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Abstract

Background

Obesity and COVID-19 are at the top of nowadays health concerns with significant crosstalk
between each other. The COVID-19 pandemic negatively affected healthy lifestyles and
increased obesity prevalence. Thus, there was a surge in anti-obesity products (AOPs)
intake. Herein, we evaluated how the pandemic has affected slimming products’ efficacy
and safety in patients seeking weight reduction at an urban, weight management centre in
Alexandria, Egypt. In addition, the effect of AOPs on COVID-19 infection severity was also
appraised to detect whether AOPs can alter COVID-19 host cell entry and infective mecha-
nisms, and thus, affect infection severity.

Methods

Patients were invited to complete an anonymous survey. The survey assessed self-reported
changes in weight, the use of AOPs during the COVID-19 pandemic, COVID-19 infection
severity, AOPs efficacy, and incidence of side effects. Inclusion criteria were obese patients
above 18 years old who got infected by COVID-19 while receiving a single-ingredient AOP.

Results

A total of 462 participants completed our anonymous validated questionnaire. Most of the
participants were females (450; 98.4%) with BMI ranging from 24.98-58.46. Eligible partici-
pants were only 234 and the top-administered products were orlistat, liraglutide, metformin,
green tea, cinnamon, Garcinia cambogia, and Gymnema Sylvestre. In most cases, AOPs
intake was beneficial for COVID-19 infection, and most patients experienced mild-to-moder-
ate COVID-19 symptoms. On the other hand, SARS-CoV-2 significantly interferes with
AOPs’ mechanisms of action which positively or negatively influences their efficacy and side
effects incidence due to predictable pharmacological link.
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Conclusion

Concurrent AOPs intake with COVID-19 infection is a two-sided weapon; AOPs attenuate
COVID-19 infection, while SARS-CoV-2 interferes with efficacy and side effects incidence
of AOPs.

1. Background

Nowadays, overweight and obesity are among global epidemics comprising more than 20%
overweight/obesity prevalence [1]. A dramatic rise in overweight/obesity cases was detected in
low- and middle-income countries, predominantly in urban sectors, representing major risk
factors for myriad chronic illnesses. According to the World Health Organization (WHO),
obesity is defined as an excessive abnormal fat accumulation that poses health risks. Over-
weight individuals have a body-mass index (BMI)>25, and those>30 are considered obese [2].
The pathogenesis of obesity implicates dysregulation of balance between consumed and
expended calories, physical activity, and appetite control. All of these are controlled by leptin,
insulin hormones, and hypothalamic neurons through a complex interplay with hereditary,
environmental factors, and intestinal microbiome [2].

The COVID-19 pandemic caused by the novel coronavirus SARS-CoV-2 seriously affected
billions of people around the globe for >two years. COVID-19 has claimed over 5.6 lives and
has caused all countries worldwide to set policies to implement social distancing and restrict
movement to impede viral spreading. These amendments have caused alterations in food con-
sumption and patterns of physical activity. In addition, remote telework environments were
created that exacerbated the prevalence of obese individuals [1]. These alterations resulted in
long-lasting implications on people’s health beyond SARS-CoV-2 spread mitigation.

A strong association between obesity and COVID-19 infection has been demonstrated
[1,3,4]. Obesity increases the vulnerability to COVID-19 infection as both diseases share com-
mon pathologic pathways. Indeed, the Centers-for-Disease-Control-and-Prevention (CDC)
specified that individuals with a BMI>40 are at a higher risk for severe COVID-19 illness
[5,6].

Furthermore, obesity leads to poor prognosis in patients with SARS-CoV-2 represents a
state of chronic low-grade inflammation. This is because the hyperplastic or hypertrophied
adipose tissues secret various inflammatory products and cytokines causing a hyperinflamma-
tory response leading to hypoxia and ischemia, which results in an oxidative stress state involv-
ing the release of inflammatory proteins and reactive oxygen species that impair the
mitochondrial function worsening COVID-19 prognosis [3]. Moreover, obesity significantly
decreases the effectiveness of COVID-19 vaccines and increases morbidity and mortality from
COVID-19 [1]. Therefore, there are recommendations that individuals with obesity should
closely follow the clinical guidelines for obesity management and that healthcare providers
should ensure that these patients do not stop taking antiobesity agents during the COVID-19
pandemic [3].

Several studies have analyzed the correlation between angiotensin-converting enzyme-2
(ACE2) and COVID-19. ACE2 is a part of the counter-regulatory renin-angiotensin system
that converts angiotensin (Ang)-II to Ang-(1-7). Although the ACE2/Ang (1-7) system exerts
anti-inflammatory/anti-oxidant functions that protect the lung against respiratory distress,
SARS-Cov-2 can utilize ACE2 receptors for host cell entry. Of note, ACE2 expression can be
altered by several factors, including obesity, which could further increase COVID-19-infection
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severity [5]. Cumulative evidence from in-silico and in-vitro studies pointed to increased
ACE2 expression, mostly in the lungs, in obese subjects due to SARS-Cov-2-induced lipid
metabolism dysregulation. Increased ACE2 expression enhances ACE2 receptor-mediated
SARS-CoV-2 viral entry. Subsequently, the dysregulated lipid metabolism increases sterol reg-
ulatory element binding proteins, which in turn suppresses ACE2. ACE2 suppression is the
main driver for COVID-19-coupled lipotoxicity and inflammation. Thus, ACE2 exerts a dual
action during COVID-19 infection; it facilitates viral entry and participates in the demon-
strated COVID-19-associated lipid metabolism dysregulation, a key obesity feature [7].

