reported the presence of
maladaptive coping strategies in various social contexts, showing dysfunctional emotional
responses that are modulated through eating disorder symptoms, such as caloric restriction,
bingeing, purging, or compulsive exercise [6–8]. For example, the fear of negative evalua-
tion and social anxiety are vulnerabilities in individuals with EDs whose symptomatology
includes body dissatisfaction, bulimic symptoms, shape concerns, weight concerns, and
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eating concerns [9,10]. Instead, less is known about the fear of positive evaluation in EDs,
even if it is a relevant factor in social anxiety [11,12]. Indeed, the fear of others’ positive
judgments has been positively correlated to high levels of social and meal-related anxiety,
with possible connections to others’ expectation, clinical perfectionism, and concerns about
mistakes [9,13]. These psychological aspects have been related to dysfunctional behaviors
in EDs and are predictors of outcomes [14]. Looking at the general population, fear of
positive evaluation has been positively related to bulimic symptoms, body dissatisfaction,
weight, and shape concerns [9]. However, data are still preliminary, and no structured
study is available about this specific social features in these clinical populations.

Looking at the cognitive aspects of emotional functioning, patients with anorexia
nervosa (AN) demonstrate reduced emotional expression, difficulties understanding their
own and others’ emotional and mental states, submissive attitudes and behaviors, and
social inhibition in their relationships [15–18]. Similarly, patients with bulimia nervosa (BN)
and binge eating disorder (BED) are struggling with identifying their feelings and managing
interpersonal relationships [19]. Although more evidence is needed, these findings suggest
a possible impairment in social skills across the entire ED spectrum [3,20–23].

The literature has shown that greater sensitivity to social rejection may lead to social
difficulties, along with a more negative interpretation of ambiguous social situations [24].
Since the perception of being excluded or ignored by others represents a potential threat
to the fundamental psychological need to be accepted, it is usually experienced as a
painful situation and could have negative consequences, including the exacerbation of ED
symptoms [25]. Some studies on healthy individuals have shown that being ostracized
impairs participants’ self-regulation and increases their weight concerns and motivation
to eat [26,27]. Looking at clinical samples, one study [28] observed that patients with
BN reported an increase in hunger and desire to binge after completing an imagery task
designed to elicit feelings of lack of appreciation and rejection. Only a few studies, however,
have examined how patients with EDs interpret and react to social interactions, largely
focusing on social exclusion [6], with no study available on the effects of social overin-
clusion. The fear of positive evaluations has been related to eating psychopathology as
negative judgments [9,13], but actual overinclusion may be a different construct—and it
has been neglected in the literature. Positive evaluations may trigger similar psychopatho-
logical responses as negative ones because individuals may interpret them as equally
judgmental [29,30]. Yet, the previous literature—perhaps because patients tend toward
social isolation—has neglected this aspect of eating psychopathology, and comparisons
between social exclusion and inclusion are needed.

One task commonly used to assess participants’ reactions to interpersonal dynamics is
the Cyberball task [31], a computerized ball-tossing game that can manipulate the degree of
social inclusion by varying the number of times a participant is passed the ball. This task has
been used to assess exclusion and overinclusion in both healthy individuals and patients
with neurodevelopmental and psychiatric conditions such as autism spectrum disorder,
major depression, social anxiety, and particularly in borderline personality disorder [32–
34]. The Cyberball task has also been applied in studies of interpersonal relationships
and eating behaviors to show the effects of social exclusion on food assumptions [35–37].
The Cyberball conditions of exclusion and inclusion/overinclusion have been related
several times, respectively, to the fear of negative and positive evaluations [38–40], but
studies specifically addressing the ED population are lacking. In a previous study, we
implemented the Cyberball task in a sample of patients with AN using exclusion and
overinclusion paradigms; our results showed that although patients with AN tended to
overestimate their actual exclusion and displayed higher sensitivity to exclusion than their
peers, they had no self-reported changes in the mood [41]. Similarly, in the overincluding
task, they did not report any difference compared to the controls, corroborating the idea that
fear of positive evaluation may be more linked to food anxiety and other social aspects [13],
but studies on the population with bulimic symptoms are needed.
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Despite the finding that patients with AN experience greater sensitivity to exclusion
than healthy peers, it is largely unknown whether people with a different ED diagnosis
(i.e., BN or BED) would respond similarly or whether virtually induced social exclusion or
overinclusion have a different impact on their emotions, stress levels, and eating attitudes.
Thus, the present study seeks to extend previous findings among patients with AN by
including participants with BN or BED in our assessment of the impact of virtual exclusion
and overinclusion, looking at mood and eating behaviors. Our first aim was to evaluate
the effects of exclusion and overinclusion in patients with an ED compared to community
peers. We hypothesized that patients with different EDs would present different emotional
and cognitive responses to exclusion and overinclusion. Individuals with AN may confirm
their lack of response to exclusion, while individuals with BN or BED might be more
sensitive to overinclusion, due to the preliminary data in the general population [9]. Our
second aim was to evaluate the effects of interpersonal interactions on emotions, stress,
and attitudes toward food, examining specific differences between participants who might
have relevant clinical effects. Regarding clinical features, more restrictive responses were
expected in patients with AN, while more eating-mediated responses were expected in
patients with binge episodes. Finally, an exploration of the specific correlations between
changes in emotions and attitudes toward food would help clinicians to understand any
links between eating behaviors and interpersonal difficulties.

2. Materials and Methods

2.1. Participants

Participants were recruited from the University Hospital of Padova (Italy) at the local
Eating Disorder Center. A group of 122 patients (AN (n = 42), BN (n = 40), and BED (n = 40))
was included. For comparison, a group of 50 healthy women (HW) was also recruited from
the general population through non-specific public announcements seeking volunteers and
during meetings in public high schools and at the University of Padova. Parts of the AN (30
out of 42) and HW (34 out of 50) groups were also included in our previous paper [41]. The
inclusion criteria for both groups were as follows: female gender; between 15 and 40 years
old; no severe psychiatric (e.g., bipolar disorder or schizophrenia) or medical comorbidity
(e.g., severe hypotension, bradycardia, or electrolyte alterations), neurological trauma, or
disorder. Additional criteria for the HW group were no lifetime diagnosis of ED, anxiety,
or mood disorders. Inclusion and exclusion criteria were evaluated via a clinical interview
performed by a trained psychiatrist, and the ED diagnoses agreed with Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) criteria [42]. Before participating in the
study, each participant (and parents of participants younger than 18 years of age) was
given written consent. All participants were volunteers and did not receive any credits or
payments. The local ethics committee approved the study as part of a more extensive study
on the cognitive evaluation of ED patients, and the study complies with the provisions of
the Declaration of Helsinki.

2.2. Materials

Demographic and clinical data (height, weight, age at menarche, education, medica-
tions) were directly detected by researchers during the assessment of the participants. This
included the duration of the disorder for ED patients, measured by the time (in months)
from the beginning of ED symptomatology to the moment of the study.

2.2.1. Self-Reported Measures

The psychological assessment was composed of various self-report questionnaires. The
Eating Disorders Examination Questionnaire (EDE-Q), a 28-item questionnaire, assesses
eating psychopathology and eating disorder behaviors over the previous 28 days [43]; in
this study, the EDE-Q showed an excellent internal consistency (α = 0.961). The Patient
Health Questionnaire (PHQ-9) is a nine-item self-report questionnaire used to evaluate
the severity of depressive psychopathology [44]; in this study, α = 0.868. The Positive and

101



Nutrients 2023, 15, 1021

Negative Affect Schedule (PANAS) is a 20-item self-report measure for the evaluation of
positive and negative affect (e.g., enthusiasm, activity, fear, shame); items are rated on
a five-point Likert scale and clustered into two subscales: PANAS-positive and PANAS-
negative [45]; in this study, PANAS-positive α = 0.877, PANAS-negative α = 0.923. The need
threat scale (NTS) is a 20-item questionnaire [31] usually completed after the Cyberball
game that assesses feelings of distress on four dimensions: belonging (“I felt rejected”),
self-esteem (“I felt liked”), meaningful existence (“I felt invisible”), and control (“I felt
powerful”) on a five-point scale from “Not at all” to “Extremely”, with higher scores
indicating greater distress. This scale was specifically designed to evaluate the cognitive
and emotional effects of the Cyberball task [46]; in this study, α = 0.786. Two more items
evaluated on a five-point Likert scale were added to the NTS to assess the extent to which
participants felt excluded from the game (“I was ignored” and “I was excluded”) and
were used to calculate the variable manipulation check, as suggested by the previous
literature [47]. The participants were also asked to estimate the percentage of ball tosses
they received by marking a point on a 10-cm long visual analogue scale. Finally, they
evaluated their own levels of perceived stress (i.e., stress-related scale: SRS) and thoughts
about binging or restricting (i.e., thoughts about binge scale: TBS; thoughts about restrict
scale: TRS) using a seven-point Likert scale.

2.2.2. Cyberball Task

The Cyberball task is a computerized ball-toss game used to evaluate the psycho-
logical effects of exclusion and inclusion in a virtual social situation [31]. Before the
task, participants were told they would be playing a virtual ball-toss game with two
unknown female participants who were online with them. The software is free—https:
//www.empirisoft.com/cyberball.aspx (accessed on 1 February 2023)—and the game is
performed with a laptop, on which the participants see a graphical representation of each
of the other two players near a corner of their screens. The game consisted of either an ex-
clusion or overinclusion block of 30 ball tosses each; participants were randomly allocated
to play one block or the other [41,48]. In the exclusion condition, participants received the
ball four times (13% of the tosses). In the overinclusion condition, participants received the
ball almost every time the computer tossed the ball (46% of the tosses). The ball receiving
rates were decided based on previous literature on various psychiatric conditions, where
overinclusion was rated as a specific social trigger for participants. In contrast, average
inclusion might not be sufficient due to the possible tendency to expect an exclusion in ED
population, or the negative interpretation of positive evaluations reported in the previous
literature [9,41,49,50].

2.3. Procedure

The study used a single-session design. After signing the consent form, participants
completed the self-report questionnaires (EDE-Q, PHQ-9, PANAS, SRS, TBS, and TRS) and
were randomly assigned to play either the exclusion or overinclusion block of the Cyberball
game. The game was always played in the afternoon and in the same room, using a 17-inch
laptop. After playing the game, participants completed the NTS, rated the percentage
of ball tosses received, and completed the post-test self-report questionnaires (PANAS,
SRS, TBS, and TRS). Finally, participants were debriefed according to the international
guidelines regarding deception [51]. See Figure 1 for a graphical representation of the
procedure.

2.4. Statistical Analyses

Different analyses of variances (ANOVAs) with Bonferroni-corrected post hoc tests
were calculated to examine group differences in sample characteristics, evaluating differ-
ences between clinical and non-clinical subgroups separately for each experimental block.
A comparison between the participants in the excluded and overincluded conditions was
performed for the demographic variables using a t test for independent samples. As sug-
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gested by the literature [33], a specific variable called manipulation check was created using
two specific items included in the NTS scale to explicitly evaluate the participants’ per-
ception of being manipulated during the task. The difference between groups playing the
exclusion and overinclusion blocks was estimated using a t test for independent samples.
The pre-and-post Cyberball PANAS, SRS, TBS, and TRS scores were tested with a series of
general linear models (GLMs) for repeated measures with Tukey HSD (honestly significant
difference) post hoc analysis. A first analysis level was characterized by comparing the two
conditions separately, then a series of GLMs with two factors between groups (condition
and diagnosis) and one factor within group (time) was performed. Different t tests for
paired samples were applied for the evaluation of the effect of the Cyberball task and are
reported in the Supplementary Materials (Tables S1–S4). Different correlation analyses
were performed for each subgroup using Pearson’s correlations for the subscales of the
NTS and the differences (D, calculated as pre- minus post- scores) in PANAS, SRS, TBS, and
TRS scales. The α was corrected for multiple comparisons with the Bonferroni correction,
with p values equal to or lower than 0.013 considered significant, with the exception of the
GLM analysis, which was subject to an HSD correction as specified above. The effect sizes
were calculated with partial eta squared (ηp2). Cronbach’s α was measured to evaluate
the internal consistency of the questionnaires. All data were analyzed using IBM SPSS
Statistics 25.0 software (SPSS, Chicago, IL, USA).

 

Figure 1. Graphical representation of the procedure. Before the task, participants filled out a series
of questionnaires that were partially repeated after the task to record their emotions and thought
changes. EDE-Q: eating disorder examination questionnaire; PHQ-9: Patient Health Questionnaire;
PANAS: Positive and Negative Affect Schedule; SRS: stress-related scale; TBS: thoughts about binge
scale; TRS: thoughts about restrict scale; NTS: need threat scale.

3. Results

The demographic and psychological characteristics of the participants are summarized
in Table 1. For the age of participants, underage participants comprised seven with AN
(17%), five with BN (13%), three with BED (13%), and five in the HW group (10%), with
no significant differences in distribution (p = 0.201). Nineteen patients (16%) were being
medicated with selective serotonin reuptake inhibitors or benzodiazepines at the time of
testing: 10 in the overinclusive condition (four patients with AN, three with BN, and three
with BED) and nine in the excluded one (three patients with AN, three with BN, and three
with BED). The main results were confirmed after the exclusion of these participants.

No significant differences emerged between the participants in the excluded and
included conditions regarding the main demographic and psychological characteristics
considered at baseline; for more information, see Supplementary Materials.
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Table 1. Demographic and clinical characteristics of the participants.

