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1. INTRODUCTION

Finding safe and efficient methods to lose weight and prevent obesity, which has become a
global epidemic that has increased morbidity and mortality, are of utmost importance.! To
reverse unintended changes in body composition, lifestyle and dietary adjustments are
generally advised; nevertheless, it is well known that in this case it is much easier said than
done. Therefore, the majority of those who struggle with obesity yearn for quick and secure
solutions; yet, there are few, if any, medicines that can address this problem in the long run
without having negative side effects.? Several medicines have been withdrawn due to safety
issues, and only a few active pharmaceutical ingredients (APIs) are marketed for weight loss
and these can only be used in only in severe cases, like obesity and coexisting metabolic
disorders.2® Since medicines are not easily available in this indication, patients prone to try
alternative solutions. Therefore, it is not surprising that obese patients turn to readily products
regardless to their questionable quality, and the popularity of food supplements for weight

loss management is increasing.*®

This phenomenon gives a rise to several problems including patient safety. It has been proven
that food supplements marketed for weight loss frequently contain illicit sympathomimetic
drugs that are concealed to increase efficacy. Another common way to increase the efficacy is
to use an ingredient above its allowed upper limit. Therefore, the actual composition of
several weight loss products tends to differ from that on the label. Due to the flaws in the
regulation of food supplements, these products may also be contaminated (e.g. with heavy
metal, microorganisms, and pesticides).® Moreover, the lack of a clinically validated safety

and efficacy profile raises doubts about the efficacy of a number of herbal ingredients.

The RASFF (Rapid Alert System for Food and Feed), a crucial tool for providing important
information about unlawful goods, issues the notifications regarding counterfeit food
supplements.” Reviewing the RASFF system allows to map current counterfeit tendencies and
to collect the main adulterants occurring in weight loss supplements. Data extracted from the

RASFF enables to categorize the most common quality issues.



2. AIMS OF THE STUDY
The aim of this work was to

e systematically review the European Rapid Alert System for Food and Feed (RASFF)
reports to map the tendencies in food supplements / illegal products that are used to
promote weight loss,

e based on the warnings collected via the RASFF, make a conclusion to find which
unauthorized substances are dominating the market,

e to mark the mainstream signals as a public health issue, to initiate possible solutions to
reduce counterfeit,

e to summarize the available and previously withdrawn active pharmaceutical
ingredients in the European Union,

e to collect the most popular herbal food supplements and summarize their safety and
efficacy,

e to compare the attributes of synephrine and ephedrine (a previously banned food
supplement ingredient) in a systematic review, and

e to conduct a meta-analysis on synephrine to determine its proper utilization based on
scientifically established results.



3. LITERATURE OVERVIEW

3.1. Obesity

Obesity is globally a growing public health issue; over the past 40 years the number of
affected people has tripled.® Not only has the prevalence of obesity increased, but the average
body mass index (BMI) of the global population has also risen by an average 0.4-0.5 kg/m? in
every ten years.>® Based on World Health Organization (WHO) estimates, nearly two billion
persons had a BMI of above than 25.0, and more than 650 million of these adults were
considered obese (BMI > 30.0) in 2016.1%!! Obesity has become an epidemic due to several
reasons including sedentary lifestyle, increased access for high-energy foods and
overconsumption of simple carbohydrates and sugar.'>'® Family history and genetics is
another susceptible risk factor for obesity. A cross-sectional study found a link between the
BMI of schoolchildren and the AA [at-risk for obesity] genotype of the rs9939609
polymorphism. Those who had an obese mother (p < 0.001), an obese maternal or paternal
grandmother (p = 0.047), or an obese paternal grandfather (p < 0.001) were more likely to be
overweight or obese.’* According to Corica et al.'®, cardiometabolic disorders and a family
history of obesity are significant risk factors for premature obesity in children and are linked
to the level of obesity. Based on specific family and twin studies, genetic variables account
for between 40 and 70 percent of severity of obesity in humans.!®!’ The role of
microenvironment and gut microbiome is also widely discussed and may represent a novel
targets for the treatment of obesity.'® The gut microbiota is hypothesized to regulate the
process of energy balance. Specific environmental stressors that the gut microbiota is exposed
to can throw off the energy balance of the body and eventually cause obesity.!3 It is very
likely that obesity and depression are linked.?®?! A meta-analysis showed a significant
correlation between depression and obesity in the overall population.? Numerous
comorbidities, such as cardiovascular (i.e. heart disease, hypertension) and cerebrovascular
(i.e. stroke) disorders are assumed to be linked to obesity.! Type 2 diabetes mellitus (T2DM)
and degenerative musculoskeletal disorders (such as arthritis) are more common in
overweight and obese people than in those with a normal body mass index (BMI).%?2

Additionally, obese people are more likely to develop malignant tumours and Alzheimer's



disease.! By the end of this decade, more than half of the world’s adult population will be

obese or at least overweight, if radical alterations will not be applied.?®
3.2. Treatment of obesity

Dietary restrictions and increased physical activity are essential lifestyle modifications that
help people lose weight, but because so many obese people discontinue their new lifestyles
soon after starting them, the results are rarely long-lasting.2* Numerous pharmaceuticals have
been approved to promote weight loss throughout the last century,?® however, for this
indication, the European Union (EU) currently offers just some APIs and one combination
product.?® The most promising pharmacons are glucagon-like peptide-1 agonists (semaglutide,
liraglutide). Naltrexone/bupropion are still under additional monitoring, and phentermine is
available only in the Czech Republic, whereas orlistat has been approved by the European
Medicines Agency.?%%” Due to safety concerns several other medicines are no longer available
on the market. Alternative approaches of treating obesity are widely searched. Food
supplements, which are readily available on the market, are utilized frequently for this

purpose.®

Orlistat (1) has been approved for obesity management in 1998 (Annex 1), as the first
selective, irreversible gastric and pancreatic lipase enzyme inhibitor.?8?° Its mechanism of
action involves the inhibition of dietary fat lipolysis and absorption of dietary fat.*° Orlistat is
a prescription-only medicine in the European Union. Apart from modest side effects (e.g.
abdominal pain, diarrhoea, faecal spotting, and steatorrhea), the use of orlistat was also linked
to severe adverse responses (e.g. subacute liver failure, cholelithiasis and cholestatic
hepatitis). Because orlistat interferes with the absorption of other medications and fat-soluble

vitamins, the long-term safety of orlistat is questionable.3!

A combination therapy for weight control that contains naltrexone (2) and bupropion (3) was
approved after additional clinical trials confirmed its safety.> The combination therapy
involves naltrexone which is an opioid antagonist on the p-opioid receptor and reduces
appetite by inhibiting p-endorphin-mediated autoinhibition of POMC (pro-opiomelanocortin)
neurons.®*% The activity of POMC cells in the arcuate nucleus are stimulated by the

antidepressant bupropion, resulting in anorectic effects.® Based on a human study®*, this


https://www.frontiersin.org/articles/10.3389/fphar.2020.611361/full#SM1

combination may be used as a suitable treatment adjunct to lifestyle changes because it
increases fullness, decreases appetite, and energy expenditure, which aids patients in
achieving their weight reduction objectives.?®3" The initial clinical trials mostly examined the
adverse cardiovascular effects of the combination.®”® In patients with uncontrolled
hypertension, the combination of naltrexone and bupropion should not be used; nevertheless,
the potential consequences of this combination on the patients' cardiometabolic parameters
are not fully established.®®*%° Based on the clinical trials on this topic, participants in the
verum group frequently experienced nausea, headache, constipation, dizziness, vomiting, and
xerostomia as side effects.** Bupropion raises blood pressure both on its own and in
combination with naltrexone, so treatments including its administration should only be started

in individuals whose blood pressure is well-controlled.