The increased obesity prevalence during the COVID-19 pandemic, enthused a surge in fol-
lowing dietary restrictions, or more effortlessly, consuming weight reduction products with or
without medical consultation. FDA-approved anti-obesity pharmacotherapy is recommended
for those whose BMI is >30, or >27 with comorbid conditions, or those incapable of losing
weight using lifestyle modification alone. There are only four FDA-approved anti-obesity
drugs for short-term obesity treatment including; orlistat, liraglutide, naltrexone-bupropion,
and phentermine-topiramate, in addition to gelesis which is approved for long-term obesity
control [8]. Due to the growing go-green and returning to nature affinity for fear of adverse
effects from approved prescribed medications, people are progressively administering herbal
preparations. The natural origin of these non-approved herbal products provides users with a
sense of security and encourages long-term use. However, most herbal anti-obesity-products
(AOP) are adulterated with synthetic illegally-added compounds with significant toxicity,
among them are phentermine, sibutramine, amphetamines, bupropion, phenolphthalein, phe-
nytoin and bumetanide [9]. So far, the impact of COVID-19 on the safety and efficacy of the
highly utilized approved and non-approved AOP during the pandemic and the back-influence
of these products on the severity of COVID-19 symptoms seems to be under-investigated.

Though several studies have been published evaluating the impact of COVID-19 on many
disorders including overweight and obesity, little is known about how COVID-19 is influenc-
ing the surge for using prescribed as well as non-prescribed AOP and whether COVID-19 has
an impact on their efficacy and side-effects severity. Further, it is unclear whether AOP can
affect mechanisms used by COVID-19 for host cell entry and infection severity. One study
conducted by De la Rosa et al revealed that patients taking FDA-approved AOP post-COVID-
19 infection have lost significantly less body weight percentage compared to the pre-COVID-
19 group. Moreover, some patients in that study discontinued AOP intake due to reported
incidence of side effects [10]. For this purpose, we evaluated how the pandemic has affected
AOP efficacy and the incidence of side effects in patients seeking weight reduction at a large,
urban, weight management center (Dr. Nilly Shams’ Nutrition Center (NSNC) in Alexandria,
Egypt using a standardized questionnaire. In addition, the effect of AOP on COVID-19 infec-
tion severity was also appraised. To the best of our knowledge, we present the first study that
investigates the possibility of interactions between COVID-19 and AOP.

2. Methods

2.1. Study design and eligibility criteria

Patients> 18 years old seeking weight reduction in the period between 1% March/2020-
1*"March/2022 at NSNC for nutritional weight control in Alexandria, Egypt were invited to
complete an anonymous survey. The survey includes some demographic data and the medical
history of the patients. It assessed self-reported changes in weight and the use of AOPs follow-
ing the issuance of social distancing/stay-at-home policies in 2020.

Inclusion criteria for statistical analysis were being infected by COVID-19 while receiving
the AOPs and receiving single-ingredient AOPs. The survey assessed the changes in
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medication efficacy and the incidence of side effects following COVID-19 infection. Further,
the severity of COVID-19 symptoms during and after AOP intake was also evaluated.

2.2. Sample size calculation

Sample size calculation for cross-sectional studies/surveys was calculated according to Eq (1)
for pursuing scientific rigor [11]. Where Z is the confidence level equals 1.96 for 95% confi-
dence, P is the expected prevalence based on a pilot study (equals 42%), and d is the degree of
precision (margin of error) (estimated to be 5%-6%). The calculated sample size is 374 or 256
for d values 0.05 and 0.06, respectively.

Sample size = Z* x P(1 — P)/d’ (1)

2.3. Ethical approval

The study was approved by the Pharos-University-in-Alexandria (PUA) Research-Ethics-
Committee, Alexandria, Egypt following STROBE guidelines. The ethics committee waived
the need for informed consent.

2.4. Development of the questionnaire

The process of developing and validating a questionnaire followed a Standardized methodol-
ogy that comprised multiple steps; literature review, focus group discussion, pilot study (pre-
testing), validation of the questionnaire, etc. Questionnaire generation comprised the
following steps:

2.4.1. Questionnaire-generation. A literature review was done using PubMed and other
medical search engines to seek research done over the past three years. Based on this compre-
hensive research, questions were generated from formerly related questionnaires. The litera-
ture review was followed by qualitative data analysis and other questions and items were
added. Survey items were written in Arabic language, which could be understood by all the
participants.

The developed questionnaire is presented as a (S1 File) and it generally gathered the follow-
ing information (Fig 1):

Not pre-infected with [t mm s
COVID-19 AND/OR s
administered multi-

ingredient AOPs

All participants (462)

They have to report b Pre-infected with Post-
COVID-19 AND NCGUGEa N tudy COVID-19
Demographic data “mlﬂmudﬂmh- 234)
ingredient AOPs
Post-

Followed nutritional diets COVID-19

Whether being mfec(ed by
COVID-19 during the

‘ All administered AOPs ‘
‘ administration of AOPs ‘

Fig 1. Summary of the main gathered information in the developed questionnaire. Demographic data (age, sex,
weight & height (for calculating BMI), underlying health conditions).

https://doi.org/10.1371/journal.pone.0309323.g001
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o Demographic data (age, sex, weight & height (for calculating BMI), underlying health
conditions. . .).

« Nutritional diets followed by participants.

« All administered AOPs (their side-effects and efficacy (estimated by weight reduction/
week)).

o Whether being infected by COVID-19 during the administration of AOPs.
o Severity of COVID-19 infection (triple scale: mild, moderate, and severe).
o Whether they continued using AOPs post-COVID-19 infection.

o AOPs side-effects post-COVID-19-infection (triple scale: increased, remained the same,
decreased). They had to mention absent or new side effects as well.

« AOP efficacy post-COVID-19 infection (estimated by weight reduction/week) (triple scale:
increased, remained the same, decreased).

2.4.2. Questionnaire-validation by experts. The questionnaire was validated by six
experts who critically and independently validated all questionnaire items following the proce-
dure described by Olson et al [12]. For each question, the reviewers were asked to rate the cog-
nitive characteristics (possibility of failure of the cognitive response process for a question),
and motivational characteristics (whether the question was burdensome, sensitive, or socially
undesirable). For questions rated as possibly experiencing failures, each stage of the cognitive
response process (comprehension, retrieval, judgment, and editing) was rated on a 4-point
scale ranging from not at all likely to very likely that a failure of this stage will occur. Experts
then provided commentaries about the problems they believed would happen.