AN
n = 42

BN
n = 40

BED
n = 40

HW
n = 50

F
p

ηp2 Post Hoc

Age, years 24.62 (8.26) 23.60 (6.86) 30.28 (9.67) 24.16 (3.41) 7.454 <0.001
0.117

AN < BED (p = 0.003)
BN < BED (p < 0.001)
HW < BED (p = 0.001)

BMI, kg/m2 16.68 (0.87) 20.05 (2.06) 33.13 (10.05) 21.45 (2.96) 75.419 <0.001
0.574

AN < BN (p = 0.007)
AN < BED (p < 0.001)
AN < HW (p < 0.001)
BN < BED (p < 0.001)
HW < BED (p < 0.001)

Menarche, years 12.71 (1.29) 11.98 (1.19) 11.79 (1.27) 12.38 (1.58) 3.887 0.010
0.065 BED < AN (p = 0.014)

Education, years 13.98 (2.79) 15.21 (2.95) 14.83 (3.09) 16.06 (2.74) 4.106 0.008
0.069 AN < HW (p = 0.004)

Illness duration, months 5.83 (5.99) 5.76 (6.72) 12.14 (9.53) - 22.638 <0.001
0.307

AN < BED (p < 0.001)
BN < BED (p < 0.001)

PHQ-9 10.02 (4.57) 12.70 (5.75) 10.65 (4.29) 6.14 (3.94) 15.975 <0.001
0.222

HW < AN (p = 0.001)
HW < BN (p < 0.001)

HW < BED (p < 0.001)

EDE-Q Global 13.65 (8.23) 20.21 (8.59) 20.01 (5.36) 7.36 (6.44) 32.269 <0.001
0.366

HW < AN (p < 0.001)
AN < BN (p < 0.001)

AN < BED (p = 0.001)
HW < BN (p < 0.001)

HW < BED (p < 0.001)

Table reports means and (standard deviation), with ANOVAs’ F and post hoc analyses. BMI: body mass index; AN:
anorexia nervosa; BN: bulimia nervosa; BED: binge eating disorder; HW: healthy women; PHQ-9: patient health
questionnaire; EDE-Q: eating disorder examination questionnaire; post hoc analysis with Bonferroni correction.
Significant p values after Bonferroni correction are reported in bold.

3.1. Exclusion Condition

Means, standard deviations, and the results of the post hoc tests are reported in Table 2,
while the following paragraph reports the results of the between group comparisons.

Participants with AN showed lower scores for the NTS subscales than HW, BED,
and BN participants (see Table 2). The evaluation of the positive subscale of the PANAS
revealed the presence of significant main effects of time (F(1, 79) = 26.810, p < 0.001) and
diagnosis (F(3, 79) = 5.169, p = 0.003), as well as a significant time by diagnosis interaction
(F(3, 79) = 6.225, p = 0.001). Post hoc analyses showed that HW reported higher scores than
all of the ED groups and was the only group that displayed a significant decrease in positive
emotions following the Cyberball task (t(24) = 7.582, p < 0.001; see Supplementary Materials
for the pre and post Cyberball comparisons). A significant time by diagnosis interaction
was also observed for the negative subscale of the PANAS (F(3, 79) = 11.328, p < 0.001) with
HW displaying an increase in negative emotions (t(24) = −5.630, p < 0.001) and BED patients
displaying a significant decrease in negative emotions (t(19) = 2.977, p = 0.008) following the
exclusion condition. Regarding the SRS scale, a significant main effect of diagnosis by time
emerged (F(3, 82) = 4.467, p = 0.006), with BN patients displaying the highest level of stress
and BED patients the lowest. No differences due to exposure to the Cyberball task, however,
were observed in any of the groups. In the TBS scale, no significant effect of diagnosis by
time emerged in the change of the thoughts comparing before and after the Cyberball task
(F(3, 82) = 5.223, p = 0.025). Lastly, in the TRS scale the analyses revealed the presence of
significant main effects of time (F(1, 82) = 7.167, p = 0.009), and diagnosis (F(3, 82) = 4.193,
p = 0.008), along with a significant time by diagnosis interaction (F(3, 82) = 3.619, p = 0.013),
with both HW and BED patients displaying a significant reduction in thoughts about
restriction (BED: t(19) = 2.651, p = 0.016; HW: t(24) = 2.619, p = 0.015). Post hoc tests
revealed that both BN and AN patients reported significantly higher thoughts about
restricting eating than HW. See Figures 2 and 3 for a graphical representation of the data.
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Table 2. Need threat scale (NTS) results and comparisons.

Exclusion Condition

AN
n = 22

BN
n = 19

BED
n = 20

HW
n = 25

F
p

ηp2 Post Hoc

% passes 16.70 (8.30) 15.30 (8.30) 17.10 (8.90) 21.20 (7.80) 2.181 0.096
0.074

Belonging 9.95 (3.61) 12.53 (4.51) 13.30 (2.03) 12.48 (3.11) 3.934 0.011
0.126 AN < BED (p = 0.012)

Self-esteem 10.50 (3.79) 11.95 (5.17) 14.20 (2.14) 14.00 (3.33) 4.922 0.003
0.153

AN < BED (p = 0.011)
AN < HW (p = 0.011)

Meaningful existence 10.00 (4.27) 13.42 (4.68) 13.00 (2.43) 14.32 (3.20) 5.728 0.001
0.173

AN < BN (p = 0.026)
AN < HW (p = 0.001)

Control 7.68 (1.81) 8.84 (3.53) 8.85 (2.39) 9.52 (2.43) 2.024 0.117
0.069

Manipulation check 7.41 (2.13) 6.37 (2.29) 6.90 (2.38) 6.52 (2.31) 0.890 0.450
0.032

Overinclusion Condition

AN
n = 20

BN
n = 21

BED
n = 20

HW
n = 25

F
p

ηp2 Post Hoc

% passes 67.50 (15.80) 53.90 (13.50) 72.00 (5.20) 55.80 (12.20) 10.828 <0.001
0.284

BN < AN (p = 0.004)
HW < AN (p = 0.013)
BN < BED (p < 0.001)
HW< BED (p < 0.001)

Belonging 20.25 (3.31) 17.81 (3.12) 21.95 (2.74) 21.16 (3.05) 7.221 <0.001
0.209

BN < BED (p < 0.001)
BN < HW (p = 0.002)

Self-esteem 16.70 (4.85) 12.71 (3.86) 19.05 (2.52) 17.60 (3.49) 10.909 <0.001
0.285

BN < AN (p = 0.006)
BN < BED (p < 0.001)
BN < HW (p < 0.001)

Meaningful existence 18.80 (4.25) 17.05 (2.04) 20.90 (2.10) 20.32 (2.75) 7.462 <0.001
0.214

BN < BED (p < 0.001)
BN < HW (p = 0.002)

Control 15.95 (5.96) 13.05 (3.37) 13.45 (4.12) 16.32 (3.08) 3.483 0.019
0.113 BN < HW (p = 0.050)

Manipulation check 2.60 (1.31) 2.29 (0.72) 2.00 (0.00) 2.12 (0.60) 2.191 0.095
0.074

AN: anorexia nervosa; BN: bulimia nervosa; BED: binge eating disorder; HW: healthy women; post hoc analysis
with Bonferroni correction. Significant p values after Bonferroni correction are report-ed in bold.

3.2. Overinclusion Condition

Means, standard deviations, and the results of the post hoc tests are reported in Table 2,
while the following paragraph reports the results of the between group comparisons.

The overinclusion block demonstrated the following effects: BN patients showed
lower scores regarding fundamental psychological needs than both BED patients and HW,
and patients with AN and BED reported a higher rate of estimated passes than patients
with BN and HW (see Table 2). The analyses conducted on the positive subscale of the
PANAS revealed a significant main effect of diagnosis (F(3, 80) = 14.563, p < 0.001) and time
by diagnosis interaction (F(3, 80) = 8.860, p < 0.001). Post hoc tests showed that patients
with BN displayed the lowest score, followed by patients with AN, and finally by patients
with BED and HW, who had the same score. With regards to the interaction, while HW
displayed a significant increase in positive emotions following the overinclusion condition
(t(24) = −3.565, p = 0.002), patients with AN displayed a decrease (t(19) = 2.629, p = 0.015;
not significant for this study). In the negative subscale of the PANAS, the analyses revealed
a significant main effect of time (F(1, 80) = 8.451, p = 0.005), and diagnosis (F(3, 80) = 9.460,
p < 0.001) but only a tendency to significance for time by diagnosis interaction, considering
the corrected p value (F(3, 80) = 3.580, p = 0.017). The analyses conducted on the SRS
scale revealed a main effect of time (F(1, 82) = 6.554, p = 0.012), a main effect of diagnosis
(F(3, 82) = 8.500, p < 0.001), and a significant time by diagnosis interaction (F(3, 82) = 3.423,
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p = 0.021). Post hoc testing showed that patients with BN and AN reported a higher stress
level than BED patients, and only patients with BN displayed a significant reduction in the
reported stress level (t(20) = 3.782, p = 0.001). Regarding the TBS scale, a significant main
effect of time (F(1, 82) = 28.654, p < 0.001) and a significant time by diagnosis interaction
(F(3, 82) = 14.780, p < 0.001) were found with patients with BED displaying a significant
decrease in thoughts about binging (t(19) = 4.819, p < 0.001). Lastly, the analyses conducted
on TRS showed only a main effect of diagnosis (F(3, 82) = 14.307, p < 0.001), with BN
patients displaying higher scores on this scale. No differences due to exposure to the
Cyberball task, however, were observed in any of the groups. See Figures 2 and 3 for a
graphical representation.

 

Figure 2. Graphical representation of the PANAS scores, with means and standard deviations. For all
the pairs of bars, the one on the left is pre-Cyberball, and the one on the right is post-Cyberball. The
bars show the presence of a significant difference between pre and post comparisons (red bars) or
between diagnoses (black bars).

3.3. Conditions Comparison

Looking at the effects between exclusion and overinclusion conditions, we found
significant differences for all the NTS subscales and the percentage of the ball passes, with
participants who reported higher scores after overinclusion condition (p < 0.001 for all the
subscales—belonging, self-esteem, meaningful existence, control, and manipulation check—
and p = 0.003 for the percentage of the ball passes). Looking at the interaction between
conditions and groups, we found significant differences for belonging (F(3, 164) = 4.308,
p = 0.006, ηp2 = 0.860), self-esteem (F(3, 164) = 3.896, p = 0.010, ηp2 = 0.820), meaningful
existence (F(3, 164) = 4.800, p = 0.003, ηp2 = 0.897), the percentage of the ball passes
(F(3, 164) = 9.252, p < 0.001, ηp2 = 0.996), and a tendency to being significant for the control
(F(3, 164) = 3.109, p = 0.028, ηp2 = 0.717), but no differences in regard to the manipulation
check (F(3, 164) = 0.502, p = 0.681, ηp2 = 0.151). Looking at pairwise comparisons, significant
differences emerged between BN and BED (p = 0.001), and BED and HW (p = 0.037), for the
percentage of the ball passes. For belonging, significant differences emerged between AN
and BED (p = 0.001), AN and HW (p = 0.022), and BN and BED (p = 0.009). For self-esteem,
significant differences emerged between AN and BED (p = 0.001), AN and HW (p = 0.016),
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BN and BED (p < 0.001), and BN and HW (p < 0.001). Finally, for meaningful existence,
significant differences emerged between AN and BED (p = 0.001), AN and HW (p < 0.001),
and BN and HW (p = 0.027).

 

Figure 3. Graphical representation of the SRS, TBS, and TRS in the Cyberball conditions, with means
and standard deviations. For all the pairs of bars, the one on the left is pre-Cyberball, and the one on
the right is post-Cyberball. The bars show the presence of a significant difference between pre and
post (red bars) comparisons or between diagnoses (black bars).

Looking at the interactions of time, conditions, and diagnoses, we found several
significant main effects. The PANAS positive subscale showed a significant interaction
(F(3, 159) = 14.686, p < 0.001), with significant comparisons between diagnoses at the post
hoc analysis: AN �= HW with p < 0.001, BN �= BED with p < 0.001, and BN �= HW with
p < 0.001. The same was for the PANAS negative subscale, which showed a significant
interaction (F(3, 159) = 11.331, p < 0.001) with specific differences between diagnoses:
AN �= BN with p = 0.009, BN �= BED with p < 0.001, and BN �= HW with p < 0.001.
Looking at the SRS scale, we found a significant interaction (F(3, 164) = 3.444, p = 0.013)
with specific differences between diagnoses: AN �= BED with p = 0.001, BN �= BED with
p < 0.001, and BN �= HW with p = 0.002. The TBS scales also showed significant interaction
(F(3, 164) = 10.740, p < 0.001) with only one significant difference at the post hoc analysis:
AN �= BED with p = 0.036. Differently, no significant interaction was found for the TRS
scale (F(3, 164) = 1.411, p = 0.241).