Phentermine (4) was another promising drug to promote weight loss. It acts on hypothalamic
POMC neurons by inhibiting the norepinephrine transporter.*? In 1956, phentermine was
approved for treating obesity in Europe (Annex 1), and for decades, it was a commonly
prescribed medication.*® However, due to its negative effects, the EMA decided to withdraw
the marketing approval of phentermine in 2012. Considering the published literature,
prolonged use of the chemical may have negative effects on the cardiovascular and nervous
systems.** Nevertheless, according to the approval of the national competent authority,
phentermine resinate is marketed in the Czech Republic in the form of modified-release

capsules.?’



https://www.frontiersin.org/articles/10.3389/fphar.2020.611361/full#SM1

Liraglutide was initially utilized to treat T2DM because of its glucagon-like peptide-1 (GLP-
1) receptor agonist activity.*® Liraglutide has been a promising drug in the treatment of T2DM
since it enhances the cardiovascular health and outcome of patients.*® GLP-1 analogues have
gained approval as medications for weight control since it has been demonstrated in human
trials that they facilitate weight loss.*” Mechanism of action of liraglutide include increase of
insulin and decrease of glucagon secretion, delayed stomach emptying and appetite control.*®
The European Medicine Agency (EMA) approved liraglutide as a supplement to complete a
lifestyle program to promote weight l0ss.?4° In human clinical trials, gastrointestinal
symptoms (such as nausea and vomiting, increased risk of pancreatitis), and an elevated heart

rate were the most often reported side effects.*®

Liraglutide is available as an injection; however, semaglutide, another GLP-1 receptor
agonist, can be used per 0s.>° Recently, subcutaneous semaglutide applied once weekly for
the treatment of T2DM received approval from both the Food and Drug Administration
(FDA) and the European Medicines Agency (EMA).>! With the administration of 2.4 mg
semaglutide once a week for 68 weeks the estimated change in mean bodyweight from
baseline was -9.6% in the treatment group (n=404) vs -3.4% in the placebo group (n=403) and
-9.7 kg (n=388) vs -3.5 kg (n=376) respectively.®? It is assumed that semaglutide has one of
the most pronounced effects on weight loss to date, and given to that it improves
cardiovascular risk factors and physical performance, it is a very promising drug for the
treatment of obestiy.>® Orally used semaglutide is also safe and effective in lowering systolic
blood pressure, body weight, and blood sugar levels.>* However, gastrointestinal side effects
may occur quite often. Clarifying its long-term safety and comparative performance with

other antidiabetic medications need more research.>

3.3. Withdrawn medicines in the European Union

Amphetamine and its derivatives, such as phenylpropanolamine, fenfluramine, and
dexfenfluramine were used to treat obesity in the 1930s.>> Amphetamine derivatives stimulate
the release of norepinephrine and dopamine in the satiety centres of the hypothalamus and
limbic regions as part of their weight loss mechanism of action.*® The anorexigenic effects of
amphetamine derivatives last for a few hours, although tolerance sets in within a short period

of time (a few weeks). The use and abuse of amphetamines frequently causes cardiovascular



side effects.>” Due to safety concerns and the rapid development of tolerance, amphetamine

was removed from the European market in 1968 (Annex 2).

Without a prescription, phenylpropanolamine (PPA, 5) was widely used to treat coughs and
colds and commonly administered as an appetite suppressant for weight loss.®® Chemically,
PPA is related to the amphetamine-like anorectic agents.>® PPA has been shown to help
people lose weight, although its exact mechanism of action is not entirely understood.®® The
medicine is still available in certain European countries to treat rhinitis even though its safety
and efficacy profile is debatable. The major safety concern is the connection between PPA

intake and stroke.>®

Initially used in explosive mixes, the substance 2,4-dinitrophenol (DNP, 6) had rapidly
became highly promoted in slimming products after its effects on the body weight was
discovered in 1933.61 DNP increases basal metabolic rate, which promotes weight loss.®?
DNP was effective, but serious adverse effects occurred so frequently that it was withdrawn
from the market, and it was labelled being ‘extremely dangerous’.%3-> The mode of action of
DNP is linked to its harmful effects. By decoupling oxidative phosphorylation, DNP causes
the body to enter a hypermetabolic state, where the extra energy is converted to heat energy in
the mitochondria. As a result, the hypermetabolic condition is followed by uncontrollable
thermogenesis that results in hyperthermia and an unfavourable increase in body temperature
that is linked to systemic responses.®® Despite the fact that DNP was no longer prescribed
after 1938, the drug was still being used because case reports of DNP-related deaths continued
to appear even after the drug was withdrawn from the market.®> DNP is currently marketed
illegally under a variety of different names.®

The active metabolite of the prodrugs fenfluramine and dexfenfluramine, (+)-norfenfluramine
(7) causes weight loss and is a strong agonist on 5-hydroxytryptamine (5-HT2c) receptors.®”:68
Despite the fact that their long-term safety had not been established, fenfluramine and its (S)-
isomer, dexfenfluramine, were both used in monotherapy, the former for short-term weight
management and the latter for long-term weight management.’® Dexfenfluramine however
had rather alarming side effects; a case-control research found that it increased the prevalence
of cardiovascular disorders and was linked to pulmonary hypertension.”® As a result, both
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medications as well as the so-called fen-phen formulation (a mix of fenfluramine and

phentermine) were taken off the market in 1997 due to safety concerns.5®"%72

OH
OH NO,
©/'\‘/NH2 FsC
5 6 7

In 2006, rimonabant (8), the first cannabinoid receptor type 1 (CB1-receptor) antagonist, was
approved in the EU.” It was originally thought to be a promising drug because numerous
studies had demonstrated its beneficial effects on weight loss and on improved metabolic
syndrome measures.’* Finally, because the use of rimonabant was associated with a number of
psychiatric side effects (i.e. anxiety, depression, and suicide ideation), in the EU, the EMA

withdrew its authorisation in January 2009.”

Sibutramine (9) is originally used as an antidepressant that inhibits the reuptake of
neurotransmitters serotonin (5HT)- and noradrenaline (NA). Later it was found to be able to
reduce appetite.”® Concerns about the safety of sibutramine were raised following reports of
elevated diastolic and systolic blood pressure and pulse rate.”” Consequently, the so-called
Sibutramine Cardiovascular Outcomes Trial was carried out to evaluate its safety (SCOUT)."
In this trial, patients with a history of cardiovascular illness were randomized to assess the
safety of sibutramine. The EMA consequently determined that the risk-benefit ratio for
sibutramine was not acceptable and recommended withdrawing all marketing authorizations
for medications containing sibutramine in Europe.’”® The market authorisation of sibutramine

was suspended in 2010 after being approved in 2001.8°

The 5-HT2c receptor agonist lorcaserin (10), which was authorized for the long-term treatment

of obesity, was meant to be used in a combination with a low-calorie diet and increased



physical exercise.®* Only one year after receiving marketing approval, in 2013 (Annex 3), the
marketing authorization holder formally informed the EMA’s Committee for Medicinal
Products for Human Use (CHMP) of suspending the marketing authorization for lorcaserin
because, based on the opinion of the CHMP, the medication's advantages did not outweigh its
risks (e.g. depression, valvulopathy).®? Patients receiving lorcaserin had a significantly higher

risk of developing depression.® Long-term use may be linked to an increased risk of cancer.®*

To sum it up, several medications which were previously used to manage body weight are no
longer available on the market due to their dangerous side effects. Since there are currently
only a few therapeutic options available to help weight loss, and all of these are prescription-
only products, there is a clear need for effective products to deal with this problem. Customers
are seeking for easily accessible food supplements for quick fixes, and this business is

responding by growing internationally.

3.4. Natural components in food supplements for weight loss

A recent study showed that the most widely advertised natural compounds for weight-loss are
chitosan, glucomannan, capsaicin, carnitine, and conjugated linoleic acid (CLA).2° Other
popular herbal compounds in Europe, include Camellia sinensis (L.) Kuntze, Garcinia
gummi-gutta (L.) N.Robson (syn. of Garcinia cambogia Roxb.), the unroasted green seed of
Coffea arabica L.,2®" Hoodia gordonii (Masson) Sweet ex Decne., Stevia rebaudiana
(Bertoni) Bertoni, and Vachellia rigidula (Benth.) Seigler & Ebinger (syn. of Acacia rigidula
Benth.) which also was a regular component of weight loss products in the RASFF warnings.
The extract of bitter orange (Citrus x aurantium L.) and its active constituent p-synephrine is
also a common ingredient in weight loss and pre-workout supplements, and it is frequently

used to replace ephedrine.8®

Chitosan may help with weight management by reducing dietary fat and cholesterol
absorption.8%% Additionally, it may increase fat excretion, which would result in weight loss
without changes in diet.8® The effects of chitosan on body weight, serum lipids, and blood
pressure were investigated in a meta-analysis of 14 randomized controlled trials (RCTs).%
Based on to the literature findings, chitosan use as a food supplement for up to 52 weeks may