2.4.3. Pilot study and questionnaire validation. The pilot study aims to detect any ambi-
guity in the participant’s comprehension of the generated questions. The final questionnaire
was posted to 30 participants and minor changes were made to the questionnaire as per their
comments. After that, a survey was performed for questionnaire validation.

In addition, a reliability analysis (Cronbach’s alpha) test was done for the final question-
naire to measure the internal consistency of survey items. Cronbach’s alpha test result was
0.912 indicating high and suitable reliability indices.

2.4.4. Participants and survey procedure. The questionnaire was administered to a total
of 462 participants at NSNC between 16 March/2022 - 16™ June/2022. These participants
were sorted according to the inclusion criteria and only data from eligible participants were
subjected to further analysis.

2.5. Statistical analysis of the data

Data were fed to the computer and analyzed using the IBM-SPSS software package version
20.0. (Armonk, NY: IBM-Corp). Qualitative data were described using numbers and percent-
ages. The significance of the obtained results was judged at the 5% level. The used tests were
the Chi-square test; for categorical variables, to compare between different AOPs and Monte-
Carlo correction; Correction for chi-square when>>20%of the cells have expected count<5.

3. Results
3.1. Participants data

A total of 462 participants completed our anonymous questionnaire between 16™ March/
2022-16'"June/2022. Most of the participants were females (450;98.4%). The percentage of
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A (a) (b)
Chest problems

Mediteran| Combined diet | Hyperlipidemia 9%
diet 11% o Intermittent 10%
1% fasting

Portions diet 34% Hypertension
6% 4%

No medical
problems
_ 49%
hypothyroidism
7%

Low calories
diet

18% Ll Other medical
| Low problems
carbohydrates 21%
26%
] (a) (b)
a = Mild * Moderate  Severe ®Decreased = Remained the same ® Increased
Gymnema ], Gymnema |,
Sylvestre Sylvestre
Garcinia Garcinia
cambogia cambogia
Cinnamon Cinnamon
Green coffee Green coffee
Metformin Metformin
Liraglutide Liraglutide
Orlistat Orlistat
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Severity of COVID-19 infection during AOP intake Efficacy of AOP post-COVID-19 infection
(c) Lessside effects  ®Nochange  # More side effects

Gymnema

Sylvestre

Garcinia

cambogia

Cinnamon

Green coffee

Metformin

Liraglutide

Orlistat _

0% 20% 40% 60% 80% 100%
Change in AOP side effects severity post-COVID-19
infection

Fig 2. Participants’ nutritional diets/medical history and crosstalk between COVID-19 infection and AOPs. A:
Nutritional diets followed by participants (a) and their reported medical history (b); B: 100% stack bar charts showing
the impact of AOP on COVID-19 infection severity and influence of COVID-19 infection on AOP efficacy and
incidence of side effects. (a: Reported severity of COVID-19 symptoms following AOP administration, b: Efficacy of
AOP post-COVID-19 infection, c: AOP side effects severity post-COVID-19 infection. (AOP: Anti-obesity products.
Products included in the table are the top utilized products by the survey-eligible participants. Eligible participants are
those taking only single-ingredient products (n = 234)).

https://doi.org/10.1371/journal.pone.0309323.9002

participants falling into different age categories (subdivided into decades) and their reported
medical history is shown in Fig 2A. BMI for all participants ranged from 24.98 to 58.46. The
BMI and medical history for each age range of participants are also presented in Table 1.

3.2. Participants’ nutritional attitude and surge for weight reduction
during the COVID-19-outbreak

All participants followed certain diets, with intermittent fasting being the most applied diet
(34%) (Fig 2Aa), however, only 72.7% of them were committed to diet rules. Surprisingly, all
participants administered AOP in all its forms whether herbal, non-prescription drugs or
OTC-FDA-approved anti-obesity drugs with or without consultation from the health care pro-
vider. Of them, only 21.2% received anti-obesity FDA-approved medicines, and the remainder
received herbs, with known weight reduction properties, and non-FDA-approved AOP. Most
participants administered multi-ingredient preparations (The analysis of the influence of each
single component was nearly impossible), and thus, their data was excluded from the study.
Only 234 participants administered a single AOP and were eligible for further analysis. About
42%of these eligible participants got infected with COVID-19 during receiving AOP and their
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Table 1. The BMI and medical history for each age range of participants (n = 462).

Age % BMI (kg/m2) Health problems
range | Participants
15-20 5.84% Mean+SD: 33.5 | 81.48%: No health problems, 11.11%: anemia, 7.4%: hypothyroidism
+6.2
Range: 25.4-45.7
20-30 36.36% Mean+SD: 32.8 | 60.12%: no health problems, 6.55%: hyperlipidemia, 4.17%: respiratory problems, 2.38%: diabetes, 26.78%: other
+5.63 problems including psoriasis, osteoarthritis, polycystic ovary, etc..
Range: 25.15-
49.49
30-40 42.2% Mean+SD: 35.35 | 44.1%: no health problems, 12.82%: hypothyroidism, 11.28%: hyperlipidemia, 3.6%: hypertension, 2.56%: diabetes,
+15.98 other medical problems include autoimmune diseases, osteoarthritis, polycystic ovary, etc..
Range: 24.98-
58.46
40-50 13.65% Mean+SD: 34.83 | 24%: no health problems, 10%: osteoarthritis, 8%: hyperlipidemia, 7%: hypothyroidism, 4%: hypertension, 1%:
+6.21 diabetes, other medical illnesses include: depression, benign and malignant tumors, chest problems
Range: 25.63—
54.69
>50 1.06% Mean+SD: 34.79 | 20%: hyperlipidemia, 20%: hypertension, 20%: dysrhythmia, 20%:diabetes, 20: mitral valve problems
+4.57
Range: 29.74-
40.52

https://doi.org/10.1371/journal.pone.0309323.t001

reported data was analyzed to find the inter-correlation between their used AOP and COVID-
19-infection.