3.4. Correlations

In the excluded condition, correlation analyses found that while both HW and AN
patients showed no significant results among the included psychological variables; the BN
and BED groups showed negative correlations between fundamental needs (NTS scores)
evaluated after the Cyberball task and the modification of their emotional states. Moreover,
BN patients showed a negative correlation between the meaningful existence subscale
and the change in their stress level (r = −0.696), while BED patients showed a negative
correlation between the belonging NTS subscale and changes in their thoughts about
restriction level (r = −0.728). In the overinclusion condition, BN patients showed negative
correlations between changes in all of the thoughts scores and part of the NTS scores
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(meaningful existence and DSRS, r = −0.606; belonging and DTBS, r = −0.690; control and
DTBS, r = −0.564; self-esteem and DTRS, r = −0.610), while BED patients showed positive
correlations (belonging and DSRS r = 0.612; self-esteem and DSRS, r = 0.757; meaningful
existence and DSRS, r = 0.734; control and DSRS, r = 0.717; control and DTBS, r = 0.604;
self-esteem and DTRS, r = 0.738). No correlations emerged for the HW and AN groups. See
Supplementary Materials for details. Regarding age at menarche, no significant correlation
emerged in either condition or any of the groups.

4. Discussion

The current study examined changes in emotions, stress, and eating disorder attitudes
after a simulated social overinclusion or exclusion scenario via a ball-tossing game. This
is the first study that examined the effect of social exclusion and overinclusion across the
ED spectrum and aimed to extend the previous findings in patients with AN, looking for
similarities or differences between the entire spectrum of patients with ED.

Evaluation of the perception of ball passes showed that all the subgroups could dis-
criminate between exclusion and overinclusion in the ball-toss game; our results confirmed
preliminary evidence about the ability of AN patients to determine the nature of a social
scenario [1,41] and added new data for patients with BN and BED. For participants’ percep-
tion of their overinclusion or exclusion in the game, more significant differences emerged
during the overincluding paradigm, confirming that social comparison is a vulnerability
aspect that should be carefully considered when treating ED patients [52].

Some peculiarities concerning the specific ED diagnosis also emerged. Patients with
AN demonstrated psychological difficulty in being excluded by peers with lower scores at
the evaluation after the Cyberball task [41], while BN patients showed that overinclusion
by peers could be more complex to manage.

Indeed, patients with BN reported that interpersonal exposure induced by the over
including condition results in lower scores for self-esteem and sense of belonging than other
participants. Both of these elements agree with the interpersonal model for ED [15], which
shows that AN patients have more fear of negative evaluations, while BN patients have
higher rates of negative interactions with others. Our results align with the impaired social
effects of interpersonal interaction that are linked, in BN patients, more to the reduction of
negative emotions than to an increase in positive ones (see above). Our results highlighted
different risk factors in the interpersonal domain for each clinical group, demonstrating
specific psychological needs that should also be considered in the therapeutic process [53],
especially looking at personalized approaches [54].

In line with our previous study, the data indicate difficulties in emotional reactivity in
AN patients after being ostracized [41], reporting a higher negative impact on self-esteem,
sense of belonging, and psychological well-being. The new data, however, show that this
aspect is a key feature characterizing the entire ED spectrum, with no differences among
ED diagnoses (AN, BN, BED). The difficulties in understanding their emotional states
may suggest a possible cognitive factor that has a role in developing and maintaining
dysfunctional behaviors across the entire spectrum [52,55]. Indeed, looking at the affective
response to the Cyberball paradigm, no significant differences emerged between clinical
groups in the excluded condition. Moreover, significant changes in the emotional state were
reported only by healthy individuals. This aspect might underline an impairment in ED
patients’ ability to understand their emotional states linked to interpersonal interactions,
in line with dysfunctional emotional reactiveness and interpersonal models of EDs [56].
Patients might present a reduced emotional reactivity to this kind of social interaction or
task, corroborating the previous data about the possible presence of impaired emotional
reactivity in patients with an ED [57]. Indeed, different studies have pointed out the
possible role of emotion regulation in EDs, showing the relevance of targeting emotional
skills in treatments [58,59]. However, another possible explanation is the presence of high
alexithymia, a severe trait present in patients with EDs, or dissociation during the task due
to a non-acceptance of emotional changes [60,61].
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Interestingly, patients with BED reduced their negative emotional state after being
excluded, which was linked to the high level of belonging reported on the NTS scale. The
same results have been found in post-bariatric patients [62], where the same correlations
were found, showing a similarity in interpersonal skills difficulties [63] that might be
explained by a shared impaired capacity to understand and code their own emotions [21].
Indeed, although the link between precipitating negative affect and binging is already
well documented, little is known about the cognitive or behavioral chain; moreover, recent
evidence has demonstrated the importance of intra-individual variability in the precipitat-
ing affective processes and the control of food-related impulsivity [64]. Another possible
explanation might be the presence of an emotional detachment response to acute social
exclusion that has been proposed as an “invisible shield”, with an automatic emotion pro-
cess in which positive emotions become highly accessible [65]. This process might be true
for people with high social negative evaluations and exclusion [23,66], such as individuals
with BED [67]. For these reasons, future studies might focus on emotional processing in
individuals with BED, and could evaluate the implementation of emotional recognition
and interpretation in a psychological approach that has already shown interesting effects in
the reduction of food impulsivity [68,69], looking at personalized and improved treatment
approaches [70].

In the overincluding paradigm, patients with BN showed a significant decrease in
negative emotions, with a possible positive effect of social interactions on negative emo-
tions but not on positive emotions that may be linked to an impaired reward from social
interactions [71]. Interestingly, even if overinclusion reduced stress levels in BN patients,
no differences emerged regarding eating thoughts, corroborating the evidence that patients
with BN could present a dissociation between emotional states and psychopathological
behavioral responses [28].

Several studies in the literature have pointed out the role of the age of menarche in
emotional regulation and social cognition [72–74]. Our data do not support this aspect, but
the heterogeneity of the sample and the specificity of the relationship between EDs and
menarche might be considered for future evaluations. Indeed, bodily changes after menar-
che are possible stressors for developing an ED, impacting the physiological relationships
between the hormonal cycle and the development of cognitive functions such as emotional
regulation due to dysfunctional eating behaviors [75–77].

No relationships emerged between psychological need, psychopathology, and eating
thoughts in the control group, which differed from previous literature and may be linked to
the different tasks applied [35]. Overall, the HW group reported the largest modulation of
emotional states in this experiment, corroborating the idea that individuals with EDs apply
maladaptive strategies in interpersonal emotion regulation [19]. These data are in line with
the possible role of rumination and thought suppression as cognitive dysfunctional emotion
regulation strategies in individuals with ED [78]. Rumination—an obsessive and passive
focus on the meaning, causes, and consequences of emotions—and suppression thereof—
disengagement from unwanted thoughts—are maladaptive strategies to disengage from
the context. They have been related to dysfunctional eating behaviors in patients, with a
paradoxical increase in negative emotions and cognitions [78] that might also be a difficult
trait in patients [79].

Although the relevance of interpersonal relationships has been noted in several treat-
ment approaches, from interpersonal therapy to family-based therapy and the Maudsley
Model (MANTRA), more studies are needed [19]. Emotional regulation has been shown to
have a relevant role in the treatment pathway, possibly impacting the therapeutic alliance
and recovery. Our data showed a dynamic response modulation in patients with AN,
suppression of emotional changes and increased eating behaviors in BN patients via social
manipulation, and difficulties in emotional self-reading in BED patients linked to social
cues. This indicates specific differences regarding social cognition in the ED spectrum that,
as suggested by a recent literature review, require more study [1]. These aspects might
also be important in different scenarios and have been pointed out as crucial, for example,
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during the COVID-19 pandemic [80]. Indeed, the disruption of social connections and
routines has been related to more severe psychopathology, and impaired coping strategies
in social situations might explain different responses to the pandemic [81–83], calling for
new studies in the field.

This is the first study to apply the Cyberball task to the whole spectrum of EDs, and
the main strength is the experimental psychopathological approach applied, but upon
examining our results, several limitations should be considered. First, the self-reporting
nature of the data could affect the self-report results, and future studies should include
different ways to record participants’ responses (e.g., skin conductance, heartbeat). Second,
in seeking increasing homogeneity, we included only female participants, but this choice
could limit the generalizability of the results. Third, this is a laboratory-based experiment.
Even if none of the participants were familiar with the Cyberball task before the session or
reported doubts about the real presence of the other participants, more studies are needed
to confirm our results and to compare a laboratory task to real-world situations. Fourth,
our results need to be replicated and confirmed with larger populations and from different
experimental studies. Finally, in evaluating the psychological effects of the Cyberball task,
we included participants of different ages, but we may have lost some specific differences
between adolescents and adults that could be investigated in future studies.

5. Conclusions

Despite some limitations, this is the first study to evaluate the effect of social exclusion
and overinclusion across the ED spectrum. Our results highlight the relevant role of the
interpersonal domain in EDs, showing possible trigger mechanisms in either overinclusion
or exclusion that could directly affect eating behaviors. Indeed, participants from the
general population shown the largest emotional modulation considering both conditions,
while patients with AN showed a different vulnerability toward being ostracized and
overincluded than those with BN or BED, suggesting that more studies are needed in order
to comprehend patients’ ability to understand social, emotional, and interpersonal scenar-
ios [1,20]. Interpersonal emotion regulation and its relationship with eating behaviors in
patients with EDs should be evaluated with different laboratory tasks, examining possible
differences due to the duration of the disorder or age of the participants (adolescence
vs. adulthood). Future studies should include different psychological constructs such as
social anxiety and fear of positive/negative evaluations, seeking improved differentiations
that could help clinicians create personalized interventions. Indeed, the research should
look for specific training that could improve the coping strategies and treatment outcomes
proposed in the literature, from the cognitive approach to emotional cues to approaches
more linked to the third generation of cognitive therapies [84,85].
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Abstract: The general lockdown decreed in Spain due to the COVID-19 pandemic interrupted the
ALAS health promotion intervention aimed at the population at high risk of suffering from type 2
diabetes. We conducted a descriptive study in 2020 through a telephone survey and a comparison
with baseline data to determine the impact of confinement on the lifestyles of the participants.
We collected sociodemographic variables and conducted assessments before/after confinement on
general health status and lifestyle (sleep, physical activity and diet). Additionally, weight, BMI and
adherence to a Mediterranean diet were assessed. Descriptive statistical analyses, comparisons of pre–
post confinement data and logistic regression were carried out. A total of 387 individuals responded.
Among them, 31.8% reported a worse perception of health after confinement, and 63.1% reported no
change. Regarding exercise, 61.1% reduced their weekly physical activity time. Regarding diet, 34.4%
perceived worse quality, and 53.4% reported no change, despite the fact that 89.4% declared changes
in their eating practices. Weight and BMI decreased by 3.1%, and adherence to the Mediterranean
diet improved from baseline. Confinement had a negative impact on the general health, diet, sleep
and physical activity of this population (at risk of diabetes); however, weight and BMI decreased,
and adherence to a Mediterranean diet improved.

Keywords: diabetes type 2; prediabetes; health promotion; general lockdown; COVID-19; lifestyle;
diet; physical activity; obesity; Mediterranean diet; eating habits

1. Introduction

In March 2020, the WHO declared COVID-19 a global pandemic [1]. Following the
increase in SARS-CoV-2 infections and observing the responses of many other countries, on
15 March 2020, a state of emergency was decreed in Spain [2]; the decree included general
home confinement, which affected the majority of the population and sought to reduce
the spread of the pandemic. In Spain, the confinement lasted until June, almost 100 days.
It involved drastic changes in the day-to-day lives of the population; therefore, health
habits were affected, as various studies have already reported [3–6]. There were significant
impacts on the mental health of the population [7,8]; physical activity (PA) decreased [9];
sleep time and quality were altered [10]; and eating habits changed [11–13].

These impacts of general confinement applied at the population level have had impor-
tant effects on society [14]. The effects that confinement may have on people with chronic
diseases that are associated with lifestyle habits, for example, diabetes, or risk factors for
developing chronic diseases are particularly relevant [15,16].

The high-risk intervention implemented through the ALAS programme includes
individualised care and an intensive and structured group education workshop aimed at
people with grade II overweight, obesity and/or a high risk of type 2 diabetes. The aim of
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the programme is to address and prevent these diseases by promoting changes in lifestyles,
such as healthy eating, following a Mediterranean Diet and regular PA.

The programme began in 2011 and continues today. An effectiveness study was
conducted with 1629 people who participated between 2016 and 2019 [17], concluding that
(1) at the end of the intervention, 85% had lost weight, with 43% losing more than 5% of
their baseline weight; (2) 22.3% of the people with obesity no longer presented obesity;
(3) 35.1% of people classified as prediabetic according to the criteria of the American
Diabetes Association became normoglycaemic; and (4) the effects on weight lasted at least
6 months after the end of the intervention.

Since September 2019, prior to confinement, 533 people have enrolled in the pro-
gramme. Due to social isolation measures, the programme was interrupted. The partici-
pants who had started the intervention and the workshops were confined to their homes.

The purpose of this study is to describe the impact of confinement on the lifestyles of
this sample of people with excess weight and/or a high risk of diabetes who had initiated
an intervention programme to modify their health status.

2. Materials and Methods

2.1. Design

This was a descriptive study conducted in Madrid from May to June 2020, when the
general confinement measures were de-escalated. A questionnaire was administered by
telephone to people who were implementing the intervention programme. The interviews
were conducted by health professionals affiliated with the programme and served simul-
taneously to maintain contact with the participants. Some data collected (weight, BMI,
adherence to a Mediterranean diet) could be compared with baseline data collected previ-
ously for the programme. Therefore, a pre–post quasi-experimental design was possible.