promote weight loss (average -1.01 kg). Besides having a modest impact on body weight,
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chitosan consumption improved serum lipid profiles and significantly lowered systolic and
diastolic blood pressure (-2.68 mmHg, and -2.14 mmHg, respectively). Based on human
studies, using chitosan for a short period of time is safe.® Moderate side effects, such as
flatulence, constipation, indigestion, nausea, and heartburn may occur.®? Chitosan may
interact with warfarin and affect the absorption of fat-soluble vitamins (such as vitamins A, D,
E, and K) to some extent; however, its effects on faecal fat excretion have not yet been

thoroughly established.%%

Amorphophallus konjac K.Koch tubers are the used to extract glucomannan (GM) utilized in
weight-loss products.®> GM is a hemicellulose type polysaccharide that enhances energy loss
through faecal excretion, and it boosts mastication efforts and delays gastric emptying
afterward. Additionally, increased plasma cholecystokinin levels cause cephalic- and
gastrointestinal-phase satiety signals.®”% According to a meta-analysis, taking GM (1.2—
15.1 g/day) on a daily basis for five weeks enhances the metabolic profile of patients but has
minimal effects on the body weight (WMD: —0.79 kg).*® However, Zalewski and Szajewska,
2015 presented conflicting findings, indicating that short-term usage of GM may cause a
slight weight loss in otherwise healthy overweight or obese people but has no significant
impact on BMI.%" The use of GM was linked to mild gastrointestinal side effects (bloating,

diarrhoea).®

Consuming meals rich in capsaicin (11) may help regulate weight by preventing obesity®® as
capsaicin influences lipid oxidation and energy expenditure.®*1%% Additionally, healthy
women who routinely consume chili peppers have a slightly lower body weight than those
who are not regular users.1921% Based on a meta-analysis involving eight trials and 191
participants, those who took 2 mg of capsaicin before each meal consumed 74 less calories
than the control group. This suggests that capsaicin may help people maintain their weight by
lowering their overall energy intake.!® However, it only moderately affects thermogenesis
and fat oxidation, and its long-term effectiveness is debated.'® Although it may induce mild-
to-moderate gastrointestinal side-effects, sweating, flushing, and rhinorrhoea, capsaicin is safe

at moderate dosages.'% Additionally, capsaicin may interfere with antihypertensive agents.%

11


http://theplantlist.org/tpl1.1/record/kew-8190
https://www.frontiersin.org/articles/10.3389/fphar.2020.611361/full#B142
https://www.frontiersin.org/articles/10.3389/fphar.2020.611361/full#B142

Long-chain fatty acids (FAs) are transported by carnitine (12) into the mitochondria where
they are converted into energy by the process known as p-oxidation. Carnitine contributes in
the elimination of toxic substances from the cells.’®” The L isomer of carnitine is used to
improve weight reduction.!®® In a systematic review and meta-analysis, the results of nine
RCTs including 911 patients were evaluated.'®® Participants who received carnitine (in doses
ranging from 1.8 g/day to 4 g/day) lost significantly more weight (about -1.33 kg) and had
significantly lower BMIs (about -0.47 kg/m?) than those who received the control treatment.
The outcomes showed that the effects of carnitine on weight loss decrease over time. L-
Carnitine is well tolerated up to 15 g/day, only mild side effects such occasional diarrhoea,

gastralgia, and nausea were reported.'1°

Conjugated linoleic acid (CLA) and its isomers variably affect the expression of the genes
involved in lipid metabolism by activating various nuclear receptors.!'! Beef meat and dairy
products are the natural sources of CLA; however, dietary supplements can also contain
CLA.Y2 A meta-analysis of human studies revealed that the effect of 3.2 g/day of CLA on
weight loss and body fat-reduction was modestly effective compared to the placebo.** On the
contrary, in some trials, the intake of CLA did not result in significant weight loss.®
Therefore, the effectivity and safety of CLA dietary supplements should be further
evaluated.’* Because CLA interfered with glucose metabolism in animal studies (e.g.
increased insulin resistance in mice) and changed liver function, causing lipodystrophy, these
effects should also be examined in human trials to clear out any safety concerns.®
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Because of the thermolability of chlorogenic acids (CGAs, 13), unroasted Coffea arabica
seeds are better sources of these compounds, which are practically absent in roasted coffee.!
Due to the presence of CGA in green coffee, it may be used to help people lose weight.'!’
Based on the available literature data, green coffee extracts high in CGA lower blood

cholesterol and glucose levels, blood pressure, as well as the risk of developing certain
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cardiovascular diseases.'*® The effects of chlorogenic acid in the treatment of metabolic
syndrome are mostly connected to its anti-oxidant, anti-inflammatory, antilipidemic,
antidiabetic, and antihypertensive abilities.!'® CGA stimulates the glucose uptake in both
insulin-sensitive and insulin-resistant adipocytes.!?® Moreover, it also increases insulin
secretion and inhibits the activities of a-amylase and a-glucosidase.*?*?? Preclinical studies
suggest, that the effect of CGA on body weight partly relies on the activation of adenosine
monophosphate-activated protein kinase (AMPK).12 A significant reduce in body weight was
achieved by consuming green coffee extract (GCE), according to a meta-analysis of three
RCTs with a combined total of 142 individuals.!**

Green tea is made from the unfermented leaves of Camellia sinensis. Its active ingredients
include catechin polyphenols, such as epicatechin, epigallocatechin, epicatechin-3-gallate, and
epigallocatechin-3-gallate (EGCG, 14). From these substances, EGCG is found in the highest
concentration in green tea, and this substance has the most significant pharmacological
effects.’?® Another pharmacologically important active component in green tea is caffeine.?
It was discovered that those who typically consume low doses of caffeine benefited the most
from a combination of green tea and caffeine in managing body weight. Caffeine increase
thermogenesis and fat burning while decreasing leptin levels.*21?® As a result, consumption
of green tea may result in body weight reduction.!?® Additionally, catechins, particularly
EGCG, inhibit catechol-O-methyltransferase (COMT), which promotes the fat oxidation.!?8
Based on a meta-analysis of human trials using green tea, EGCG-containing extracts have a
considerable impact on weight reduction and its maintenance (WMD: —1.31 kg; duration at
least 12 weeks). The effect of caffeine intake on body weight was not significant when data
from studies only with high regular caffeine intake were analysed. Although the study
populations for these two groups were different: Asian individuals received low caffeine
doses while Caucasian participants received moderate-to-high caffeine doses. Conflicting
findings may also be due to the heterogeneity of the included studies.'?® Green tea extracts are
frequently found in weight-loss products, although there are concerns about their high (>100
mg/day) EGCG content being hepatotoxic.*°

Garcinia cambogia contains (-)-hydroxycitric acid (HCA, 15). This substance has been
shown to inhibit adenosine triphosphate (ATP) citrate lyase.®* When patients follow a so-
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called lipogenic diet with high amounts of carbohydrates, the above-mentioned enzyme is
inhibited, which limits the availability of acetyl coenzyme A (acetyl-CoA) units required for
fatty acid synthesis and lipogenesis.’®** The substance restricts the production of FAs,
lipogenesis, and reduce appetite, which promotes weight loss.’*® Despite its intriguing
mechanisms, clinical research has had conflicting results.’*® A meta-analysis of nine RCTs
showed that HCA had a significant effects on weight loss when compared to placebo.¥’
Participants in the included studies consumed 1-2.8 g of HCA daily for periods ranging from
2 to 12 weeks. Recent incidences of acute liver damage have been linked to a Garcinia
cambogia-allegedly-containing product.'®13% Acute liver failure and symptomatic acute
hepatitis were also described in addition to mild side effects (transient and moderate enzyme
elevations.**® Although the prevalence of hepatic side effects is unknown, it appears to be low
(1:10,000). By altering insulin sensitivity, enhancing gluconeogenesis, and raising the

production of ketone bodies, HCA may have an impact on glucose homeostasis.!*¢-14°
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Hoodia gordonii is a succulent cactus which was traditionally consumed by indigenous South
Africans for its ability to suppress appetite.}*! Since H. gordonii has never been used as a food
or food ingredient prior to May 15, 1997, it could only be marketed in Europe following an
appropriate safety assessment.}*? P57 (16), an oxypregnane glycoside, is thought to be the
active ingredient in H. gordonii that suppresses appetite. It was reported that P57 enhanced
ATP synthesis in the hypothalamus following intracerebroventricular dosing.** The Cochrane
Library, ClinicalKey, PubMed/Medline, and Google Scholar databases did not yield any
published, peer-reviewed meta-analyses of RCTs evaluating the effectiveness of Hoodia. The
effects of H. gordonii weight loss was compared to placebo in one trial. In this study 25

participants received 1,110 mg H. gordonii daily while 24 received placebo throughout the
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15-day study period.** There were no significant changes in the body weight and there were
no major side effects; however, participants in the verum group reported nausea, vomiting,
and changes in skin sensation. In the verum group, there was a significant rise in blood
pressure, heart rate, and in bilirubin and alkaline phosphatase levels. There are other recent

reports of the above-mentioned side effects (i.e. elevated blood pressure and heart rate).**®