3.3. Cross-talk between FDA-approved medications & COVID-19-infection

3.3.1. Orlistat. According to the present survey, 23.8%of eligible participants adminis-
tered orlistat under different brand names. Of them, 66.67%reported an incidence of side
effects. Most reported side-effects were as follows: GIT side-effects (51.8%), rebound increase
in weight after discontinuing the drug (10%), fatigue (10.9%), urticaria (6.67), and CNS side-
effects including; headache and depression (6.67%), Table 2. About 43.33%participants taking

Table 2. Percentages of eligible participants receiving single AOP, reported side effects for each product, and percentage of participants that got infected with
SARS-CoV-2 during AOP intake (n = 234).

AOP* % Eligible participants** taking the Most reported side effects % Participants that got infected with
drug relative to total eligible SARS-CoV-2 during the course of
participants AOP intake
Orlistat 23.8% GIT side effects (51.8%), fatigue (10.9%), rebound increase in 43.33%

weight after discontinuing the drug (10%), urticarial (6.67), CNS
side effects including headache, depression (6.67%)

Liraglutide 12.6% Nausea (53.33%), hypoglycaemia (33.33%), dysrhythmia (6.67%), 80%
menstrual disturbance (6.67)

Metformin 12.2% Hypoglycaemia (66.67%), nausea (50%), dysrhythmia (16.67%) 71%
Green coffee 10.8% Headache (11.11%) 45%
Cinnamon 8.8% GIT disturbance (13.3%), hypertension (6.7%) 60.00%
Garcinia 6% Diarrhea (10%) 44%
cambogia
Gymnema 1.2% - 50%
Sylvestre

*AOP: Anti-obesity products. Products included in the table are the top utilized products by the survey participants.
** Eligible participants are those taking only single-ingredient AOPs.

https://doi.org/10.1371/journal.pone.0309323.t002
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Orlistat got infected with COVID-19 during treatment. The infection was severe in 23.1%of
these patients, mild in 23.1%, and moderate in 54.8%. After recovery from COVID-19, 61.5%
patients continued using Orlistat. Most of them reported unaltered efficacy and 38.5%
reported a decrease in orlistat efficacy in reducing weight. Remarkably, no change in the sever-
ity of orlistat side-effects was observed following infection with COVID-19, as only 7.7%
reported increased severity of GIT symptoms (of note, those who reported severe COVID-19
symptoms were those reporting increased severity of GIT side-effects) (Fig 2B).

3.3.2. GLP-1-receptor-agonists (GLP-RA). 12.6%participants were administering
GLP-RA (liraglutide), Table 2. Among them, 51.7%experienced side effects including; nausea
(53.33%), hypoglycemia (33.33%), dysrhythmia (6.67%), and menstrual disturbance(6.67),
Table 2. Eighty % of participants taking liraglutide caught COVID-19 infection while on ther-
apy. The infection was moderate-to-severe in nearly 80% of these patients and mild only in
20%. Notably, patients experiencing severe COVID-19 symptoms were extremely obese with
BMI >35. Post-COVID-19, only 20%of patients continued using liraglutide and they reported
no influence of the infection on either efficacy or side-effects incidence of the administered
drug (Fig 2B).

3.3.3. Other FDA-approved AOPs. There was no single case in this study where partici-
pants reported the use of any FDA-approved AOPs other than orlistat or liraglutide.

3.4. Cross-talk between non-FDA-approved slimming products &COVID-19

In the current survey, nearly 81% of participants were non-FDA-approved AOPs either drugs
or herbal products without a physician’s prescription. The most used slimming agents were:
metformin garcinia/chromium, green coffee, cinnamon, Coffea-Arabica, African-mango,
Gymnema-Sylvestre, etc. In addition, a huge number of slimming products (mostly imported)
claiming to contain a combination of the above-mentioned herbs were used by the majority of
the participants.

During our data analysis, it was noticed that some participants who administered those
imported multi-ingredient slimming products have reported unrelated side effects to the herbs
enclosed in the product. The reported unrelated side effects include nervousness, insomnia
(one participant reported not being able to sleep for three successive days), headache, palpita-
tions, and hypertension.

3.4.1. Metformin. Metformin was the third in order of the highly-administered single
AOQPs in the current survey. About 12.2%eligible participants were taking metformin and
42.9% of them reported an incidence of side effects. The most reported side effects were hypo-
glycemia (66.7%) and nausea (50%), Table 2. A high percentage of participants who adminis-
tered metformin got infected with SARS-CoV-2 (71%). Around 60% of infected participants
reported experiencing moderate symptoms and ~~40%reported experiencing severe COVID-
19 symptoms. Nearly 94%of these patients continued using metformin after recovery from
COVID-19 and 70%of participants reported no change in metformin efficacy and 30%
reported decreased efficacy. A great percentage of these participants (80%) reported no change
in the severity of metformin side effects post-COVID-19 and 20% reported an increase in the
incidence of hypoglycemia (Fig 2B).

3.4.2. Green-coffee. According to the data obtained from the survey, 10.8%of eligible par-
ticipants were administering green coffee. About 11.11%reported the incidence of headache as
a main side-effect and the remainder 88.99%reported the absence of side-effects, Table 2.
Around 45.44%of these participants were infected with COVID-19 during green-coffee
administration. The infection symptoms were mild in 25%, moderate in 25%, and severe in
50%. After recovery from COVID-19, 66.67% of these participants continued using green
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coffee 50% of them reported a decrease in green coffee efficacy in weight reduction and 50%
reported no change in weight reduction efficacy. However, all participants who continued tak-
ing green coffee after the SARS-CoV-2-infection reported no change in green coffee side-
effects severity (Fig 2B).

3.4.3. Cinnamon. Cinnamon represented the second most administered single-ingredient
herb representing 8.8%of total eligible participants. Only 20%of participants on cinnamon
reported an incidence of side effects. The most reported side effects were GIT disturbance
(13.3%) and hypertension (6.7%), Table 2. Amongst participants taking cinnamon around
60%were infected with COVID-19 during administration. The infection severity was mild in
37.5%, moderate in 30.7%, and severe in 30.8%. A large percentage of these participants
(69.2%) continued using cinnamon after recovery from COVID-19. The majority (84.6%)
reported no change in cinnamon weight reduction efficacy and 15.4%reported decreased cin-
namon efficacy. Most participants (92.3%) stated that there was no change in the incidence of
cinnamon side effects post-COVID-19-infection, whereas, 7.7% reported an incidence of new-
onset GIT symptoms that were not noticed before COVID-19-infection (Fig 2B).