2.2. Participants

The target population was the 553 people who had started the workshop in the ALAS
programme between September 2019 and March 2020. The inclusion criteria to enter the
programme were to be over 18 years of age and have one of the following: a BMI over
30 or BMI between 27 and 30 with an abdominal circumference risk (greater than 88 cm
in women or 102 cm in men) or a FINDRISC (Finnish type 2 Diabetes Risk Score) greater
than 14, this instrument having been validated for the Spanish context [18]. Participants
accessed the programme through municipal health centres or were referred by municipal
occupational health services (aimed at city council workers).

2.3. Description of the Programme

The ALAS intervention, based on the Diabetes Prevention Programme [19], consists
of an intensive and structured intervention lasting 6 months that includes an individual
intervention programme and a group education workshop [20] of 10 sessions (2 h each),
over a period of 6 months, aimed at reducing weight, improving diet and increasing
PA. The specific objectives of the programme include a 5% reduction in body weight,
improvement in adherence to a Mediterranean diet, improvement in participation in PA
and improvement in glycaemic status (for those with prediabetes).

2.4. Variables

The questionnaire, which combined ad hoc-designed impact measurements with
validated tools, had different blocks:

2.4.1. Sociodemographic and Participation Data

Age, gender, country of birth, marital status, education level and employment status
were collected. Information was also collected on housing and cohabitants during confine-
ment: number of cohabitants, cohabitants under 14 years of age (yes/no), cohabitants older
than 65 years of age or dependents (yes/no), size of residence (square metres) and access
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to the internet from home (Yes/No). With these variables, the density of inhabitants per
household was calculated in square metres per inhabitant.

The following variable was collected for participation in the programme: number of
sessions until interruption.

2.4.2. Health Status and Lifestyle Data

General health status: General health status before and after confinement was assessed
through a Likert-type scale with 5 response options: very good, good, fair, poor and
very poor.

Health-related life habits: Diet before and after confinement was assessed using a
Likert-type scale with 5 response options (from 1 (unhealthy) to 5 (very healthy)). Partic-
ipants were asked about changes in 12 practices related to diet that may have occurred
due to confinement (better/same/worse): quantity of food consumed; variety of foods;
regularity of meal times; snacking between meals; consumption of fresh, packaged and
processed foods, sweets, pastries, soft drinks and alcoholic beverages; menu planning; time
dedicated to cooking; and financial ability to implement a healthy diet. A validated ques-
tionnaire on adherence to a Mediterranean diet (MEDAS 14) [21] is used as an assessment
tool for the programme. The questionnaire has 14 items related to the weekly frequency of
the consumption of certain products, such as vegetables, oil and legumes. Each item has a
cut-off value based on recommendations, and the global scale differentiates among high,
medium and low adherence to a Mediterranean diet. Regarding physical exercise, the num-
ber of days per week and the average time spent exercising before and after confinement
were assessed. Sleep time (total, day and night) and sleep quality (reduced or maintained)
during confinement were also investigated.

2.4.3. Anthropometric Data

While baseline data were collected by programme professionals taking actual mea-
surements, weight and height during confinement were self-reported, from which the BMI
was calculated.

These data were paired to baseline data (weight, BMI and diet adherence) collected
through the programme at the beginning of the intervention while maintaining anonymity.
Variations in weight, BMI and diet adherence before and after confinement were calculated.
In addition, the percentage of people who had achieved a 5% reduction in baseline weight was
calculated; this variable is one of the main evaluation objectives of the ALAS programme.

2.5. Analysis

A descriptive analysis of all data was performed. The health and lifestyle variables
were crossed, and chi-square tests and ANOVA were used to explore bivariate relationships.
The factors related to the deterioration of general health or diet were adjusted using logistic
regression models; the adjusted ORs are presented with the corresponding confidence
intervals. The models were adjusted for all of the variables that had a significance of at
least 90% and whose omission did not alter the parameters of the remaining variables by
more than 5%.

For the pre–post analysis, weight, BMI, % obesity and adherence to a Mediterranean
diet were compared using t-tests. Logistic regression analysis was performed to adjust the
factors related to achieving a 5% reduction in baseline weight.

2.6. Ethical Aspects

The study complied with the principles of the Declaration of Helsinki of 2013. All
participants gave their informed consent to answer the questionnaire and were informed
that their collaboration was voluntary, anonymous and not conditional on their subsequent
participation in the programme. The study was approved by and received ethical consent
from the municipal health promotion service of Madrid Salud, which ensured anonymity
throughout the process.
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3. Results

3.1. Description of the Sample

A total of 387 (72.6%) of the 533 participants enrolled in the ALAS programme from
September 2019 to February 2020 responded to the survey. There were no differences
between the participants and non-participants in terms of age and sex, although the
participants had a higher percentage of people with obesity at baseline (69.4 vs. 59.1) and
therefore higher weight, waist circumference and baseline score of FINDRISK.

The mean age of the participants was 57.5 years (SD = 12.1; Rank = 18 − 86), and 77.9%
of the sample were women. A total of 25.6% had not participated in any workshop sessions,
42% had participated in 1 to 5 sessions, and 32.4% had participated in 6 or more (complete
intervention according to the ALAS programme protocol). The sociodemographic and
housing characteristics of the sample are shown in Table 1, stratified by gender.

Table 1. Sociodemographic and housing characteristics of the sample by gender.

Total
N (% Column)

Men
N (% Column)

Women
N (% Column)

p *

Sample 387 85 299 -

Sociodemographic variables

Age
≤44 years 52 (13.7) 13 (15.3) 39 (13.4)

0.932
45–54 years 81 (21.4) 18 (21.2) 63 (21.6)
55–64 years 134 (35.4) 31 (36.5) 102 (39.4)
≥65 years 112 (29.6) 23 (27.1) 88 (30.1)

Origin
Spain 349 (90.4) 80 (94.1) 267 (89.3)

0.498Latin America 32 (8.3) 5 (5.9) 27 (9)
Other 5 (1.3) - 5 (1.7)

Marital status
Married or with a

partner 219 (57.6) 61 (74.4) 157 (53.8)

0.001Single 74 (19.5) 16 (19.5) 58 (19.9)
Separated or divorced 43 (11.3) 2 (2.4) 40 (13.7)

Widowed 40 (10.5) 3 (3.7) 37 (12.7)
Complete studies
Primary or lower 128 (34.6) 24 (29.3) 102 (35.7)

0.492
Secondary 45 (12.2) 13 (15.9) 32 (11.2)

Baccalaureate or VE 92 (24.9) 19 (23.2) 73 (25.5)
University 105 (28.4) 26 (31.7) 79 (27.6)

Employment situation
Working 153 (41.2) 38 (46.9) 115 (39.9)

0.038
Unemployed 47 (12.7) 5 (6.2) 42 (14.6)

Retired/pension 146 (39.4) 37 (45.7) 107 (37.2)
Home care 23 (6.2) 1 (1.2) 22 (7.6)

Student 2 (0.5) - 2 (0.7)

Housing variables

Number of cohabitants
One 81 (21.8) 9 (11) 71 (24.7)

0.038
Two 151 (40.7) 41 (50) 109 (38)

Three 73 (19.7) 15 (18.3) 58 (20.2)
More than three 66 (17.8) 17 (20.7) 49 (17.1)
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Table 1. Cont.

Total
N (% Column)

Men
N (% Column)

Women
N (% Column)

p *

Household size (m2)
≤60 73 (20.6) 17 (22.1) 55 (20)

0.014
61–80 136 (38.4) 26 (33.8) 109 (39.6)
81–100 84 (23.7) 12 (15.6) 72 (26.2)
>100 61 (17.2) 22 (28.6) 39 (14.2)

Density of household
inhabitants (m2x

cohabitant)
≤25 91 (25.8) 19 (25) 72 (26.2)

0.972
25.5–37.5 95 (26.9) 22 (28.9) 72 (26.2)

38–50 66 (18.7) 14 (18.4) 52 (18.9)
>50 101 (28.6) 21 (27.6) 79 (28.7)

Cohabitants in charge
Children 52 (14) 12 (14.5) 39 (13.6) 0.849

Seniors/dependents 45 (12.2) 8 (9.8) 37 (13) 0.432
With internet access 319 (86.7) 73 (88) 244 (86.2) 0.684

* p value for the chi-square test of the relationship between the variable and gender, where <0.05 is considered a
significant relationship.

3.2. Impact on Self-Perceived Health

Before confinement, 73.9% of the participants claimed to have good or very good
health, with 19.4% and 6.7% reporting fair and bad or very bad health, respectively; during
confinement, these percentages changed to 53.2%, 33.9% and 12.9%, respectively. A total
of 31.8% of the participants reported a worse perception of their health after confinement,
with 63.1% maintaining their self-perception of health and 5.1% reporting an increase. The
worsening of the self-perceived state of health after the onset of the pandemic was related to
being affected by obesity, being single, separated or divorced, and living with dependents;
in contrast, living with minors was associated with preventing a deterioration in health
(Table 2). When these factors were adjusted in a logistic regression model that included age
and self-perceived health status before the pandemic, the effect of living with minors as
a protective factor against deterioration was maintained (OR = 0.16; 95% CI = 0.06−0.43),
and obesity was maintained as a risk factor (OR = 2.41; 95% CI = 1.36−4.28).

Table 2. Factors related to the deterioration of self-perceived health during confinement.

Worse Health Status
N (% Row)

Not Worse Health Status
N (% Row)

p *

Sample 118 (31.8) 253 (68.2)
Age

≤44 years 17 (37.8) 28 (62.2)

0.117
45–54 years 32 (41) 46 (59)
55–64 years 41 (31.5) 89 (68.5)
≥65 years 28 (25.2) 83 (74.8)

Gender
Men 27 (32.5) 56 (67.5)

0.903Women 91 (31.8) 195 (68.2)
Pre-confinement BMI

classification
Normal weight 4 (22.2) 14 (77.8)

0.004Overweight 19 (22.1) 67 (77.9)
Obesity 94 (40.9) 136 (59.1)
Origin
Spain 104 (30.9) 233 (69.1)

0.218Other 14 (41.2) 20 (58.8)
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Table 2. Cont.

Worse Health Status
N (% Row)

Not Worse Health Status
N (% Row)

p *

Marital status
Married or with a partner 60 (28.2) 153 (71.8)

0.020
Single 18 (41.9) 25 (58.1)

Separated or divorced 30 (42.9) 40 (57.1)
Widowed 8 (20) 32 (80)

Complete studies
Primary or lower 31 (25.2) 92 (74.8)

0.129
Secondary 13 (29.5) 31 (70.5)

Baccalaureate or VE 34 (38.2) 55 (61.8)
University 39 (37.5) 65 (62.5)

Employment situation
Working 52 (35.1) 96 (64.9)

0.559
Unemployed 15 (34.1) 29 (65.9)

Retired/pension 43 (29.5) 103 (70.5)
Home care 5 (22.7) 17 (77.3)

Access through occupational
health

Yes 14 (29.2) 34 (70.8)
0.674No 104 (32.2) 219 (67.8)

Number of cohabitants
One 30 (37) 51 (63)

0.219More than one 86 (29.9) 202 (70.1)
Household size (m2)

≤60 25 (34.7) 47 (65.3)

0.325
61–80 38 (27.9) 98 (72.1)
81–100 33 (39.3) 51 (60.7)
>100 18 (29.5) 43 (70.5)

Density of household
inhabitants (m2x cohabitant)

≤25 34 (37.8) 56 (62.2)

0.259
25.5–37.5 31 (32.6) 64 (67.4)

38–50 15 (22.7) 51 (77.3)
>50 33 (32.7) 68 (67.3)

Cohabiting minors
Yes 5 (9.8) 46 (90.2)

0.000No 112 (35.1) 207 (64.9)
Cohabiting elderly

individuals/dependents
Yes 21 (46.7) 24 (53.3)

0.022No 96 (29.7) 227 (70.3)
Internet access

Yes 107 (33.6) 211 (66.4)
0.118No 11 (22.4) 38 (77.6)

* p value for the chi-square test of the relationship between the variable and worsening health status, where <0.05
is considered a significant relationship.

3.3. Impact on Sleep Habits

A total of 28.3% of the participants reduced their total sleep time during confinement,
59.3% maintained it, and 12.4% increased it. Regarding sleep quality, 39.6% believed that it
worsened during confinement; for 53.9%, sleep quality remained the same, and for 6.5%,
it improved. Sleep time at night decreased for 35% of the people surveyed, was similar
to that before confinement for 55.5% and increased for 9.4%. Simultaneously, sleep time
during daylight hours increased for 15.4% of the people surveyed, remained the same for
75.7% and decreased for 8.9%.
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The worsening of sleep quality was related to being a woman or being unemployed
(p < 0.05). Sleeping less during the day was statistically significantly related to having
children or living with older dependents. The worsening of general health and diet during
confinement was also significantly related to a worse quantity and quality of sleep. Age
was also a factor. Younger people had greater sleep disturbances and worse sleep time and
quality than did older people: 51.1% of participants under 45 years of age perceived worse
sleep quality during confinement, followed by those who were 45–54 years of age, 43%;
between 55 and 64 years of age, 40.3%; and those over 65 years of age, 31.5%.