Native Americans in South America have traditionally utilized the plant Stevia rebaudiana to
sweeten their food and as a traditional medicine (e.g. herbal tea to treat heartburn).}4¢ S.
rebaudiana-derived glucosides are about 300 times sweeter than sucrose. Low- and no-calorie
sweeteners like S. rebaudiana may serve as alternatives to reduce sugar intake,**” and this is
the reason for its use in product offered for those who would like to lose weight. Overall,
consuming S. rebaudiana appears to be safe.!*® Since only steviol glycosides from stevia,
commonly known as stevia extract, were authorized in the European Union prior to 2017,
stevia emerged as an unapproved novel food component in RASFF before 2018.14%1%0 Stevia
leaves and preparations made from stevia leaves were authorized only in 2017, under the
novel food legalization procedure.®®*!! Recently it is covered by the General Food Law,
which also regulates all other food products and ingredients.**®'%? According to the novel
food catalogue tea, herbal and fruit infusions containing S. rebaudiana leaves are considered
as general food (not as novel food) and therefore can be marketed in the EU.2*? Regulation
(EU) 1131/2011 authorized steviol glycosides as a sweetener in 2011 with the number ‘E 960’
in the Union list of food additives.!*®1° Currently, the use of stevia extract as a sweetener or
as flavoring compound fall in the context of Regulation (EU) 1131/2011, Regulation (EU)
1156/2021 and Regulation (EU) 2016/1814 in harmony with Regulation (EC) No
1333/2008%* on food additives or Regulation (EC) No 1334/2008 on flavorings

respectiveIy.142,149,155-157

Consumption of A. rigidula can be potentially dangerous, because it contains significant
levels of toxic azotoids.’® Regarding its safety and efficacy, a thorough literature search in
numerous databases (PubMed/Medline, the Cochrane Library, ClinicalKey, and Google
Scholar) yielded no human studies.*® Since A. rigidula is currently not considered a novel

food in the European Union, it cannot be sold in food supplements. Acacia senegal (L.) Willd.
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(syn.: Acacia verek Guill. & Perr.) and Acacia arabica (Lam.) Willd. (syn.: Acacia nilotica

(L.) Willd. ex Delile) are approved as novel food ingredients.4?

The protoalkaloid p-synephrine (17), which is most often obtained from the immature fruit or
peel of the bitter orange (Citrus aurantium), is frequently utilized in products for weight
reduction and athletic performance.’®® However, its efficacy and safety have not been
established.! There are three different positional isomeric variants of synephrine [para, meta
(18) and ortho (19)].1%2 Most studies agree that only para-synephrine (p-synephrine) can be
detected in bitter orange fruits.*%3-1% Food supplements have been found to contain illegally a

synthetic p-synephrine derivative, methyl-synephrine (20).166-169
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p-Synephrine has attracted a lot of interest as the initial ephedrine substitute in weight loss
products since the use of ephedrine (21) in dietary supplements was forbidden in numerous
European and American countries.6>17%-172 |n terms of its structure and mechanism of action,
synephrine is comparable to ephedrine; however, because it is less lipophilic, it can cross the
blood-brain barrier at a lesser extent.?6173175 The use of ephedrine is linked to an increased
risk of stroke, hypertension, and myocardial infarction'®®'7® although when taking p-
synephrine, such pronounced effects on the cardiovascular system are usually not expected.
However, serious side effects related to synephrine ingestion also include cardiac adverse
events, such as hypertension, tachyarrhythmia, variant angina, cardiac arrest, QT
prolongation, ventricular fibrillation, myocardial infarction, and even sudden death®’”; but the
incidence rate is unknown. Due to its thermogenic and sympathomimetic qualities, p-
synephrine (hereinafter referred to as synephrine) is utilized in pre-workout supplements to
enhance performance and to induce weight reduction.!’’1’® The use of synephrine in
food supplements is debated due to its well-known adrenergic effects influencing the
cardiovascular system.”® Despite the fact that there is no regulation limiting the amount of
synephrine and other alkaloids in food supplements, each nation should be encouraged to

determine the maximum level of synephrine in accordance with Directive 2002/46/EC.180-181
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Because synephrine has a daily dose restriction in some countries, there have been reports in
the RASFF about products containing more synephrine than allowed.” The French food safety
authority (ANSES) came to the conclusion that intake levels of synephrine from food
supplements must be kept below 20 mg/day and that taking synephrine with caffeine is not

advisable.182

3.5. Safety and quality issues related to food supplements

The fact that prior to commercialization there are no formal regulatory pre-approval criteria
for food supplements gives unethical distributors and manufacturers the possibility to
adulterate supplements by adding APIs or other counterparts to boost efficacy.'®318 Since,
compared to medicines, the regulation and control of food supplements is less comprehensive,
the ratio of counterfeit (e.g., mislabelled and/or potentially dangerous products) might be
higher.> Drug-drug interactions (DDIs) potentially occur when active pharmaceuticals and/or
unauthorized herbal substances are hidden in food supplements. The effects of one drug
altered by the co-administration of another potentially can cause serious health problems.
Numerous variables, such as the patient's age, co-morbidities, and pharmacogenetics, affect
the clinical response for concomitant medication. Due to the fact that illegal synthetic
substances are often not labelled and hidden, DDIs can arise unexpectedly.’® The
replacement of prescribed medications and an erroneous sense of security during the
advancement of major diseases are additional sources of harm to consumers' health.'8® Toxic
contaminants may also occur in food supplements (e.g. heavy metals, microorganisms). These
contaminants can also have serious side effects and may interact with other medications.’

Allergenic substances might also not be labelled and remain hidden.®’

The health of consumers may also be at risk from variations in the amount of some
substances, whether they are below minimum or over maximum, as in the case of synephrine,
which is particularly dangerous when combined with a high caffeine dosage.®® Another
relevant factor is that a person's nutritional requirements vary depending on their energy
requirements (based on weight, height, etc.), and other physiological conditions (development
stage, pregnancy and lactating). Furthermore, lifestyle factors like stress, alcohol

consumption, smoking, and physical activity level could all affect dietary requirements.'8®
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Unauthorized herbal products similarly pose a variety of hidden risks, since, natural origin

does not ensure safety.*®®

It is crucial to note that herbal compounds might interact with
medications and that natural products can also result in adverse events. It is a myth that using
herbal substances is always safe and without any risk.1%-1% Food supplements may also
contain other unauthorized ingredients, such as unauthorized novel food ingredients, whose
safety has not been scientifically established.> Summarily, the lack of scientific evidence for
safety does not mean that the compound is safe. RASFF can be an effective tool to help risk
minimization and proactively suggest solutions for this complex global issue in food

supplement industry.