3.4.4. Garcinia-cambogia. Though only 6%eligible participants were administering Garci-
nia-cambogia in its pure form, 48.3%of total participants were administering Garcinia-cambogia-
containing multi-ingredient herbal products under different brand names. The upcoming analysis
concerns the 6%that were administering pure Garcinia-cambogia for a fair evaluation of its impact
on COVID-19-infection severity and the influence of infection on Garcinia-cambogia efficacy and
side-effects incidence. Nearly 90%of participants did not experience any detectable side effects
and only 10% reported an incidence of diarrhea; Table 2. <50%of participants taking pure Garci-
nia-cambogia ("44%) got infected with COVID-19 during Garcinia intake with mild symptoms
in20% and moderate symptoms in 80%. Nearly 60%of participants continued using Garcinia-
cambogia after recovery from COVID-19. Exactly half of them reported maintaining similar effi-
cacy after infection and the other half reported decreased efficacy. Remarkably, no change in side-
effects severity was observed following infection with COVID-19 in all participants who contin-
ued taking Garcinia-cambogia post-COVID-19 infection (Fig 2B).

3.4.5. Gymnema-Sylvestre. A few percent of participants were taking Gymnema-Sylvestre
(G.Sylvestre) as a single-ingredient(1.2%) and all of them negated the incidence of any side-
effects, Table 2. Half of these had mild COVID-19 infection, and the other half were not
infected. All participants that continued using G.Sylvestre post-COVID-19 infection (30%)
were not regularly taking the herb and all negates change in G.Sylvestre efficacy or side-effects
incidence (Fig 2B).

3.5. Comparison between the top-administered AOP according to the
severity of COVID-19-infection during AOP intake

The greatest incidence of severe COVID-19 infection and symptoms was observed in patients
administering green coffee, followed by liraglutide, metformin, and cinnamon with no statisti-
cally significant difference between them. Participants on either Garcinia-cambogia or Gym-
nema-Sylvestre who got infected with COVID-19 did not report the incidence of any severe
symptoms. Reporting experiencing moderate COVID-19 symptoms was the most common
incidence among participants taking AOPs, S1 Table.

3.6. Comparison between the top-administered AOP according to AOP
efficacy and incidence of side-effects post-COVID-19-infection

No single participant reported increased efficacy of any administered AOP post-COVID-19
infection. They mostly reported decreased efficacy of the administered AOPs in reducing
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weight, except for liraglutide and Gymmnema-Sylvestre where patients reported maintaining
their efficacy post-COVID-19-infection, S2 Table. Likewise, participants mostly reported no
change in the incidence of AOP side-effects post-COVID-19-infection for the top-adminis-
tered AOPs in our survey. However, an increased incidence of AOP side effects post-COVID-
19 was reported in some participants administering metformin, orlistat, and cinnamon. Yet, at
the statistical level, the increased incidence of side effects reached a significance level only for
metformin, S3 Table.

4. Discussion

The COVID-19 pandemic seriously affected billions of people around the globe for more than
two years. COVID-19 has caused all people to restrict movement and caused alterations in
food consumption and physical activity patterns. Consequently, obesity prevalence has
increased during the pandemic and there was a great surge in following dietary restrictions
and consuming AOP even without medical consultation. Herein, we aimed to investigate the
impact of COVID-19 on the safety and efficacy of the highly utilized AOP during the pan-
demic in patients seeking weight reduction at NSNC using a standardized questionnaire. In
addition, the influence of these AOPs on COVID-19 infection severity was also appraised.

In general, participants reported decreased efficacy of the administered AOPs in reducing
weight, except for liraglutide and Gymnema-Sylvestre where patients reported maintaining
their efficacy post-COVID-19 infection. In accordance with our results, a study performed by
De la Rosa et al. [10], a retrospective systematic review of electronic medical records and
included patients who started a long-term FDA-approved AOP, reported significantly inferior
weight loss outcomes during the routine clinical practice throughout COVID-19 pandemic
compared to the outcomes observed before the COVID-19 pandemic [10]. An increased inci-
dence of AOP side effects post-COVID-19 was reported in some participants administering
metformin, orlistat, and cinnamon which reached a significance level only for metformin. In
the study of De la Rosa et al. [10], the authors reported that some participants discontinued the
study due to the incidence of side effects without specifying either the administered AOPs for
these participants or their reported side effects.

4.1. Orlistat

Orlistat was the most used AOP by the participants and 23.8%of eligible participants (taking
single-ingredient products) were administering orlistat under different brand names. The
most reported side-effects with Orlistat were the GIT side-effects (51.8%), which is per Orlistat
documented side-effects [13].

About 43%of participants taking orlistat got infected with COVID-19 and most of them
(77.9%) experienced mild-to-moderate infection symptoms, reflecting a possible protective
effect exerted by orlistat. This is because orlistat inhibits cellular lipid synthesis which is crucial
for SARS-CoV-2 replication. In support of this result, it was previously proved that fatty acid
synthase inhibitors, including orlistat, inhibit in-vitro replication of SARS-CoV-2 variants,
even the more contagious new variants, such as Delta [14]. In a mouse model of SARS-CoV-
2-infection (K18-hACE2 transgenic mice), orlistat injections lowered SARS-CoV-2 viral levels
in the lung, reduced lung pathology, and increased mouse survival [15].

After recovery from COVID-19, 61.5%of the patients continued using orlistat. Most of
them reported unaltered efficacy and 38.5% reported a decrease in orlistat efficacy in reducing
weight. Remarkably, no change in the severity of orlistat side-effects was observed following
infection with COVID-19, as only 7.7% reported increased severity of GIT symptoms (of note,
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those who reported severe COVID-19 symptoms were those reporting increased severity of
GIT side-effects.