3.4. Impact on Physical Exercise

Before confinement, 8.1% of the participants did not perform any type of weekly phys-
ical exercise; after confinement, this percentage increased to 28.6%, while 61% decreased
the time they dedicated to physical exercise, with 24.4% reporting an increase and 14.6%
reporting no change. Participants were physically active, on average, for 5 h per week
(range: 0–35; SD = 4.2) before confinement and 3.4 h on average after confinement (range:
0–35; SD = 4). Before confinement, 60.3% met the recommendation of 30 min of physical
exercise daily; after confinement, this percentage decreased to 40.8%.

The impact of confinement on PA was related to previous participation in PA (Table 3).
A reduction in PA was related to greater-than-average participation in PA previously. In
contrast, an increase in PA was related to participating in less PA before confinement.
The participants who reported an increase in PA did so for an average of 3.9 h per week
(SD = 4.3), 173% (SD = 214.5) of their pre-pandemic PA time. Those who reduced their
participation in PA did so by an average of 4.2 h per week (SD = 3.6), 72% of the pre-
pandemic PA time (SD = 28.7). These variations were significant (t-test, p < 0.01). Among
the people who increased their PA, 36.7% met the recommendation of 30 min per day
before confinement, increasing to 84.4% after confinement; for those who reduced their PA,
compliance decreased from 73.8% to 22.2%.

Table 3. Relationship of the impact of confinement on physical activity based on previous activity.

All Increase PA Maintain PA Reduce PA p

(% row) 100 24.4 14.6 61.0 -
Weekly PA time PRE (hours x week) 5.0 2.9 3.9 6.1 <0.01 *

Weekly PA time POST (hours x week) 3.4 6.8 3.9 1.8 <0.01 *
Variation in weekly PA time PRE–POST (hours x week) 1.6 3.9 - −4.2 <0.01 *

Mean % of PA time variation (% of PRE time) −8.7 173 - −72.6 <0.01 *

PA = physical activity. * ANOVA of the time dedicated to PA according to impact (increase/maintain/decrease).

3.5. Impact on Diet

The average assessment of eating practised before confinement was 3.78 (SD = 0.89)
on a scale of 1 to 5 (1: unhealthy; 5: very healthy). After confinement, the average was 3.47
(SD = 1.09), representing a significant difference (paired-samples Student’s t-test, p < 0.001).
A total of 34% reported a worse diet (scored worse) after confinement, 53.4% maintained
their diet without changes, and 12.2% improved their diet. The relationship between the
characteristics of the sample and the impact of confinement on the self-perception of their
diet is shown in Table 4, and the adjustment by logistic regression is shown in Table 5.
The negative impact of confinement on diet, adjusted for the assessment of diet before
confinement (those who had a better diet experienced a greater negative impact), was
significantly related to being middle-aged (45–64 years), living in a residence with less
than 25 m2 per cohabitant, living with elderly individuals or dependent people and being
affected by obesity.
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Table 4. Relationship between factors and the impact of confinement on diet.

Worse Diet
N (% Row)

Maintained Diet
N (% Row)

Improved Diet
N (% Row)

p *

Sample 127 (34.4) 197 (53.4) 45 (12.2)
Age

≤44 years 16 (35.6) 20 (44.4) 9 (20)

0.000
45–54 years 35 (44.9) 31 (39.7) 12 (15.4)
55–64 years 54 (41.9) 63 (48.8) 12 (9.3)
≥65 years 20 (18.2) 79 (71.8) 11 (10)

Gender
Men 27 (32.9) 45 (54.9) 10 (12.2)

0.929Women 100 (35.1) 150 (52.6) 35 (12.3)
Pre-confinement BMI

classification
Normal weight 4 (22.2) 12 (66.7) 2 (11.1)

0.023Overweight 19 (22) 55 (64) 12 (14)
Obesity 94 (40.9) 110 (47.8) 26 (11.3)
Origin
Spain 109 (32.6) 181 (54.2) 44 (13.2)

0.040Other 18 (51.4) 16 (45.7) 1 (2.9)
Marital status

Married or with a partner 75 (35.7) 115 (54.8) 20 (9.5)

0.012
Single 19 (44.2) 20 (46.5) 4 (9.3)

Separated or divorced 25 (35.2) 31 (43.7) 15 (21.1)
Widowed 6 (15) 29 (72.5) 5 (12.5)

Complete studies
Primary or lower 34 (27.6) 74 (60.2) 15 (12.2)

0.012
Secondary 17 (37.8) 27 (60) 1 (2.2)

Baccalaureate or VE 35 (39.8) 46 (52.3) 7 (8)
University 37 (35.9) 45 (43.7) 21 (20.4)

Employment situation
Working 62 (41.9) 65 (43.9) 21 (14.3)

0.006
Unemployed 21 (46.7) 21 (46.7) 3 (6.7)

Retired/pension 35 (24.3) 92 (63.9) 17 (11.8)
Home care 6 (28.6) 14 (66.7) 1 (4.8)

Access through
occupational health

Yes 20 (41.7) 22 (45.8) 6 (12.5)
0.488No 107 (33.3) 175 (54.5) 39 (12.1)

Number of cohabitants
One 21 (37.1) 147 (51.4) 33 (11.5)

0.170More than one 106 (25.9) 48 (59.3) 12 (14.8)
Household size (m2)

≤60 22 (30.1) 44 (60.3) 7 (9.6)

0.653
61–80 44 (32.6) 72 (53.3) 19 (14.1)

81–100 34 (41) 38 (45.8) 11 (13.3)
>100 19 (31.7) 34 (56.7) 7 (11.7)

Density of household
inhabitants (m2x

cohabitant)
≤25 48 (52.7) 37 (40.7) 6 (6.6)

0.002
25.5–37.5 28 (29.5) 53 (55.8) 14 (14.7)

38–50 18 (28.1) 36 (56.3) 10 (15.6)
>50 25 (25) 61 (61) 14 (14)

Cohabiting minors
Yes 107 (33.9) 173 (54.7) 36 (11.4)

0.290No 20 (38.5)) 23 (44.2) 9 (17.3)
Elderly individuals or
cohabiting dependents

Yes 102 (31.7) 179 (55.6) 41 (12.7)
0.016No 24 (53.3) 17 (37.8) 4 (8.9)

Internet access
Yes 9 (18.4) 34 (69.4) 6 (12.2)

0.026No 118 (37.3) 159 (50.3) 39 (12.3)

* p value for the chi-square test of the relationship between the variable and worsening health status, where <0.05
is considered a significant relationship.
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Table 5. Adjusted effects of variables related to post-confinement diet deterioration.

Adjusted OR 95% CI

Cohabiting with elderly individuals or
dependents

No Ref -
Yes 2.55 1.22–5.32
Age

≤44 years 1.47 0.58–3.73
45–54 years 3.16 1.42–7.02
55–64 years 2.51 1.27–4.96
≥65 years Ref -

Density of household inhabitants
≤25 m2x cohabitant 2.70 1.26–5.78

25.5–37.5 m2x cohabitant 1.10 0.53–2.31
38–50 m2x cohabitant 1.68 0.74–3.78
>50 m2x cohabitant Ref -

Pre-confinement BMI classification
Normal/overweight Ref -

Obesity 2.24 1.19–4.21
Assessment of diet BEFORE confinement

(scale 1–5) 1.54 1.12–2.12

Regarding the 12 dietary practices that were assessed (Table 6), 89.4% of the par-
ticipants had modified at least 1 during confinement (average of 4.3 practices changed).
Modifying a practice (increasing or decreasing) was related to a self-perception of the dete-
rioration of diet during the pandemic: 37.3% of those who modified their practices reported
a worse diet, and among those who did not change dietary practices, 10.3% reported a
worse diet.

Table 6. Change in dietary practices during confinement.

Change in Practices during Confinement

Less
N (% Row)

Same
N (% Row)

Greater
N (% Row)

Healthy practices

Time spent cooking 24 (6.5) 217 (58.6) 129 (34.9)
Planning menus 61 (16.5) 244 (65.9) 65 (17.6)

Consumption of fresh food 43 (11.6) 267 (72.2) 60 (16.2)
Variety of foods 64 (17.3) 257 (69.5) 49 (13.2)

Regularity of schedules 66 (17.8) 270 (73.0) 34 (9.2)
Financial ability to have a

healthy diet 35 (9.5) 325 (87.8) 10 (2.7)

Unhealthy practices

Unhealthy snacking between
meals 55 (14.9) 150 (40.7) 164 (44.4)

Consumption of sweets and
pastries 64 (17.3) 167 (45.3) 138 (38.4)

Amount of food consumed 64 (17.3) 173 (46.6) 134 (36.1)
Consumption of soft drinks 72 (19.5) 251 (67.5) 47 (12.7)

Consumption of
packaged/processed foods 76 (20.5) 252 (68.1) 42 (11.4)

Consumption of alcoholic
beverages 67 (18.1) 264 (71.4) 39 (10.5)

People over 65 years of age changed their practices the least, those younger than
45 years reduced healthy practices the most, and those aged 45–54 years increased their
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unhealthy practices the most. All participants who lived with minors changed their
eating practices: this change was significantly associated (p < 0.05) with increasing healthy
practices and reducing unhealthy practices, with the exception of the financial ability to
implement a healthy diet, which was significantly lower in households with minors than
in the rest (19.6% vs. 7.9%).

Some healthy practices increased, such as spending more time in the kitchen and the
consumption of fresh food, and others were reduced, such as the regularity of meal times
or the variety of foods consumed. The same happened with less healthy practices: snacking
between meals, the consumption of sweets and pastries, and the amount of food consumed
increased, and the consumption of packaged and processed foods, soft drinks and alcoholic
beverages was reduced.

3.6. Weight Variation, BMI and Adherence to a Mediterranean Diet

Complete pre- and post-confinement weight data were obtained for 84% of the sample
(n = 325). The majority (64.3%) lost at least 1 kg of weight from the baseline measurement.
A total of 16.9% maintained their weight, and for 18.8%, their weight increased. On average,
the surveyed population lost 2.7 kg (SD = 4.9), i.e., 3.1% of their baseline weight (SD = 5.5).
Among the people who gained weight, the average gain was 3.4 kg (SD = 3.1) or 4% of
their baseline weight (SD = 4), and among those who lost weight, the average loss was
5.2 kg (SD = 4) or 6% of their baseline weight (SD = 4.1). Weight loss was related to having
accessed the programme through municipal occupational health services and being initially
classified as overweight (not presenting obesity). Weight loss was also inversely related to
the consumption of processed foods: among the people who reduced this consumption,
89.9% lost weight; among those who maintained consumption, 60.7% lost weight; and
among those who increased consumption, 55.3% lost weight.

The variations in weight, BMI and adherence to a Mediterranean diet are shown in
Table 7. Of the 322 people with complete data, 68.6% were classified as affected by obesity,
25.8% were overweight and 5.6% were normal weight at baseline; after confinement, the
classification percentages were 58.1%, 34.8% and 7.1%, respectively. A total of 14% had
a lower classification level (from obesity to overweight or from overweight to normal
weight), 84.5% remained in the same classification, and 1.6% increased. Among the people
initially classified as affected by obesity, 16.7% became overweight.

Table 7. Variations in weight, BMI and adherence to a Mediterranean diet.

N Pre Post Variation p *

Weight (average kg) 325 86.9 84.2 2.7 <0.01
BMI 322 32.97 31.93 1.03 <0.01

% With obesity 322 68.6 58.1 10.6 <0.01
% High adherence to a Mediterranean diet 287 18.5 29.6 11.1 <0.01

* p value for the t-test of the measurement of the paired variable before and after confinement.

The variables that were statistically significantly related (p < 0.05) to the decrease in
BMI after confinement were access to the programme through the municipal occupational
health service (27.3% reduced BMI, compared to 11.9% of those who accessed the pro-
gramme through community health centres), overcrowding in the home (17.3% in homes
with less than 25 m2/habitant, compared to 6.8% in those with more than 50 m2/habitant)
and employment status (17.7% in workers and 15.5% in retirees vs. 2.6% in unemployed
and none of those who were dedicated to home care). The variation in BMI was not signifi-
cantly related to the number of sessions performed, to the abandonment of the intervention
or to not having performed any sessions.

Of the 287 people with complete MEDAS-14 data, 17.5% had low adherence to a
Mediterranean diet at baseline, 65.9% had medium adherence, and 16.5% had high ad-
herence. After confinement and starting the ALAS intervention, 6.1% had low adherence,
63.3% had medium adherence, and 30.6% had high adherence. A total of 31.4% improved
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their adherence, 56.4% maintained it, and 12.2% lowered it. A total of 83.3% of participants
with low adherence at baseline improved.

This variation in adherence was not significantly related to the characteristics of the
sample or to the variables related to the implementation of the intervention (number of
sessions, dropouts, not performing any session), although the people who had participated
in at least one session improved adherence more than those who had not participated in
any (34.1% vs. 21.9%; p = 0.064).

Thirty-two percent (104) of the sample with complete weight data lost at least 5%
of their initial weight, one of the main objectives of the ALAS programme. The adjusted
factors related to this objective (Table 8) were accessing the programme through municipal
occupational health services, having high adherence to a Mediterranean diet, having
improved menu planning, being of non-Spanish origin and living in households with 80 to
100 m2. Thirty-six percent of the people who completed three or more sessions of the ALAS
workshop met the goal of a 5% or more reduction in their baseline weight, with 25.6% of
those who did not participate in any sessions achieving the same goal; the difference was
not statistically significant (p = 0.401 in the chi-square test).

Table 8. Adjusted effect of the factors related to a 5% reduction in baseline weight.