3.6. The RASFF system and legal framework

The RASFF was established to help the national competent authorities synchronize their
actions and sharing information with one another in regard to the control of foods and feed
that pose serious threats.” In the European Union, RASFF is used to help ensure that feed and
food meet the very minimum standards for safety and quality. This platform was aimed to
create a system for reporting concerns about food safety in the European Union. A member
state should immediately alert the European Commission (EC) via RASFF when it is
supposed that a food or feed poses a serious risk to the public's health. The members are
required to notify the EC to protect the public's health when products are withdrawn from the
market, recalled, or when quick action is required.” Additionally, they must report if they
concurred with the responsible operator that a food or feed should not be distributed, and any
action has been made due to serious risk. The same applies in the case if the product is despite
of being controversial is still marketed under certain circumstances. Information sent through
RASFF enables EU nations to respond to a hazard to public health posed by food or feed
more quickly and effectively. Regulation (EC) No 178/2002, which establishes the European
Food Safety Authority, specifies general principles and requirements of food law, and
regulates procedures in food safety matters, which serves as the legal basis for the
RASFF.”%%2 The procedure describes when a RASFF notification is necessary and specifies
the system members. After the five primary processes have been completed, each RASFF
member has a designated contact point that is in responsible of forwarding RASFF alerts to
the Commission. (i) The suspected item had to undergo market or border inspection by food
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or feed inspectors. They might have collected samples and verified the findings of the
laboratory. (ii) The product is determined to be non-compliant and must be reported to the
national system. (iii) The authority determines whether the problematic product belongs to the
scope of the RASFF system and informs the national RASFF contact point. (iv) The national
contact point submits the RASFF notification to the European Commission after verifying and
completing it as required. It includes necessary documentation, such as analytical reports, and
describes the findings and actions taken using a RASFF notification form. (v) Templates are
primarily used to collect all relevant data on the RASFF report, as RASFF report must contain
some crucial information. (i) The "origin™ field provides the information that is currently
available regarding the source of the concerned product(s); however, this does not imply that
any discovered dangers are related to that origin. (ii) The action taken field shows the action
that the notifying country has taken or ready to take at the time of notification. “No action
taken” by the notifying country means that the product is not on the market in that country,
although it may be available in other member countries and should be scrutinized. (iii) The
"Distribution status™ section shows potential market distribution ["in the European Economic
Area (EEA)] for the product, which does not necessarily mean that the product is already
available to consumers on the shelves, as this is frequently not the case.” In addition, the
RASFF generally make information available to the public, but members of the network are
not permitted to release any information that is officially considered private. In order to
ensure that feed and food meet the minimum requirements for safety and quality, the
European Union uses RASFF. Each RASFF member [the 27 national food safety agencies of
the European Union and Norway, Liechtenstein, Iceland, and Switzerland, as well as the
Commission Services of the European Commission, EFSA, and ESA (European Space
Agency)] may identify an issue and take the necessary actions (such as withdrawing the
product) to trigger the alert.*®’

The types of RASFF notifications can be alert; information; border rejections or news. The
notification's objective is to provide all RASFF members the necessary information to
confirm whether the enquired product is available on their market. Consequently, the nation
will be supported to protect public health where it is required. It denotes situations in which
immediate action is necessary due to a serious health risk (risk decision process). The RASFF

is intended to be a crucial tool for the national competent authorities to coordinate their efforts
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and notify one another regarding the control of food and feed that pose dangers for

costumers.’

The new Novel Foods Regulation (EU) 2015/2283 aims to maintain a high level of food
safety for European consumers while making it easier for food firms to introduce new and
innovative foods to the EU market.*®* The list of approved novel foods in the European Union
is contained in Commission implementing Regulation (EU) 2017/2470 of 20 December 2017
creating the Union list of novel foods in accordance with Regulation (EU) 2015/2283 of the
European Parliament and of the Council on novel foods.!® Use of a product that has been
rejected under the Novel Food Regulation in any food or feed products is prohibited.
Therefore, a safety assessment under the Novel Food Regulation is necessary before it may be
placed on the market in the EU as a food or food ingredient. Action must be taken right away
in case of the availability of an unapproved food supplement, and via RASFF, the national
responsible authorities must warn every interested party involved in the control of food and

feed that pose significant threats.’
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4. MATERIAL AND METHODS

4.1. Analysis of RASFF data

Data from the RASFF portal were collected retrospectively. The filter in the portal was set for
“dietetic foods, food supplements, fortified foods”. Data from individual reports were entered
[date, product, product category, notification type, origin (notified by), countries concerned,
subject, action taken, distribution status and risk decision)]. Four main categories were created
and sorted the notification records. The first was “A” for unauthorized ingredients; the second
represented “B” for unsafe ingredients; and two others: “C” if there was a problem with the
level of the ingredient (too high or too low) or “D” which meant other problems (e.g.
mislabelling, taste disturbance). “A” category was handled differently than “C”, and the
results were analysed also separately. As part of the RASFF Portal, RASFF signals are
categorized as alert, information notification, or border rejection. On the basis of the reported
product's intended application, subcategories were constructed. The risks and adverse effects
were also evaluated. Before January 1, 2020, all data from the reported supplements database,
ranging from 1988 to 2019, were extracted. Each entry was individually reviewed.
Descriptive analyses were performed using Microsoft Excel 2010 (Microsoft Excel,
RRID:SCR_016137) for Windows (Microsoft Inc.), after categorizing RASFF signals.

4.2. Meta-analysis
4.2.1. Literature search and selection criteria

The Cochrane Library, PubMed, EMBASE, and Web of Science (Wo0S) databases were
searched electronically. All databases were checked until August 17, 2022. The key term
‘synephrine’ was used in the search process. Following the CONSORT recommendations,
this meta-analysis of eligible peer-reviewed articles was presented in compliance with the
PRISMA statement. Trials were chosen if they met the following criteria: (1) they involved
humans, (2) they compared known doses of orally administered synephrine with a placebo, an
active control, or both, and (3) they were completed. The PICO (patients, intervention,
comparison, outcome) format was used to accomplish this work as follows: P: adults; I:

known p-synephrine dosage administered orally; C: placebo or control; and O: changes in
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body weight, composition, cardiovascular, and metabolic markers (i.e., heart rate, blood
pressure, body weight, body fat, fat mass, fat-free mass, fasting blood sugar level, and RER
values). Our hypothesis was that synephrine promotes weight loss and that using it is linked to
undesirable cardiovascular effects. This work is PROSPERO registered (359626). There were
no restrictions on the number of patients who could participate or the amount of p-synephrine

that could be administered. The included articles had to be accessed in English.

4.2.2. Data extraction and endpoints

Only clinical trials involving adults were included in this meta-analysis, as stated in the PICO.
Findings related to the efficacy and safety of synephrine were collected from these clinical
trials. The values that were available at least in three articles were chosen for the final analysis
of the study endpoints. The final trials/outcomes of analysis could change as a result of
statistical analysis. The primary author's name, publication year, study design, population,
participant count, other medications used in the intervention group, synephrine regimen, and

results were all taken out of individual studies.

4.2.3. Quality evaluations

The literature search was performed independently by two authors (D.K. and D.C.), and both
authors read the full-text articles and extracted the relevant information out of the sources.
The Cochrane Risk of Bias Tool, which includes the following domains: random sequence
generation, allocation concealment, the blinding of participants and personnel, the blinding of
outcome assessment, incomplete outcome data, selective reporting, and other scores of bias,
was used performed by two of the authors (D.C. and B.T.) to analyse the risk of bias. Studies
were classified as having a high (red), unclear (yellow), or low (green) risk of bias for each
domain (Annex 4 and 5). Any disagreements finally were resolved by consensus. The
Review Manager (RevMan) software from the Cochrane Training site in London, UK was
used for generating risk of bias figures.

4.2.4. Statistical analysis

If an outcome was mentioned in at least three papers, it was chosen for the final analysis;

nevertheless, subsequent attrition and particular time periods could change the examined
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study and outcome number. A post-post analysis was conducted to evaluate the weighted
mean difference (MD) and effect sizes (ESs) between test and control group values
(synephrine vs control). The heterogeneity was assessed using Chi? or Tau? test. When there
was any additional intervention(s) beyond synephrine, the varying study intervention arms
were eliminated from the final analysis (mainly caffeine). In the case of subjects who
consumed different amounts of caffeine, habitual low caffeine users were chosen compared to
regular high caffeine users. The Review Manager 5.4.1 program was used to carry out the
statistical analysis. When the p value was less than 0.05, the findings were accepted
statistically significant.
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5. RESULTS
5.1. RASFF notifications