ACE2, required for SARS-CoV-2 host entry, is expressed in the pancreas of normal people.
This expression is slightly higher in the pancreas than in the lungs, indicating that SARS-CoV-
2 also might bind to ACE2 in the pancreas and cause pancreatic injury [16]. Furthermore, sin-
gle-cell RNA sequencing data indicated that ACE2 is expressed in both exocrine glands
(secreting lipase which is the molecular target of orlistat) as well as islets of the pancreas. This
means that COVID-19 may impact orlistat efficacy and side effects if the infection causes pan-
creatic damage (Fig 3). This pancreatic injury may cause a decrease in lipase production which
may cause additive side effects to those experienced by lipase inhibition by orlistat. Since one
cohort study showed that approximately 1-2%of non-severe and 17%of severe patients with
COVID-19 had a pancreatic injury [17], additive orlistat side-effects may be more visible in
patients with severe COVID-19-infection and this perfectly matched our results.

4.2. GLP-1-receptor-agonists (GLP-RA)

GLP-1 is released by the endocrine L-cells in the distal intestinal mucosa in response to the
presence of nutrients in the intestinal lumen. Once in circulation, GLP-1 has a short half-life
due to fast breakdown by the enzyme dipeptidyl-peptidase-IV(DPP-IV). GLP-1 causes insulin
release from pancreatic beta-cells after eating, reduces glucagon secretion, and slows gastric
emptying leading to a fall in blood glucose levels [18]. GLP-1 also acts peripherally and cen-
trally to affect food intake and metabolism by regulating circulating levels of leptin [19].

Liraglutide, a GLP-RA, shares 97%structural-homology with human GLP-1 but has a pro-
longed half-life (10-14hrs). Liraglutide improves glycemic control and induces body weight
loss with an acceptable limit of side effects [20]. In the current survey, 12.6% of participants
administered liraglutide, and nearly half experienced side effects. The most reported side-
effects were nausea, hypoglycemia, and dysrhythmia which is in agreement with the docu-
mented side-effects [21].

While on liraglutide therapy, 80% of participants got infected with SARS-CoV-2. The infec-
tion was moderate-to-severe in nearly 80% of these patients and mild only in 20%. Notably,
patients experiencing severe COVID-19 symptoms were extremely obese with BMI>35. In
accordance, many studies documented the beneficial effects of GLP-1-RA in protection
against/treatment of SARS-CoV-2 infection. Reports indicate that liraglutide and semaglutide,
as GLP-1-RA, can reduce inflammation-induced lung injury. They are considered excellent
candidates for treating COVID-19 patients with or without type-2-Diabetes-Mellitus [22].
GLP-1-RA can probably exert a pulmonary protective effect rather than modulating SARS-
CoV-2 infection. During COVID-19 viral infection, suppression of the protective arm of the
renin-angiotensin-system (RAS) occurs leading to a significant reduction in ACE2 activity.
This directs the RAS towards stimulating the pro-inflammatory arm by increasing ACE activ-
ity, A disintegrin, metalloprotease-17 activation, and overproduction of pro-inflammatory
cytokines. This in turn leads to a pro-thrombotic milieu and “cytokine storm” exacerbation in
response to SARS-CoV-2-infection [23]. The ability of GLP-1-RA to significantly increase
gene expression of RAS protective arm components; ACE2/Ang (1-7)/Mas-receptor at the
pulmonary level was previously proved [24]. Consequently, GLP-1-RA can enhance the pro-
duction of prostacyclin and nitric-oxide levels, and reduce angiotensin-II-type-1-receptor
(AT1R) activation which may counteract the negative consequences of SARS-CoV-2-infection.
As a support, GLP-1-RA has well-documented cardiovascular protective effects, however,
more investigations are needed to validate ACE2’s role in mediating the beneficial multi-organ
extraglycemic effects of this class of medication [23].
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In the present study, patients declared the absence of influence of COVID-19 infection on
the efficacy or side-effects incidence of liraglutide. A possible explanation will be given away in
the next few lines; SARS-CoV-2-induced RAS activation leads to increased colonic production
of GLP-1. This is mainly because ATIR is highly expressed in enteroendocrine L-cells, that
produce GLP-1 and stimulate its release [25]. This may add benefit to the observed efficacy of
liraglutide. However, since the endogenously secreted GLP-1 has a half-life of <2 minutes
once in circulation, SARS-CoV-2-induced production of GLP-1 may not produce an observ-
able influence on GLP-1-mediated effects (Fig 3).

4.3. Other FDA-approved AOPs

Although there were no participants in the present study that reported the use of any FDA-
approved AOPs other than orlistat or liraglutide, a prediction about the expected outcomes, if
patients were administered topiramate/phentermine or naltrexone/bupropion, was made. This
is because, during data analysis, it was noticed that some non-eligible participants who admin-
istered multi-ingredient AOPs reported unrelated side effects to the herbs enclosed in the
product. The reported unrelated side effects include nervousness, insomnia (one participant
reported not being able to sleep for three successive days), headache, palpitations, and hyper-
tension. This observation raises the possibility of the presence of adulteration. A detailed sup-
posed correlation between these adulterants and COVID-19 infection severity is illustrated in
a S2 File.

4.4. Non-FDA-approved AOPs&COVID-19

The majority of participants in the current study (81%) consumed non-approved single- or
multi-ingredient AOPs without medical consultation. The most used products were: metfor-
min, green coffee, cinnamon, garcinia/chromium, Coffea-Arabica, African-mango, and Gym-
nema-Sylvestre.

4.4.1. Metformin. Long-term follow-up from the Diabetes Prevention Program demon-
strates that metformin induces weight loss. Many mechanisms can explain metformin-induced
weight loss including a reduction in insulin secretion and hepatic gluconeogenesis, appetite
suppression through modulation of hypothalamic appetite regulatory centers, alteration in the
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gut microbiome, changing the circadian rhythm, and regulation of fat oxidation and storage in
different tissues [26]. In the current survey, a relatively large percentage of eligible participants
were on metformin. About 43%of them reported an incidence of side-effects mainly hypogly-
cemia as expected from administering an antidiabetic agent to normoglycemic individuals, in
addition to the well-documented metformin-induced GIT side-effects [27].