Adjusted OR 95% CI

Access through occupational health
No Ref -
Yes 4.93 2.09–11.61

Adherence to a Mediterranean diet
Medium or low Ref

High 2.76 1.48–5.13
Planning menus

Less than or equal Ref
Major 2.53 1.22–5.25
Origin
Spain Ref
Other 3.28 1.25–8.64

Household size
≤ 60 m2 2.15 0.75–6.13
61–80 m2 1.47 0.57–3.77

81–100 m2 3.13 1.19–8.27
> 100 m2 Ref

Density of household inhabitants
≤ 25 m2x cohabitant 1.17 0.50–2.69

25.5–37.5 m2x cohabitant 0.63 0.28–1.41
38–50 m2x cohabitant 2.15 0.94–4.94
>50 m2x cohabitant Ref

4. Discussion

The results of this study indicate the important impact that general confinement has
had on the lifestyles of people at high risk of having diabetes who have begun an intensive
health promotion intervention. Although the majority of people maintained their self-
perception of health, approximately one-third reported worse sleep and diet quality and
decreased PA. Changes in feeding practices varied and had positive and negative effects.
In the sample studied, there was a significant reduction in weight and therefore in BMI, as
well as an improvement in adherence to a Mediterranean diet.

Although 63.1% of the participants stated that there were no changes in their general
self-perception of health during confinement, 31.8% reported that it was worse. This
negative impact of confinement on the self-perception of health in general [22,23] and
mental health specifically [24] has been noted in various studies conducted in recent years.
There are factors, such as the context in which confinement took place [22] or the existence
of chronic diseases or previous mental health problems [25], that have been related to
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this negative impact; however, they were not measured in our study. For other factors
that have been shown to have a relationship, such as gender, age and social position [26],
and that were collected here, the relationships were not maintained after adjustment. For
our participants, being affected by obesity most conditioned the negative impact. While
the relationship between obesity and poor health perception is known [27], there is little
evidence about the relationship between obesity and the impact of confinement, although
the media and scientific publications have already highlighted people with obesity as a
potentially vulnerable population in the face of the imminence of the pandemic [28].

When adjusted for other factors, living with children (regardless of gender) emerged
as a protective factor against the worsening of health or diet perceptions. This is an unex-
pected result; it is possible that confinement offered, among many difficulties, opportunities
to improve care and dedicate more time to cohabitant minors. In fact, people with children
were among those who had to make the most changes in their routines during confine-
ment [29,30]. Other studies of confinement indicate that living with minors is related to a
negative impact on diet [31]; however, the previous literature is divided as to whether it
worsens or improves the household diet [32,33].

Our data indicate that the majority of participants maintained their usual sleep time,
while 28% reduced their sleep time and 12% increased it. However, up to 40% reported
worse sleep quality. A French study [34] and an Australian study [35] also found increases
in the incidence of sleep problems compared to relevant evidence before confinement.
Others [36,37] have also observed this increase, describing associated factors such as
overexposure to blue light due to the increase in the use of devices and in teleworking.

Our results indicate a general decrease in the time dedicated to PA during confinement.
This result is consistent with various studies in the general population conducted for the
same period in Spain [38,39] and in approximately 20 studies in Italy reviewed by Zaccagni
et al. [40]. The results also coincide with a Singaporean investigation based on data
recorded automatically and continuously by bracelets [41]. In contrast, a few studies in
European countries obtained contradictory results that indicate an increase in declared
PA during confinement [42–44]. Consistent with our results, low compliance with the
minimum recommended PA guidelines was also observed among the general population
in Spain [39] and the United Kingdom [42].

Our data indicate that the decrease in PA was not homogeneous for all profiles: those
who reported a higher level of PA before confinement experienced a strong decrease in
compliance with the recommendation of 30 min of daily exercise, and for those who were
less active pre-confinement, compliance with this standard significantly increased. This
finding contrasts with the results of a study from Singapore [41]: i.e., people who decreased
their PA the most were the most inactive before confinement, while those who were the
most active pre-confinement maintained a profile with greater PA, despite a reduction.

Castañeda-Babarro [38] observed a similar reduction in PA that was more intense
among originally more active individuals, a finding that could be explained by the forced
closure of sports facilities during confinement and the lack of sports equipment at home.
Additionally, among the most inactive people before confinement, moderate PA at home
increased [43]. For the most inactive population, confinement represented an opportunity
to dedicate time to PA, while those who were more active may have been limited by the
inaccessibility of the spaces where they generally practised PA (gyms, swimming pools,
parks, etc.).

Although half of the participants believed that there was no impact, one in three
participants perceived that their diet had worsened with confinement. Several studies
agree that diets were mostly maintained [5,43,45,46]. Some studies reported changes in
eating habits; however, the direction of those changes is not clear [3,13]. A study by López-
Moreno et al. [47] of the general population in Spain showed that 54% changed habits, with
38.4% improving and 16% worsening. Additionally, Net-Santé in France [31] indicated that
56.2% of participants changed their eating practices. As in our results, other studies agree
that perceiving a deterioration in one’s diet is related to age [48] and BMI [49]; however,

126



Nutrients 2023, 15, 841

these studies do not relate this perception to the conditions of the home or to living with
elderly dependents.

A study conducted in various European countries by Skotnicka et al. [50] concluded
that people with worse eating habits before confinement experienced a more negative
impact on their diets. In contrast, in our study, the results indicate the opposite. Similar
results were observed in a follow-up of US and UK cohorts [4].

Among the variability in changes in eating habits, evidence from European studies
supports the results obtained in our study, i.e., increased time spent cooking [3,31,43,47,48];
the increased consumption of fresh products, fruits and vegetables [3,12,31,39,43,48]; and
the increased consumption of snacks and sweets [3,12,31,47–51]. In our study, one-fifth
of the participants reduced their consumption of ultra-processed foods, a finding that
is consistent with some studies [43] but that also differs from other studies that warned
of an increase [3,47,52]. In our study, 18.1% of the participants increased their consumption
of alcohol, and 10.5% reduced their consumption; therefore, the impact is not clear. In other
European studies, high variability is noted in the impact on alcohol consumption [3], with
results that indicate that it increases [47–51] and others that indicate that it decreases [12,39,43,53].
These changes in habits seem to have produced slight improvements in adherence to a
Mediterranean diet [50,53], which is considered heart-healthy. In our study, a significant
increase in this adherence stands out (31.4%); however, the majority (56.4%) did not report
significant changes.

These impacts on changes in habits (eating and PA) produced weight changes in people
who lived in confinement; however, these include increases and decreases. Therefore, there
is substantial variability [11,31,47,48], and at the population level, there does not seem to
be a significant effect [54,55]. A longitudinal study in the United Kingdom reported that
there was an increase in average weight at the beginning of confinement but that weight
later decreased, resulting in no impact of confinement on weight [54].

There seems to be some consensus that the people who gained the most weight were
those who were previously affected by obesity or overweight [3,11,54,56]. This contrasts
with the results of our sample: 68.6% were initially affected by obesity, and the majority
(64.3%) lost at least 1 kg of weight and therefore reduced their BMI.

A total of 32% of the sample achieved a reduction of 5% in their baseline weight, one
of the main objectives of the ALAS programme. Although the design of this study did
not allow the establishment of causal relationships, several hypotheses can be proposed to
explain how there was a significant reduction in weight in this sample, while most studies
in Spain and nearby countries indicate that, at the population level, there was no significant
impact. The participants had decided to enrol in a health education programme to modify
their lifestyle; therefore, they were people in a phase of preparation for action according
to the transtheoretical model [57,58] and therefore more likely to make these changes.
In addition, for this population, the ALAS programme serves as a motivator and supports
the implementation of change. In fact, the 32% efficacy in the 5% reduction in baseline
weight is similar to the 34% established in previous evaluations of the programme [17]
for participants who did not complete the intervention. That is, the simple fact of having
access to the intervention (without completing it) may promote change. For this study,
intervention follow-up (number of sessions performed) did not have a significant effect.
By entering the programme (an inclusion criterion in this study), participants meet for an
individual session where they are weighed, measured, given questionnaires on lifestyle
habits and provided information and brief advice to motivate change. This intervention
and brief advice by themselves have already demonstrated some efficacy, although slight
in magnitude, in promoting change [58–60]. Thus, although confinement seems to impact
the weight of the population in a variable direction that results in modest changes at the
population level, other factors were also at play in our study, such as the selection of
a sample motivated to change and the fact that they were already enrolled in a health
promotion programme. These last factors seem to have counteracted the effects of confine-
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ment described in other studies of the general population, particularly among people with
obesity and overweight people.

Although the ALAS programme is carried out in municipal health centres, participants
can either be recruited directly in these centres or start after a referral from the labour
services of the city council. Those who enrol in the programme through the second path are
mainly municipal officials, meaning they are civil servants, a socio-economic profile that
is typically subjected to more favourable social determinants than the general population
captured in universal access services. This may explain why the pre–post results of the
intervention are better in the group of people who accessed the programme through
an occupational health referral, as happened in the evaluation of the ALAS programme
itself [17].

The study had a very high participation rate (72.6%), which is very valuable, given the
difficult moment in which the questionnaire was administered. This success is attributed
to the following: unlike most studies conducted during confinement, instead of opting
for an online questionnaire, a telephone interview was conducted by professionals from
their municipal health centres. Using this approach, barriers to the accessibility of online
questionnaires were overcome; therefore, our sample has a higher proportion of elderly
people and people with low levels of education than do other studies conducted in Spain
in the same period [23,26,29,39,47,50,53]. Additionally, our sample is of particular interest
for evaluating the impact of confinement because the participants were selected precisely
because they are people with obesity and/or have a high risk of developing diabetes in the
next 10 years if they do not modify their lifestyles. As in most studies carried out during
confinement and referenced in this work, weight during confinement, as well as some of
the impacts of confinement, was self-reported. This can potentially produce some biases;
these should be similar to those that occur in the general population in other studies, and
therefore, they should be comparable. There were statistically significant differences in
the baseline weight of the participants compared to the non-participants, and a potential
participation bias was checked. In this case, the results go against the hypothesis, because
those who did not participate were precisely the ones who weighed less, so we understand
that there was not a significant bias. Additionally, complete pre–post data on weight were
not available for 62 participants (16% of the sample). Half of these cases were due to the
fact that the baseline information could not be collected due to the start of the pandemic.
The other half did not know their weight during confinement, as they may not have had
the instruments to measure it. We believe that these data losses are not important enough
to generate a bias in the study.

5. Conclusions

A significant percentage of people at risk of developing chronic diseases who enrolled
in the ALAS health promotion programme between October 2019 and February 2020
perceived that the confinement experienced between March and June 2020 had a negative
impact on their overall health, diet, sleep habits and PA. Interestingly, when compared
with baseline data, weight and BMI decreased, and adherence to a Mediterranean diet
improved. This positive effect on health could be explained by the participants being
prepared to change and finding motivation and support through the ALAS programme.
These results suggest that the development of public health promotion programmes with
high-risk populations not only has a potential direct effect on their participants but can also
protect them from the effects of unforeseen adverse situations threatening the stability of
their health-related lifestyles, such as general confinement in this case. This could orient
policymakers to continue promoting programmes targeting specific vulnerabilities and
striving to sustain these interventions even in times of emergency. Our discussion also
suggests that the satisfactory evolution of the participants during confinement might be
related to the fact that the participants seem to be in an adequate phase of preparation
for changes in their lifestyles. This leads to the recommendation that health promotion
programmes adapt their interventions at the stage of change in the participants, i.e., raise

128



Nutrients 2023, 15, 841

motivation among those who do not present that attitude before prescribing specific routine
transformations among those who are willing to introduce changes in their lifestyles. In
any case, more research is needed to strengthen these ideas.
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Abstract: No study has investigated the effect of the COVID-19 pandemic on the public’s interest in
using energy labelling on restaurant menus. This study explores the effects of the COVID-19 pandemic
on the public interest in using energy labelling on restaurant menus and meal delivery applications
and the impact of energy-labelling availability on food choices during the COVID-19 pandemic in
Saudi Arabia. An online questionnaire was completed by 1657 participants aged ≥ 18 years. Before
the COVID-19 pandemic, 32% of customers visited a restaurant 2–4 times/week. However, during
the pandemic, 35% of customers visited a restaurant only once per week. There was no difference
in interest in reading energy labelling or using meal delivery applications before and during the
pandemic. During the COVID-19 pandemic, about 55% of restaurant customers reported that they
had noticed energy labelling, with 42% of them being influenced by the energy-labelling information.
Regarding energy information on food delivery applications, 40% of customers noticed energy
labelling when using the applications, with 33% of them being affected by the energy labelling.
Customer interest in reading about energy on restaurant menus during the pandemic did not change
significantly from the level of interest before the pandemic. The interest expressed by the public in
using the energy labelling was low both before and during the COVID-19 pandemic.

Keywords: menu-labelling policy; nutrition; restaurants; interest

1. Introduction

The emergence of the COVID-19 global pandemic has added several challenges to
human lives worldwide, causing remarkable impacts on health, lifestyle, social life, and
the economy [1]. In addition, many national and international laws and regulations have
been affected, including energy-labelling policies [2,3].

An example of one such impact is the U.S. Food and Drug Administration (FDA)
energy-labelling policies. The FDA released a guidance document entitled Temporary
Policy Regarding Nutrition Labelling of Standard Menu Items in Chain Restaurants and
Similar Retail Food Establishments during the COVID-19 Public Health Emergency to
provide temporary flexibility to restaurants and similar food retailers required to provide
nutritional information, including calories, on menus and food delivery applications’ menu
boards [3].