2,559 records of food supplements with quality issues were included in the RASFF database's
raw data set, and several of these products were marketed to assist weight loss (372, 14.54 %).
319 (12.5%) of the overall counterfeited weight loss aids were containing illegal unauthorized
substances (“A” category). Of these slimming products, 202/319 (63.3%) contained synthetic
weight loss pharmacons that were not approved. Erectile dysfunction medications and
performance enhancers, which are not included in this article, were other often utilized
adulterants. According to the aggregate reports taken from RASFF, the first alerts were made
in 2003, and the number of recorded signals continued to rise until 2019 (especially in case of
DNP). DNP was the most frequent adulterant in the anti-obesity products (113 out of 319,
35.4%). In the weight loss dietary supplement category, sibutramine was the second most
common adulterant (69 products, 21.6%), and it was reported every year, as contrary to DNP,
which was only reported in four distinct years, in 2003, 2017, 2018, and 2019.
Phenolphthalein, a laxative with genotoxic and carcinogenic potential was the less common
synthetic adulterant, with 20 reports. Less frequently reported unauthorized plant substances
included Vachellia rigidula (in RASFF portal listed as syn.: Acacia rigidula) Stevia
rebaudiana and Hoodia gordonii (Figure 1).
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Figure 1. Notifications on weight loss food supplements in the RASFF (2003-2019) (Accessed
2019.12.31.)
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According to our statistical review, reports of contaminated DNP products have primarily
been reported from the United Kingdom. Sibutramine was reported less frequently in other
nations, with Germany having the largest number of reports, followed by Cyprus and
Slovenia (Annex 6,7 and 8). According to the reports, DNP first appeared as an adulterant in
Finland in 2003. There were no more reports on DNP until 2017, whereby it reappeared, and
the production of DNP-containing products began to rise sharply. The notifications came
from Cyprus and the United Kingdom. After its initial discovery in food supplements in 2005,
sibutramine has become a widely used adulterant in the EU. The number of reports on
supplements containing sibutramine peaked in 2012 (21 reports), which concerned many EU
nations. The first two reports on phenolphthalein were from Cyprus and Hungary. Seven
complaints of phenolphthalein were from Germany in 2013. Based on the records, the
conclusion is that sibutramine emerged more often, but it occurred in less products. DNP was
most abundant in 2018 (41 times) and 2019 (70 times), although sibutramine's popularity
seems to peak in the early 2010s with 14 and 21 reports, respectively, were recorded in 2011
and 2012. In 2012, there were six complaints of phenolphthalein; in 2013, there were seven
reports, which represented phenolphthalein in the highest amount. Hoodia gordonii (66 of
117, 56.4%), Stevia rebaudiana (23, 19.66%), and Acacia rigidula (28, 23.93%) were
reported as illegal herbal products based on the RASFF signals. Poland, Lithuania, France,
Malta, Spain, Belgium, Austria, Switzerland, Ireland, Sweden, and Finland were the nations
impacted by contaminated herbal products (Annex 9,10 and 11). The first record of Hoodia
gordonii was made in the Netherlands in 2005 (2 reports). The highest recorded number of H.
gordonii-containing products (30 reports) was reported in 2017. There were no Hoodia
gordonii reports in 2016. Denmark reported the first emergence of a product containing
unauthorized Stevia rebaudiana in 2006. There were four reports of unapproved Stevia
rebaudiana-containing products in 2010. From 1988 through 2019, it was present every year
with the exception of 2005, 2015, 2018, and 2019. The first reports of Acacia rigidula were
reported in 2016, initially in the Netherlands, but later also in Belgium, Austria, France,
Malta, Spain, and other European nations. In total, 28 records were recorded in RASFF. In
2017, there were 30 reports of Hoodia gordonii, which was present more frequently but in
smaller amounts. Although unauthorized Stevia rebaudiana has been reported nearly every

year, the maximum reports were only four. Acacia rigidula only began to appear in 2016, and
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in 2017 it reappeared with 23 records. Overall, 53 (53 of 372 reports, 14.25%) reports, highest
amount of 16 in 2016 and 15 in 2013 were recorded in connection with synephrine in “C”
category. Notifications were originated from: Norway, Denmark, Poland, France, Sweden,
Finland, Germany, and the Netherlands.” The first report of synephrine was in 2007. The
second record was found in 2009 and the notifications were constantly emerged until the end
of the analysed time interval, 2009-2019 (Annex 9, 10 and 11).

5.2. Efficacy and safety of Citrus aurantium extracts and p-synephrine
5.2.1. Literature search

2,435 articles were found as a result of the literature search (Annex 12). After duplicates were
removed, 1,472 papers remained, and 51 publications were revised and retrieved for full text
screening (excluded: n=1,421). Eligibility was determined for the 51 full-text articles.
Following revision, it was determined that 21 studies were suitable for qualitative analysis.
Acrticles were disqualified if they were not peer-reviewed scientific papers (such as abstracts
or posters) (n=2), if they were clinical trials without synephrine (n=3), if they were not human
clinical studies (n=1), or if they did not specify the length of the experiment (n=5). Additional
studies were excluded if they missed: relevant outcomes (n=4), statistical values (n=1),
detailed outcomes (n=7), placebo-control (n=3), or were not clinical studies (n=4). The
authors of two trials'°%%" did not specify the precise dosage of synephrine, and one research
was open-label'®®, causing these studies ineligible for further quantitative analyses.
Consequently, the final quantitative analysis comprised a total of 18 studies involving 341
participants. In a two-way, crossover, open-label trial, Penzak et al. evaluated the
cardiovascular effects of approximately 13-14 mg of synephrine, which had no
significant impact on SBP, DBP, or HR in 12 healthy individuals.’®® A randomized crossover
trial was conducted by Kliszczewicz et al. to compare the effects of 100 mg of Citrus
aurantium (CA) powder (with unknown synephrine dosage) to 100 mg of caffeine or placebo.
The HR of test subjects significantly increased in a time-dependent manner after ingesting
Citrus aurantium.® In a separate randomized double-blind study, participants drank 140 mL
of a high-energy beverage with unspecified amounts of methyl-synephrine.!®” According to
their findings, the intervention group's SBP was significantly higher during the three-hour

research period, but neither the HR nor the DBP underwent any significant changes.

26



5.2.2. Characteristics of the trials

All the included trials (n=18) were double-blinded, prospective, parallel or crossover, within-
subjects, or counterbalanced studies (Annex 13). There were seven crossover trials!®®-2%; five
were parallel-designed!’2%6-2%: four had within-subject designe?!%2'! or other?'?213 designs
and two was carried out in a counterbalanced manner.2**?15 Fourteen studies evaluated
synephrine's acute effects. 199205209215 The effects of longer treatment duration (ranging from
4 to 8 weeks) was evaluated in four trials.1"2%6-2% The daily dose of synephrine ranged from
6 to 214 mg. The inclusion criteria of the trials varied from one study to another. Eight trials
exclusively included participants who were physically active,!73:201:205206.208,210212.215 Heg|thy,
normotensive, but untrained individuals took part in eight studies,!99:200.202:204,207,209,211,213
Overweight adults were enrolled in four trials.173:203208214 Exercise training was a part of nine
trials,173201,205206,208212-215 \jeight loss and body compositions were assessed in three
articles'’32%.208 and all of these trials required exercise intervention, and two involved dietary
restrictions.”>2% In nine trials workout interventions were not applied.199:200:202-204,207,209-211 |
seven studies, the primary evaluated intervention was not synephrine (e.g.
caffeine).173:200,201.203,206.208.214 Caffeine also speeds up the heartbeat and raises blood pressure
which could change the outcome in the final analysis. In one study??, it was mentioned that
all participants consumed less than 50 mg of caffeine per day, the authors of the other studies
did not state if the volunteers were regular or irregular caffeine users. Based on the average
amount of caffeine consumed, Bush et al.? and Ratamess et al.?!! split the groups. However,
in order to make the examined groups more homogeneous, the subgroup of habitual high
caffeine users (>300 mg) was left out of our final meta-analysis. Caffeine restriction was

requested in seven trials,173:205:207,208,212,213,215

5.2.3. Demography of the patients

The inclusion process was consistent with the Helsinki declaration in all trials, involving only
adult patients (age above 18 years or older). Pregnant women were excluded in eight
trials,173:199-202,204207.208  Smpking was a prohibited activity or only non-smokers took part in
nine trials,199:201205206214,210-212215 The age of the participants ranged from 18 to 51 years.
Participants were either healthy with sedentary or active lifestyle, or overweight.

Additionally, more male patients (68.45%) were randomly assigned. A total of 341 subjects
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were examined with considering the crossover design and the within-subject design (Annex
14).

5.2.4. Outcomes

SBP, DBP, HR, weight loss, body fat percentage, fat mass, fat free mass, blood glucose, and
RER values were the analysed outcomes. Other adverse events (e.g. complaints of
headache?®?, hyperventilation?®, racing heart-rate, feeling dizzy, and feeling irritable or
perspiring?!!, palpitations, shortness of breath, anxiousness, and blurred vision?°) were also
mentioned in several studies, but they were too heterogeneous to be statistically examined. In
the included studies, increase in VO uptake?®, an increase in energy expenditure?®, an
increase in fat oxidation and a decrease in carbohydrate utilization?*32'® and other changes in
the ratings of perceived exertion were also reported.?!2%1> However, the these were left out of
the final meta-analysis because none of them were reported in at least three articles or were

based on too heterogeneous characteristics (time intervals) or lacked detailed results.