All participants who got infected with SARS-CoV-2 during metformin administration
(71%o0f total participants on metformin) reported experiencing moderate-to-severe COVID-
19 symptoms. Reports indicate the protective effect of metformin, as it can inhibit viral entry,
multiplication, and translation of viral proteins besides its ability to modulate inflammation
and immune responses in diabetic patients infected with COVID-19 [27]. Despite that, it is
not clear whether this protective effect can be accomplished in normoglycemic subjects. A
great percentage of participants in our study reported experiencing hypoglycemia when using
metformin for weight reduction. COVID-19 can also cause hypoglycemia which contributes
to the severity of COVID-19 symptoms [28]. Combined COVID-19- and metformin-induced
hypoglycemias may explain the absence of cases with mild symptoms, as all participants on
metformin reported moderate-to-severe infections.

The majority of eligible participants who used metformin for weight reduction continued
using metformin after recovery from COVID-19. Nearly 30% of them reported decreased effi-
cacy and 20% reported an increase in the incidence of hypoglycemia, especially in those suffer-
ing severe COVID-19 symptoms. Failure of the endocrine beta-cells during severe COVID-
19-infection has been discussed by Shirakawa [29]. It was suggested that SARS-CoV-2 induces
beta-cell apoptosis and decreases insulin secretion. The virus most probably infects beta-cells
through neuropilin-1 and not ACE2 or transmembrane serine-protease-2(TMPRSS2) due to
the observed low expression of ACE2 and TMPRSS2 on beta-cells of the endocrine pancreas
[29]. Decreased functioning pancreatic beta-cells would certainly affect metformin efficacy fol-
lowing severe COVID-19 infections (Fig 3).

4.4.2. Green-coffe. Green coffee is raw unroasted coffee beans that are a popular weight-
loss supplement. The main weight-reducing ingredients are chlorogenic acids that act inde-
pendently of caffeine to improve glucose metabolism. They decrease glucose uptake in the
small intestine. They also inhibit the glucose-6-phosphatase system, amylolytic enzymes and
sustain glucose homeostasis [30]. Green coffee bean extract has an excellent safety profile.
However, green coffee does contain caffeine, which can cause tachycardia, frequent urination,
insomnia, and anxiety. Accordingly, in the current questionnaire, most participants denied
the incidence of side effects, and only 11.11%of participants administering green coffee
reported the incidence of headache as a main side-effect.

Since chlorogenic acids inhibit glucose production which is the primary promoter for viral
replication and inflammatory response, it is therefore expected that green-coffee administra-
tion would result in mild COVID-19 symptoms. However, in our survey, 50% of the patients
reported experiencing severe symptoms. Strikingly, those experiencing severe symptoms are
extremely obese with a BMI range of 35.6-47.8, indicating that those severe symptoms may be
a consequence of obesity complications and not due to green coffee.

SARS-CoV-2 has mechanisms that ensure rapid and efficient replication and spread; It
alters the host cells’ metabolism, such as peripheral blood monocytes, and enhances nutrient
uptake including glucose to support aerobic-glycolysis. Consequently, these cells become
highly glycolytic. In addition, COVID-19 infection can promote glycolysis through the genera-
tion of mitochondrial reactive oxygen specieshttps://www.sciencedirect.com/topics/medicine-
and-dentistry/reactive-oxygen-species, which induces stabilization of hypoxia-inducible fac-
tor-lo [31]. Since this viral infection sustains high glucose levels in the host, this certainly
would have a negative impact on the efficacy of green coffee which acts primarily by
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maintaining glucose homeostasis. This matches our survey results where 50%of patients con-
tinuing regular green coffee intake post-COVID-19-infection reported diminished activity in
weight reduction, especially those experiencing severe infections.

4.4.3. Cinnamo. Cinnamon extracts have been widely used in traditional medicine
around the globe. Cinnamon consists of a variety of resinous compounds and essential oils
[32]. Among the broad range of cinnamon therapeutic effects, it has been proven to have
weight-loss effects through various mechanisms; it can reduce lipid accumulation in fat cells
and adipose tissues by transcriptional regulation of CCAAT/enhancer-binding proteins and
peroxisome-proliferator-activated-receptor-gamma (PPAR-v). It can also modulate lipogene-
sis-related enzyme activity, such as fatty acid-synthase,acyl-CoA-carboxylase, and glycerol-
3-phosphate-dehydrogenase. In addition, it can stimulate adipose tissue thermogenesis. Fur-
thermore, cinnamon has the potential to augment insulin sensitivity and glucose transport. All
these effects result in significant weight reduction experimentally and clinically [33].

Cinnamon and its ingredients have been recommended for improving COVID-19 infection
due to its anti-obstructive, organ-protective, anti-inflammatory, anti-viral, and antioxidant
effects. Cinnamon can also prevent re-infection through DNA-dependent enhancement of
immunologic memory. All these actions are mostly attributed to cinnamon-induced PPAR-y
activation property [34]. In our survey, nearly 62%of participants on cinnamon experienced
mild-to-moderate COVID-19 symptoms and those experiencing severe symptoms were obese
with a BMI range of 31.4-41.7. This observation is common with most of the administered
AQPs, suggesting the great negative impact of obesity on COVID-19 symptom relief.

Inflammatory conditions, such as in the case of COVID-19-infection, are coupled with
overproduction of inflammatory cytokines and diminished PPAR-y receptors [35]. Since
PPAR-v is one of the main molecular targets of cinnamon, diminished PPAR-y receptors dur-
ing COVID-19 infection may negatively affect cinnamon’s anti-obesity effects. However, only
15.4% of participants reported diminished activity post-COVID-19 infection. Possibly, other
mechanisms by which cinnamon can reduce body weight compensated for the decreased level
of PPAR-y and maintained efficacy in weight loss in the majority of the patients.