In Saudi Arabia, a menu calorie-labelling policy was announced in August 2018 by
the Saudi Food and Drug Authority (SFDA). The policy required all restaurants, including
dine-in restaurants, fast-food restaurants, cafes, ice cream shops, fresh-fruit juice shops,
pastry shops, higher-educational institutions, and governmental agencies to post caloric
information clearly in their menus by the end of December 2018 [4]. Several studies
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were conducted to evaluate public knowledge, attitudes, views, and practices towards
the SFDA’s mandatory menu calorie-labelling policy and the impact of the policy on
the public’s dietary behaviour. Overall, these studies reported adequate knowledge and
positive attitudes and practices related to menu caloric labelling in Saudi Arabia. In
addition, these studies highlighted the importance of menu caloric labelling as a valuable
tool for promoting healthy eating habits and encouraging healthier food selection [5–8].
Unlike the US FDA, the SFDA did not release any temporary guidance to the restaurants in
relation to displaying energy labelling during the COVID-19 pandemic.

Many studies have indicated that energy labelling may have a beneficial effect on
food choices and is effective in reducing energy order and consumption [9]. During the
COVID-19 pandemic, most studies have examined the effect of COVID-19 on eating habits,
food intake, physical activities, and lifestyle [9–19], with no available data on the effect
of the COVID-19 lockdown on public use and interest in using restaurant-menu caloric
labelling worldwide, including in Saudi Arabia. Given the possibility of future public-
health pandemics, it is essential to understand the interest of the public in using energy
labelling during the COVID-19 public-health pandemic. A better understanding of public
perception of energy labelling may provide important information that could be used to
raise awareness on how to utilise energy labelling to improve food choices and reduce
energy intake during a global health emergency.

It has been reported that negative weight-related behaviours, including unhealthy
eating and physical inactivity during the COVID-19 pandemic, were associated with
being overweight and obese, which could make these people more susceptible to chronic
diseases [20]. To address obesity issues and high food consumption during the COVID-19
pandemic, it is recommended that the energy-labelling legislation be adopted to influence
consumer eating choices and reduce the risk of obesity and its complications during any
public health emergency.

This study aims to explore the effects of the COVID-19 pandemic on the public interest
in using energy labels on restaurant menus and meal delivery applications and whether the
availability of energy labelling during the COVID-19 pandemic impacted the public’s food
choices. The findings of this study will help to understand the public’s response toward the
caloric labelling of menus in health emergencies. Further, the data of this study could be
used and put into consideration when developing the guidance document to instruct the
restaurants so that the public can estimate their daily caloric intake and maintain a healthy
lifestyle during any public health emergency.

2. Materials and Methods

2.1. Study Design

A cross-sectional questionnaire-based internet study was conducted from August
2020 to January 2021 by researchers from the National Nutrition Committee on the SFDA
and researchers from King Abdulaziz University and Taibah University in the Kingdom
of Saudi Arabia. The study was approved by the Biomedical Ethics Research Committee
at King Abdulaziz University (Jeddah, Saudi Arabia) (Reference No. 469-20). Informed
consent was obtained from all study participants.

2.2. Participants and Recruitment

A convenience sample of 1657 Saudi adult participants aged ≥ 18 was included.
Participants were asked to complete a publicly distributed electronic questionnaire using
Google Forms. The electronic questionnaire was distributed using the snowball-sampling
method via various social media platforms, such as WhatsApp and Twitter. For WhatsApp,
the link to the questionnaire was sent to all contacts in the personal contact lists of this
study’s authors, including relatives, friends, and neighbors, who were encouraged to send
the link to all their contacts within Saudi Arabia. In addition, the link was shared with
many WhatsApp social groups. On Twitter, the account of the SFDA tweeted the survey
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link, and this study’s authors requested public figures with high numbers of followers in
Saudi Arabia to re-tweet the study questionnaire.

2.3. Sample-Size Calculation

The sample size was calculated using an online calculator (Epi Info) [21] and data
obtained from the General Authority for Statistics on 25,192,780 adult residents and
citizens ≥ 18 years in the Kingdom of Saudi Arabia in 2019 [22]. The calculation showed
that a sample of 1083 was adequate, with a 99.9% confidence interval, and hypothesised a
50% frequency-of-outcome factor in the population.

2.4. Study Questionnaire

The questionnaire was composed of three main sections, with 33 questions requir-
ing approximately 15 min to answer. Four Ph.D. experts from nutritional and health
backgrounds prepared the survey questions. The questionnaire was subjected to validity,
reliability, and internal-consistency testing. Content validity was ascertained by 10 Ph.D.
and M.Sc. experts in nutrition and dietetics, and a content validity index of 0.84 was
achieved. The questionnaire was revised based on the experts’ feedback and comments.
Test-retest reliability was carried out and expressed as a correlation coefficient with an
average value of 0.79. Internal consistency was assessed by Cronbach’s alpha, and values
for different subscales ranged between 0.72–0.88. The questionnaire was then revised
based on their feedback and comments. The modifications included changing the response
options, grouping and breaking down some questions, and including a few more questions.
The questionnaire had five sections, as follows: (1) Demographic characteristics of the
participants included age, sex, marital status, educational level, work status, household
income, field of study, and geographic location. The participants’ background information
included their perceived overall quality of diet, weight perception, whether they had been
diagnosed with COVID-19, their medical status, smoking status, physical-activity level,
and if they knew how to calculate the calories. In addition, participants were asked whether
they agreed, disagreed, or were neutral about the usefulness of energy labelling during
the COVID-19 pandemic. (2) Self-reported weight, body mass index (BMI), and quality of
diet before and during the COVID-19 pandemic. (3) Frequency of restaurant visits and use
of food delivery applications before and during the COVID-19 pandemic. (4) Interest in
energy labelling in restaurant and food-delivery-application menus before and during the
COVID-19 pandemic. (5) The public’s observation of the menu energy labelling and its
impact on participants’ food choices during the COVID-19 pandemic.

2.5. Statistical Analysis

Data were checked and entered using standardised entry codes written on a Statis-
tical Package for the Social Sciences (SPSS, Version 23.0; IBM Corp., Armonk, NY, USA)
v26 data file. The data were presented as frequencies and proportions. Descriptive statis-
tics were used to examine demographic characteristics and food frequency. To test the
difference between two variables, a chi-squared test of independence was used with a
p-value < 0.05, denoting statistical significance. Bonferroni correction was used due to
multiple comparisons.

3. Results

3.1. Demographics and Background of Participants

Table 1 shows the general characteristics of the study participants (n = 1657). The
most frequently reported characteristics of study participants were age between 18 and
24 years (52%), female (81%), single (58%), Saudi (93%), had a bachelor’s degree (53%),
from a scientific background (38%), student (45%), approximately evenly drawn from
across the income categories of no income (29%) or less than 2000 SR (29%), and from the
west region (51%) (Table 1).

135



Nutrients 2023, 15, 466

Table 1. Characteristics and backgrounds of participants (n = 1657).

Variables n %

Age (y)

18–24 854 52
25–39 524 32
40–59 255 15
≥60 24 1

Gender

Male 314 19
Female 1343 81

Nationality

Saudi 1539 93
Non-Saudi 118 7

Marital Status

Single 968 58
Married 574 35
Widower 15 1
Divorced 59 4

Preferred not to say 41 2

Educational Level

High school or less 646 39
University level 877 53
Higher degrees 134 8

Work Status

Student 743 45
Employed 510 31

Unemployed 241 15
Retired 163 10

Income (SR) a

No income 482 29
<2000 SR 476 29

2000–4000 SR 206 12
5000–7000 SR 136 8

8000–10000 SR 133 8
>10,000 SR 224 14

Field of Study

Scientific 615 38
Literature 498 30
Medical 408 25

No specific field 114 7

Region

Central region 499 30
Northern region 68 4
Southern region 53 3
Eastern region 184 11
Western region 853 51

Diagnosed with COVID-19

Yes 236 14
No 1421 86
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Table 1. Cont.

Variables n %

Medical Diagnosis

Reported no diseases 1325.6 80
Cardiovascular diseases b 83.1 5

Osteoporosis 57.1 3
Diabetes 72.1 4
Anemia 123.1 7

Smoking

Yes 115 7
No 1497 90

Ex-smoker 45 3

Physical Activity

Fairly inactive 960 58
Moderately active 538 32

Very active 159 10

Knew How to Calculate Calories

Yes 671 40
No 652 39

Not sure 334 20

Views About the Helpfulness of Energy Labelling During the COVID-19 Pandemic to
Improve Food Choices

Agree 1241 75
Disagree 22 1
Neutral 235 14

Did not know 159 10

n (%) = Data presented as number and percentage; a SR = Saudi Riyal; b Included hypertension, hypercholes-
terolemia, and hypertriglyceridemia.

Regarding participant backgrounds, only 14% of the participants were diagnosed with
COVID-19, 80% reported no diseases, 90% were non-smokers, and 58% were reasonably
physically active. Approximately 40% knew how to calculate calories and 39% did not.
Of the participants, 75% agreed that energy labelling during the COVID-19 pandemic
was helpful.

3.2. Perceived Weight Status, Body Weight, and Quality of Diet

The majority (47%) of participants reported being within the normal weight range, and
31% reported that their weight was slightly above normal. However, during COVID-19,
33% of the participants reported that their weight had increased, and 32% reported that
their weight had not changed. The reported BMI values showed that the participants’
BMI did not significantly change before and during the COVID-19 pandemic. Of the
participants, 72% reported an adequate-to-healthy diet before the COVID-19 pandemic,
with the majority (47%) reporting that the COVID-19 pandemic did not affect their diet.
Only 21% of the participants reported that the COVID-19 pandemic worsened their diet
(Table 2).
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Table 2. Perceived weight status, body weight, and quality of diet before and during the COVID-19
pandemic (n = 1657).

Answers n %

Perceived
Weight Status

Before
COVID-19
Pandemic
(n = 1657)

Below normal 181 11
Within the normal range 774 47

Slightly above the normal weight 515 31
Above the normal weight 123 7

Not sure 64 4

During
COVID-19
Pandemic
(n = 1657)

Yes, gained weight 554 33
Yes, lost weight 379 23

No, weight had not changed 528 32
Not sure 196 12

Body Mass
Index *

Before
COVID-19
Pandemic
(n = 1624)

Underweight 210 13
Normal 741 46

Overweight 410 25
Obese 263 16

During
COVID-19
Pandemic
(n = 1622)

Underweight 201 12
Normal 761 47

Overweight 378 23
Obese 282 17

Perceived Diet
Quality

Before
COVID-19
Pandemic
(n = 1657)

Unhealthy 420 25
Adequate 990 60
Healthy 194 12

Did not know 53 3

During
COVID-19
Pandemic
(n = 1657)

Yes, it improved it 523 32
Yes, it made it worse 352 21

No, it did not affect it 782 47

* Calculated based on self-reported weight and height.

3.3. Restaurant Visits and Use of Food Delivery Applications before and during the
COVID-19 Pandemic

Before the COVID-19 pandemic, the percentage of restaurant visits (2–4 times/week)
was the most frequent among the study participants (32%). However, during the COVID-19
pandemic, visiting restaurants once per week was the most frequent among the study
participants (35%). In addition, there was an increase from 7% to 15% of the participants
who reported not visiting a restaurant during the COVID-19 pandemic. However, there
was no change in the use of food delivery applications before and during the COVID-19
pandemic (Figure 1).

3.4. Interest in Reading Energy Labelling before and during the COVID-19 Pandemic in
Restaurants and Meal Delivery Applications

Table 3 shows participants’ interest in reading the energy labelling in restaurants and
food delivery applications before and during the COVID-19 pandemic. The majority of
participants were either somewhat interested (39%) or not interested (43%) in reading the
energy labelling before the COVID-19 pandemic in restaurants. During the COVID-19
pandemic, the percentage of participants who were somewhat interested was 39%, with a
slight decrease in the number of participants who were not interested at all (38%). Only 17%
of the participants were very interested in reading the energy labelling in restaurants before
the COVID-19 pandemic, and 22% were very interested during the COVID-19 pandemic.
Age, marital status, educational level, and work status were significant variables associated
with the interest in reading the energy labelling before and during the COVID-19 pandemic
in restaurants (p < 0.05). In particular, single young females with bachelor’s degrees were
seen to be more interested in reading the energy labelling during the COVID-19 pandemic.
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Figure 1. Frequency of restaurant visits and using food delivery applications before and after the
COVID-19 pandemic (1657).

Table 3. Interest in reading the energy labelling before and during the COVID-19 pandemic in
restaurants and meal delivery applications (n = 1657).