5.2.4.1. Cardiovascular outcomes

To evaluate the effects of synephrine on blood pressure, a total of 11 trials with 222
participants, 6 different time sets, and various dosages (range 10-214 mg) were used. The
synephrine group's SBP tended to increase (Figure 2). The mean difference was 1.21 mmHg
(95% CI: -2.57-5.00), which was not significant (p=0.53) but demonstrated a larger effect
size for synephrine than for placebo 30-45 minutes after the administration of 20-50 mg
synephrine. The post-post analysis revealed a non-significant increase in SBP (MD 1.56
mmHg, 95% CI: -1.11-4.24, p=0.25) following the administration of the products containing
49-214 mg synephrine for with an hour. Based on the results of to five studies including 61
patients, the effects of synephrine (49-180 mg) remained insignificant after two hours, (MD
3.89 mmHg, 95% ClI: -0.99-8.77, p=0.12). Only a small effect on SBP was seen after 3 hours
after administration (MD 0.34 mmHg, 95% ClI: -2.18-2.87, p=0.79), and it diminished after
6-8 hours from consumption (MD 0.10 mmHg, 95% CI: -3.82-4.02, p=0.96; dosage 27-108
mg). Based on the results of two trials involving 75 patients, after 8 weeks of administration,
a daily dose of 10-49 mg synephrine had a significant effect on the systolic blood pressure
(MD 6.37 mmHg, 95% ClI: 1.02-11.72, p=0.02).
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Figure 2. Forest plot diagram of synephrine on systolic blood pressure acutely (after 30-45 min, 1 h, 2
h, 3 h, and 6-8 h) and long duration (5660 days) in the intervention and the control groups.

In DBP, the dosages and the articles that were included were identical; however, we took out
one data point by two hours®® because the statistical SD value "0" could not have been
estimated from the original article. Synephrine (20-214 mg) administration did not
significantly affect DBP neither 30-45 minutes after administration (MD -0.88 mmHg,
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95%Cl: -4.45-2.70, p=0.63), nor 1 hour after administration (MD -0.89 mmHg, 95%ClI: -
2.92-1.13, p=0.39), nor 2 hours after administration (MD 0.48 mmHg, 95%Cl: -2.22-3.17,
p=0.73); nor 3 hours after administration (MD 0.40 mmHg 95%Cl: -1.83-2.62, p=0.73); nor
6-8 hours after administration (MD -0.43 mmHg 95%Cl: -3.52-2.66, p=0.78). A significant
effect on DBP was observed after long-term (8 weeks) use of synephrine (10-49 mg) (MD
4.33 mmHg, 95% CI: 0.48-8.18, p=0.03), based on two trials with 75 participants (Figure 3).
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Figure 3. Forest plot diagram of synephrine on diastolic blood pressure acutely (after 30—45 min; 1 h;
2 h; 3 h; and 6-8 h) and long duration (56-60 days) in the intervention and the control groups.
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Overall, the effects of synephrine on heart rate were investigated in 9 studies involving 129
participants, with 6 different time periods, and varying synephrine dosages (range 20-214
mg). Significant differences between synephrine and placebo were not detected; nevertheless,
the heart rate in the synephrine group modestly rose 30 minutes to 6 hours after consumption
(Figure 4). The mean difference in heart rate was 3.15 beats per minute (30—45 minutes) after
taking 20-50 mg synephrine (95% CI: -0.41-6.71, p=0.08), and it was 1.11 beats per minute
(95% CI: -1.32-3.53, p=0.37) after 1 hour of taking 49-214 mg synephrine. A non-significant
increase in heart rate was seen 2 hours after ingesting 49-180 mg of synephrine (MD 3.15
beat/min, 95% CI: -0.65-6.96, p=0.10). Based on four studies involving 43 subjects, the
synephrine-adjusted increase in heart rate was 3.48 beat/min (95% CI: -0.33-7.29, p=0.07) 3
hours after ingesting 60-180 mg of synephrine. Based on the included studies, the effects
were still not significant after 4 hours (MD 3.25 beat/min, 95% CI: -2.86-9.35, p=0.30), or
after 6 hours (MD 2.84 beat/min, 95% ClI: -2.80-8.48, p=0.32; range 49-108 mg).
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Figure 4. Forest plot diagram of synephrine on heart rate acutely (after 30—45 min, 1 h, 2 h, 3 h, 4 h,
and 6 h) interval in the intervention and in the control groups.
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5.2.4.2. Weight loss and body composition

Three trials were analysed to determine the impact of synephrine on weight loss."3206208 The
daily doses of synephrine were 54 mg, 20 mg, and 10 (5 x 2) mg, respectively, the trials lasted
for several weeks (42-56 days or 6-8 weeks). Our meta-analysis determined that its impact on
weight loss was not statistically significant (MD 0.60 kg, 95% CI: -5.62-6.83, p=0.85)
(Figure 5D). Only a slight reduction of the body fat was observed after synephrine ingestion
(MD -1.87%, 95% CI: -3.92-0.18, p=0.07), and the impact was statistically not different from
that of placebo (Figure 5E). Synephrine (20 or 54 mg) treatment had no significant effects on
fat mass. The average difference was -0.32 kg (95% CI. -3.76-3.11, p=0.85) (Figure 5F).
Based on the included studies, low doses of synephrine (10 and 20 mg) did not significantly
alter the fat free mass (MD 0.47 kg, 95% CI: -4.19-5.13, p=0.84) (Figure 5G).
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Figure 5. Forest plot diagram of synephrine on weight (D), body fat (E), fat mass (F), and fat free
mass (G) after 42-56 days (68 weeks) in the intervention and in the control groups.
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5.2.4.3. Other outcomes

Based on the included studies, 6-103 mg synephrine did not significantly affect blood glucose
levels. After 2-3 hours of the consumption of synephrine, blood glucose levels increased
slightly but not significantly (MD 4.62 mg/dL, 95% CI: -3.04-12.29, p=0.24) with moderate
heterogeneity (TAU?=30.32%) (Figure 6 and Annex 15). The effect of synephrine on blood

and plasma glucose was likewise not significant in the head-to-head studies.?0%:210214
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Figure 6. Forest plot diagram of synephrine’s acute effects on blood glucose in the intervention and in
the control groups (2—3 hours).

Three studies were conducted to examine the acute effects of synephrine (6-60 mg) on
respiratory exchange ratio (RER).20%203214 After 1, 2, or 3 hours of dosing, synephrine had no
significant effects. After one hour of consumption, there was no difference [the mean
difference was 0.00 (95% CI: -0.03-0.03, p=0.91)]; strengthened by a non-classical leave one
out analysis; after two hours, synephrine produced a difference of -0.02 (95% CI: -0.12-0.09,
p=0.75; after three hours, a difference of -0.02 (95% CI: -0.12-0.08, p=0.73) was observed
(Annex 16).

5.2.5. Risk of bias

Overall, we rated the methodological quality of the trials included in our final quantitative
analysis to be satisfactory, with the majority of the studies having low or unclear risk of bias
(Annex 4 and 5). Three studies provided descriptions of the random sequence
generation!®29420% and the measures used to ensure allocation concealment were revealed in
gight trials,199201.205206.210211.213215 A 3 result, these studies' selection bias (i.e. random
sequence generation or allocation concealment) was considered to be low. Sale et al.,?** on the
other hand, did not specify whether or not their study was randomised, hence there was a high

possibility of selection bias. The remaining studies lacked the necessary data to assess

35


https://www.mdpi.com/2072-6643/14/19/4019/htm#app1-nutrients-14-04019

selection bias, hence it these studies had an unclear risk of selection bias. Four studies!®®2%>
206,215 \ere judged to have low risk of performance bias, whereas 14 studies were considered
to have unclear risk of performance bias because it was unclear whether the treatment and the
comparator were identical in size, shape, colour, and odour and it was also unclear who and
until when was blinded. Four studies!®®202212213 had |ow risk of detection bias; however, it
was not obvious from the remaining 14 studies whether the data were evaluated in a blinded
manner or not. All the included studies had low risk of attrition and reporting bias. Since five
trials were at least partially funded by pharmaceutical companies with relations to the

products being evaluated, these studies reckoned to have uncertain risk of other bias.29420%-
211,214
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6. DISCUSSION

Our research focused on products with an intended use as a slimming agent. Firstly, we
summarized the trends of illegal food supplements related with warning signals in RASFF
between 1988 and 2019. The products reported for suspected quality issues (e.g. adulteration)
are potential sources of serious risks. Hence, these products may cause serious adverse effects
and dangerous interactions in sensitive patients.!%-1% We collected and summarized the most
frequently used unauthorized natural and synthetic adulterants and assessed the trends of
adulterated and illegal food supplements based on the warnings of the RASFF. This work was

designed to help risk management and risk minimization concerning food supplements.