4.4.4. Garcinia-cambogia. Garcinia-cambogia is a herbal product that was traditionally
used as a flavoring agent and has recently been used in herbal AOPs due to appetite suppres-
sant properties. Garcinia extracts contain xanthones, benzophenones, amino acids, and the
most biologically active ingredient is hydroxycitric-acid (HCA) the suspected ingredient
responsible for its anti-inflammatory and appetite suppressant activity [35]. HCA can induce
weight reduction through various mechanisms, the most important of which is controlling
appetite via serotonin regulation and food intake suppression. HCA can increase serotonin
release or availability in the brain and prevent the reuptake of released serotonin in brain neu-
rons. In addition, HCA affects lipid metabolism as it decreases de novo lipogenesis by inhibit-
ing ATP citrate lyase; the enzyme that catalyzes citrate cleavage into oxaloacetate and acetyl-
coenzyme-A, and increases fatty acid oxidation. Besides, HCA can reduce plasma insulin and
leptin levels together with tissue glucose intake leading to increased energy expenditure [36].

In the present study, only 10%of participants taking Garcinia-cambogia reported an inci-
dence of diarrhea. In accordance, there are multiple reports of GIT problems in some people
who have taken AOPs containing garcinia [37]. These include reported nausea, elevations in
serum aminotransferase levels, and jaundice in individuals taking garcinia alone or in multi-
ingredient supplements [37].

Since Garcinia-cambogia is proven to have an anti-inflammatory effect and immune-boost-
ing activities, it is expected to have a protective effect against viral infection and to reduce the
severity of infection. This is consistent with the observed results of our study where patients
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infected with COVID-19 and were receiving pure Garcinia experienced only mild-to-moder-
ate symptoms confirming the protective effect of the herb on this viral infection.

Following SARS-CoV-2 host cell entry, there is upregulation of RAS components including
Ang-II. It was previously proved that Ang-II is involved in the regulation of serotonin synthesis
and release from serotonergic neuron terminals in a biphasic manner; at low Ang-II levels,
there is decreased serotonin release, and at high Ang-II levels, there is increased serotonin
release [38]. This means that serotonin levels during COVID-19 infection depend on SARS-
CoV-2 titer. In other words, if the infection is mild, there is a slight increase in Ang-II and thus
low brain serotonin levels with subsequent appetite stimulant effect counteracting the action of
HCA and an apparent decrease in Garcinia-cambogia efficacy with subsequent weight gain.
While, if the infection is severe, there is a significant increase in Ang-II level that causes
increased serotonin level and appetite suppressant effect which potentiates Garcinia-cambogia’s
weight-reducing effect. Since in our study, patients administering pure Garcinia-cambogia suf-
fered from mild-to-moderate infection, thus, it is expected to observe decreased garcinia effi-
cacy in those with moderate infection and no change in garcinia efficacy in those with mild
symptoms. According to our data, 50%of patients reported decreased garcinia efficacy and 50%
reported no change in garcinia efficacy which is a perfect match to the above explanation.

4.4.5. Gymnema-Sylvestre. Gymnema-Sylvestre (G.Sylvestre) is traditionally used for its
anti-diabetic and weight-reduction properties. The main active constituents of the plant are a
group of acids termed gymnemic acids in addition to triterpene saponins. Gymnema-Sylvestre
exerts anti-diabetic and weight reduction effects mainly via delaying glucose absorption. This
is because gymnemic acid molecules and glucose molecules share similar atomic arrangements
and can occupy the same locations on sugar receptors. The binding of gymnemic acid to these
receptors would prevent their activation by orally-administered glucose molecules, thus,
diminishing the sugar craving. In addition, gymnemic acid molecules can occupy glucose
receptors in the absorptive intestinal layers, thereby, limiting intestinal glucose absorption,
which results in low blood glucose levels. In addition, G.Sylvestre increases glucose utilization
of glucose; as it is shown to increase the activities of enzymes responsible for utilization of glu-
cose by increasing insulin release from pancreatic islet cells [39].

G.Sylvestre administration may have some benefits during COVID-19 infection; it can stimulate
insulin secretion from the pancreas and can overcome insulin resistance, counteracting SARS-CoV-
2-induced insulin resistance secondary to insulin-secreting pancreatic beta-cell damage.

Both SARS-CoV-2 and G.Sylvestre can cause loss of sweet taste sensation but in different
mechanisms; SARS-CoV-2 weakens the olfactory sensory neurons that detect odors which in
turn affects gustatory function [40]. On the other hand, gymnemic acid molecules can block
glucose receptors located on taste buds leading to decreased sugar craving. Thus, patients may
not feel the difference in G.Sylvestre activity during COVID-19 infection as reported by
patients enclosed in our study. However, there is a key difference between taste sensation loss
during COVID-19-infection and G.Sylvestre use, that is, after patients stop taking G.Sylvestre,
they will crave sugar again with a total recovery of sweet taste sensation, while post-COVID-19
patients may suffer from ageusia that may last for months [40]. Therefore, the reported main-
tenance of G.Sylvestre efficacy post-COVID-19-infection may be attributable to the interfer-
ence of SARS-CoV-2 with G.Sylvestre mechanisms and the reduced sugar craving post-
COVID-19-infection may be due to post-COVID-19 ageusia and not due to the drug itself.

5. Conclusion

In most cases,the use of AOPs before or during COVID-19 infection resulted in beneficial out-
comes, due to their anti-inflammatory and anti-viral replication effects, and patients
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experienced mild-to-moderate COVID-19 symptoms. Noticeably, those experiencing severe
symptoms were extremely obese (BMI>35), indicating that those severe symptoms may be
due to obesity complications and not due to the AOP. Furthermore, SARS-CoV-2 interferes
with the mechanism of action of almost all AOPs affecting their efficacy and incidence of side-
effects, especially in extremely obese individuals. These mechanisms were thoroughly
appraised in the current investigation. Therefore, any drug or supplement concurrently taken
in the presence of SARS-CoV-2 must be preceded by medical consultation to avoid any unde-
sired consequences.
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