Variables Restaurant Visits Food Delivery Applications

Before COVID-19 During COVID-19 Before COVID-19 During COVID-19

Extremely
inter-
ested

Little in-
terested

Not in-
terested

Extremely
inter-
ested

Little in-
terested

Not in-
terested

Extremely
inter-
ested

Little in-
terested

Not in-
terested

Extremely
inter-
ested

Little in-
terested

Not in-
terested

Total (%) 17 39 43 22 39 38 17 33 50 20 33 46

Age (y)

18–24 152 (9) 295 (18) 407 (25) 211 (13) 284 (17) 359 (22) 151 (9) 252 (15) 451 (27) 188 (11) 252 (15) 414 (25)
25–39 93 (6) 233 (14) 198 (12) 103 (6) 245 (15) 176 (11) 81 (5) 207 (12) 236 (14) 101 (6) 205 (12) 218 (13)
40–59 40 (2) 115 (7) 100 (6) 52 (3) 112 (7) 91 (5) 39 (2) 88 (5) 128 (8) 45 (3) 92 (6) 118 (7)
≥60 4 (0) 8 (0) 12 (1) 6 (0) 7 (0) 11 (1) 4 (0) 7 (0) 13 (1) 4 (0) 6 (0) 14 (1)

p-value 0.003 <0.000 0.019 0.011

Gender

Male 62 (4) 114 (7) 138 (8) 69 (4) 124 (7) 121 (7) 58 (4) 98 (6) 158 (10) 63 (4) 103 (6) 148 (9)
Female 227 (14) 537 (32) 579 (35) 303 (18) 524 (32) 516 (31) 217 (13) 456 (28) 670 (40) 275 (17) 452 (27) 616 (37)
p-value 0.35 0.973 0.496 0.921

Marital
Status

Single 181 (11) 350 (21) 437 (26) 242 (15) 346 (21) 380 (23) 182 (11) 303 (18) 483 (29) 215 (13) 302 (18) 451 (27)
Married 88 (5) 260 (16) 226 (14) 106 (6) 267 (16) 201 (12) 77 (5) 218 (13) 279 (17) 96 (6) 222 (13) 256 (15)
Widower 0 (0) 5 (0) 10 (1) 2 (0) 3 (0) 10 (1) 1 (0) 3 (0) 11 (1) 3 (0) 2 (0) 10 (1)
Divorced 10 (1) 24 (1) 25 (2) 13 (1) 19 (1) 27 (2) 10 (1) 17 (1) 32 (2) 13 (1) 18 (1) 28 (2)
Preferred

not to
say

10 (1) 12 (1) 19 (1) 9 (1) 13 (1) 19 (1) 5 (0) 13 (1) 23 (1) 11 (1) 11 (1) 19 (1)

p-value 0.011 0.001 0.04 0.034

Educa-
tional
Level

High
school or

less
78 (5) 227 (14) 341 (21) 114 (7) 225 (14) 307 (19) 74 (4) 201 (12) 371 (22) 95 (6) 208 (13) 343 (21)

University
level 174 (11) 368 (22) 335 (20) 218 (13) 369 (22) 290 (18) 170 (10) 309 (19) 398 (24) 208 (13) 307 (19) 362 (22)

Higher
degrees 37 (2) 56 (3) 41 (2) 40 (2) 54 (3) 40 (2) 31 (2) 44 (3) 59 (4) 35 (2) 40 (2) 59 (4)

p-value <0.000 <0.000 <0.000 <0.000

Work
Status

Student 122 (7) 272 (16) 349 (21) 179 (11) 253 (15) 311 (19) 124 (7) 233 (14) 386 (23) 160 (10) 229 (14) 354 (21)
Employed 115 (7) 214 (13) 181 (11) 134 (8) 216 (13) 160 (10) 107 (6) 182 (11) 221 (13) 122 (7) 181 (11) 207 (12)
Unemployed 37 (2) 93 (6) 111 (7) 41 (2) 97 (6) 103 (6) 33 (2) 82 (5) 126 (8) 41 (2) 81 (5) 119 (7)
Retired 15 (1) 72 (4) 76 (5) 18 (1) 82 (5) 63 (4) 11 (1) 57 (3) 95 (6) 15 (1) 64 (4) 84 (5)
p-value <0.000 < 0.000 < 0.000 < 0.000

n (%) = Data presented as number and percentage. The p-values for chi-squared tests were calculated among age,
gender, marital status, educational level, and work status.
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Regarding the use of meal delivery applications, most participants were either some-
what interested (33%) or not interested (50%) in reading the energy labelling both before
and during the COVID-19 pandemic. The percentage of participants who were somewhat
interested was the same at 33%, with a slight decrease in the number of participants who
were not interested at all (46%). Only 17% of the participants were extremely interested
before the COVID-19 pandemic, and 20% were extremely interested during the COVID-19
pandemic. Age, marital status, educational level, and work status were significant vari-
ables associated with the interest in reading the energy labelling before and during the
COVID-19 pandemic when using meal delivery applications (p < 0.05). In particular, single
young participants with bachelor’s degrees were seen to be more interested in reading the
energy labelling when using meal delivery applications during the COVID-19 pandemic.
In addition, there was a positive association between those interested in reading the energy
labelling and their knowledge of how to calculate daily caloric intake (p-value = 0.001).

3.5. The Observation of Energy Labelling and Its Impact on Participants’ Food Choices during the
COVID-19 Pandemic

Only 17% of participants reported an issue using energy labelling during the COVID-
19 pandemic, with 45% reporting no issues and 38% uncertain about their responses.
The issues included energy labelling not being displayed next to all meals on the menu,
energy labelling not displayed next to some meals on the menu, and no response from the
restaurants when asking about energy labelling or inaccurate energy labelling.

During the COVID-19 pandemic, more than half (55%) of participants reported they
had noticed energy labelling in the restaurant at their recent visit, with 21% not noticing
it and 24% not sure if energy labelling was displayed. About 35% of participants who
noticed the energy labelling said that their orders were not affected by the energy labelling,
and 23% said they were not sure about their response at that time. However, 42% of the
participants who noticed the energy labelling said it affected their order by changing the
order (33%), ordering less food (23%), eating less fast food (36%), or choosing another
restaurant (8%). Young (age 18–24) (p < 0.001), single (p = 0.022), and with bachelor’s
degrees (p < 0.001) participants were significantly associated with noticing the menu
labelling during restaurant visits.

Regarding the influence of providing energy information on food delivery applications
during the COVID-19 pandemic, 39% of the participants reported that they had noticed
energy labelling when using food delivery applications, 34% did not notice it, and 27%
were unsure if energy labelling was available. About 39% of participants who noticed
the energy labelling said it did not affect their order, and 28% were unsure about their
responses. However, 33% of the participants who noticed the energy labelling said it
affected their experience by changing the order (33%), eating less food (24%), eating less
fast food (33%), or choosing another restaurant (9%). Young (age 18–24) (p < 0.001), single
(p = 0.009), and students (p < 0.001) participants were significantly associated with noticing
the menu labelling on food delivery applications.

4. Discussion

This observational population-based study aimed to learn more about how the COVID-19
pandemic impacted the public’s interest into using energy labelling on restaurant menus
and food delivery applications across a large, young, and primarily healthy sample of
Saudi adults. Our study is one of the first in Saudi Arabia to investigate the immediate
impacts of COVID-19 on public interest and behaviour regarding caloric displays following
home confinement. There were 1657 respondents, 81% female (n = 1343) and 69% aged
18–30 (n = 1141). The study found that during the COVID-19 pandemic, the participants’
interest in reading caloric information displayed on restaurant menus and meal delivery
applications had not changed. Most participants claimed that they had little or no interest
in energy labelling before or during the COVID-19 pandemic. However, despite their
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low interest, 75% agreed that energy labelling was helpful in improving individuals’ food
choices during the COVID-19 pandemic.

This result contrasts with the findings of another major Saudi study that demonstrated
considerable gains in closer public attention to nutritional panels and other kinds of food
labelling when selecting foods [23]. This could be due to differences in the study population,
as the majority of this study’s participants were young and healthy, with incomes of about
60% less than 2000 Saudi Riyal. In addition, this study survey was disseminated when the
lockdown started to ease. This may have affected the participants’ interest in feeling free
not to check the energy labelling.

Approximately 40% of the participants claimed that they had enough information
to determine their daily caloric needs. This could be attributable to the unchanged BMI
results, which showed that 46% of the participants were within the normal BMI range
before and during the pandemic. This finding is consistent with the 47% of participants
who reported their perceived weight as normal. However, during the COVID-19 pandemic,
33% of participants reported an increased weight. The weight gain could be because about
60% of the participants reported being inactive.

Since the pandemic, people prioritised their health to reduce infection risk by eating
healthy [23]. This study found that 60% of the participants reported an adequate diet, with
only 12% claiming that their diet was healthy before the pandemic. However, 32% of the par-
ticipants reported improving their diet. Similar studies in the Netherlands, Poland, Spain,
and Qatar reported that participants ate healthier meals during the lockdown [10,24–26].
Health consciousness—a person’s health concerns—explains this behaviour [27]. Good
behaviours lead to healthy activities in health-conscious people. The pandemic raised
health awareness [28]. This feature may be positive and essential in bringing about change,
but it may not be enough, especially when changing eating habits [23]. This study found
that 47% of the participants did not change their diet during the COVID-19 pandemic. The
Transtheoretical Model’s phase hypothesis suggests that the coronavirus pandemic may
have caused people to contemplate taking action to change their diet [29]. Thus, people
may need assistance and educational plans to do so going forward.

During the COVID-19 pandemic curve, people ordering food from restaurants and
home delivery applications increased, contributing to a higher daily caloric intake. Recent
research in Saudi Arabia showed that 24–50% of diners used restaurant menus’ caloric
information [5,6,8]. In this study, the percentage of restaurant visits (2–4 times/week) was
the most frequent among participants (32%) before the COVID-19 pandemic. However,
during the COVID-19 pandemic, visiting a restaurant once per week was the most frequent
among 35% of the study participants. In addition, participants who reported not visiting
a restaurant during the COVID-19 pandemic increased from 7% to 15%. The majority
of participants had visited a restaurant 2–4 times/week prior to the pandemic but this
decreased to once per week as a result of the lockdown. In this study, there was no change
in use for meal delivery applications before or during the COVID-19 pandemic. Most
participants (58%) reported being fairly active, and did not report any significant changes
in their BMI during the COVID-19 pandemic. It has been reported that food ordering was
significantly associated with weight gain after one month of lockdown among individuals
in Malaysia [30]. In contrast, the participants in this study reduced their restaurant meals
but did not increase their use of meal delivery services, thus maintaining the same BMI
during the pandemic as prior to the pandemic.

During the COVID-19 pandemic, it became necessary to ensure that all restaurants
disclosed the energy content of foods in both food menus and meal delivery applications
to help people choose healthy food. In this study, 55% noticed energy labelling during
their recent restaurant visits, with 42% saying that the energy information changed their
meal selections. In addition, 40% of the participants noticed the energy information
available on the meal delivery applications, and 33% claimed that the energy labelling
changed their orders. For both restaurants and meal delivery applications, the changes in
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behaviour encouraged participants to change orders, eat less, reduce fast food, or choose a
different restaurant.

People’s nutritional knowledge is strongly correlated with the type of diet they con-
sume, making education on nutrition one of the many factors necessary to bring about
behavioural change. Our findings indicate that less than half of the participants believed
they could determine their daily caloric needs. In addition, we found a statistically signif-
icant correlation between individuals’ interest in energy-labelling information and their
knowledge of caloric calculation. These findings are consistent with earlier Saudi [5] and
international studies [31,32]. Studies in the West have suggested that educational and
nutritional awareness are crucial before making a food choice, increasing people’s adher-
ence to the nutritional facts label [33,34]. There are various models of behavioural change,
including the Transtheoretical Model [35], the social cognitive theory [36], and the planned
behavioural theory [37], that recognise the importance of nutritional-related knowledge,
attitudes, and motives of individuals. These “volitional behaviour” models presume a
logical connection between a person’s thoughts, feelings, intentions, and actions. According
to Sapp [38], a “high threshold level of ‘how to’ and ‘awareness’ nutrition knowledge” is
essential for individuals to decide on healthy choices for eating. On the contrary, erroneous
assumptions and inadequate information could create irrational eating habits. Although
some studies suggest that nutritional knowledge is irrelevant to eating behaviours, nu-
tritional information is necessary for individuals who adopt a healthy diet and cannot
be ignored.

The results of this study should be interpreted with caution due to some limitations.
It should be noted that a cross-sectional study can only address relationships between
variables; it cannot prove causality. Our study’s sociodemographic data may not reflect
the proportional structure of the entire Saudi population because we used convenience
sampling and social media platforms like Twitter and WhatsApp to disseminate the elec-
tronic questionnaire, which may have introduced some minor bias. Convenience sampling
is the most efficient and economical way to collect data from a sizeable demographic
group [39]. In addition, the online survey was a quick and cost-effective approach to collect
self-reported data on participants’ knowledge, attention, and behaviour regarding caloric
display following home confinement in Saudi Arabia. This was a valuable method for
collecting a large number of responses when face-to-face interviews were difficult due to
lockdowns. Furthermore, the perception questions did not evaluate whether people knew
their energy requirements. However, the study’s descriptive findings offer a starting point
for exploring how the public reacts to the COVID-19 lockdown regarding their interest in
menu caloric labelling.

5. Conclusions

The inconsistent changes of food intake that are reported by individuals may not
indicate healthy eating patterns. Still, the pandemic may have instilled a sense of personal
responsibility for one’s health and boosted people’s nutritional interest among the examined
Saudi adult population. In Saudi Arabia, the rate of restaurant delivery and takeout has
increased, along with the prevalence of obesity and sedentary lifestyles. To encourage
a healthy diet and reduce daily calories, it could be helpful to review energy-labelling
practices to enhance their use in both normal and health emergency conditions. For those
already at a higher risk of obesity, this is of paramount importance, especially during times
of crisis and emergency. Education and guidance on energy labelling must be continued to
help improve food choices.
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