The rising frequency of illegal food supplement signals in RASFF is alarming. Between 1988
and 2019, DNP and sibutramine were the most frequent illegal substances in weight loss
products. The former may cause rapid weight loss, but serious side effects are related to its
use.% In the past, numerous deaths linked to DNP have been reported.?®* DNP was identified
as an adulterant for the first time in 2003, however between 2017 and 2019, more products
containing this compound have been reported. Products with DNP-contamination were
primarily found in the United Kingdom. Although sibutramine was reported from several
countries, there were fewer products that included it. Based on the SCOUT trial, sibutramine
increases the risk of nonfatal myocardial infarction and nonfatal stroke in individuals with
pre-existing cardiovascular disease and increases the likelihood of high blood pressure or

rapid heartbeat.”

It is alarming, that a large percentage of the reported signals were associated with hazardous
synthetic drugs like DNP, sibutramine and phenolphthalein. DNP has been the subject of an
increasing number of reports, and as in the medical literature, the lethal oral dose is about
only 1-3 g per os, and 3 g has proven fatal, even in divided doses over a period of 5 days.?’
Although the dosages from the fatal reports vary from 300 mg to 10 g, there is no safe level of
DNP.2!8 Therefore, DNP should be monitored more closely in the future. As the notifications
accessed in the RASFF system did not contain the dosage of DNP in the offered food
supplements, it must be taken even more seriously as the majority (99%) of the reports were

in serious risk category.
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Among the most popular food supplements of natural origin, extracts of Hoodia gordonii,
Stevia rebaudiana and Vachellia rigidula were the most frequently registered illegal items in
RASFF from 1988 to 2019. Based on the results of our research of RASFF, Stevia rebaudiana
appears to be the least harmful and least risky ingredient and it was reported in a modest
amount. Even though it has been used as a traditional medicine for hundreds of years,
additional scientific and clinical research is still required to confirm its safety because it was
almost consistently represented in RASFF from 1988 to 2017 and is extremely popular by
customers.? The safety of the other two plants (H. gordonii and A. rigidula) has not been
established scientifically, and they are still not accepted as novel foods.#>1%8 Despite the fact
that H. gordonii is frequently used as an adulterant and promoted for its ability to aid weight
loss, little is understood about its chemical components and their action mechanism. Recent
studies revealed that taking H. gordonii may raise blood pressure and heart rate.}4
H. gordonii has been resurfacing often since 1988, it is obligatory to monitor food
supplements that include Hoodia. Several biogenic amines can be found in the native shrub
A. rigidula, which grows in the South-eastern United States. The plant has been utilized for
weight loss products, but neither its traditional use — it has never been applied in traditional
medicine — nor the literature data have yet provided evidence of its effects. Recent occurrence
of Acacia rigidula in the RASFF portal emphasizes the need to monitor A. rigidula in dietary
supplements. Because of there is no legal regulation that limits the amount of synephrine and
other alkaloids in dietary supplements, it would be desirable that each country set a maximum
quantity of synephrine, 18018

Because synephrine has a daily dose limit in some countries, there have been constant reports
(n=53) in the RASFF about products containing more synephrine than allowed. Although its
efficacy and safety have not been fully demonstrated,'®* p-synephrine, a protoalkaloid isolated
from the immature fruit or peel of the bitter orange (Citrus x aurantium), is extensively
utilized in weight reduction and sports performance products.’®® We aimed to determine the
efficacy and safety of synephrine in order to dispel myths surrounding its use because it
appears that legal background and notification procedures do not always guarantee safety and
frequently lack scientific evidence to ensure efficacy. Synephrine is frequently mentioned in
RASFF in connection with UL issues. Our systematic review and meta-analysis revealed that

p-synephrine had no effects on body weight or composition measures, it did raise blood
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pressure over time. This meta-analysis examined 341 adult participants from 18 trials in total.
To evaluate synephrine's effects on weight loss and determine its safety based on its effects on
cardiovascular variables, different time sets had to be applied depending on the original time
points in each outcome. According to the literature, the range of daily doses for p-synephrine
is 25 to 100 mg,'%"?1%220 phyt participants in the included trials took 6-214 mg daily.
According to our meta-analysis, synephrine significantly elevated systolic blood pressure
when taking for prolonged time, but it did not have such effects acutely (p=0.02). When used
for extended periods of time (8 weeks), it demonstrated similar significant effects and less
pronounced acute effects on diastolic blood pressure (p=0.03). The heart rate increased
following acute synephrine administration, although the difference remained insignificant; the
biggest elevation was detected 3 hours after ingestion (p=0.07). Our investigation led to the
conclusion that prolonged use of synephrine resulted a not significant change [mean
difference of 0.6 kg (p=0.85)] in body weight. Body fat (-1.87%, n=94, p=0.07), fat mass (-
0.32 kg, n=69, p=0.85), and fat free mass (0.47 kg, n=78, p=0.84) were all similarly
unaffected by synephrine. According to some research, p-synephrine may be able to regulate
blood sugar levels by encouraging the uptake of extra blood sugar through either insulin-
dependent or -independent pathways in skeletal muscles.??! Maintaining appropriate blood
glucose levels would be advantageous, indicating a higher hepatic glucose release, which
would be beneficial during exercise.?°*?22 However, based on our findings, taking synephrine
acutely did not significantly change blood glucose levels (p=0.24), and taking 6-103 mg
synephrine did not have an impact on blood glucose maintenance. Our findings imply that
taking 6-60 mg of synephrine does not significantly alter RER values. 33 participants were
examined over 3 articles in our analysis. In these studies, the effects of synephrine were
evaluated an hour after consumption. Approximately 2—3 hours after intake, only data of 20
subjects were accessible. Since all three of the evaluated trials included a supplement that
contained extra caffeine, RER value alterations in the studies were likely caused by
caffeine.?®> Lower RER levels reflect lipid oxidation, while higher RER values suggest that
carbohydrates are being used as fuel primarily.????* In response to equivalent workloads,
physically active and trained subjects show lower RER values than untrained sedentary

subjects.?25-227

39



Our results clearly indicate that the use of synephrine may negatively affect cardiovascular
health. The use of ephedrine is linked to an elevated risk of cardiovascular morbidity and
mortality, a comparably potent but more secure substitute would be greatly appreciated.8%162
The dosage of synephrine employed in the analysis of weight loss was daily 10-54 mg for
42-56 days, which is almost the same as the dosage that caused a cardiovascular adverse
event (increased blood pressure) 56-60 days following the administration of 10-49 mg
synephrine. Our meta-analysis showed that using synephrine also hinders the cardiovascular
health; therefore, it might not be a safe substitute for ephedrine for people who have pre-
existing comorbidities. Products containing p-synephrine are promoted to people who desire
to utilize more energy during low- to moderate-intensity activity.'®* However, it has not yet
been demonstrated that consuming bitter orange or synephrine can reduce body fat or increase
weight loss.*®! The fact that only information from peer-reviewed publications was included
and that all the included studies were double blinded are major strength of our meta-analysis.
However, the analysis has a number of limitations. First of all, the investigated products
varied in terms of their composition and contained different dosages (ranging from 6-214 mg)
of synephrine. In one study, m- and p- synephrine were both used?®? and one study
investigated the effects of methyl-synephrine HCI.?® Overall six trials used isolated p-
synephrine.?0%213215 The remaining ten investigations used products (e.g. bitter orange
extracts'®®294205 or other formulations!’3200.201203.206208.214y * that ere standardized to
synephrine. High attrition and the fact that just a few studies evaluated the same outcomes
resulting in very short plots were the main limitations of this meta-analysis. On the other
hand, respondents displayed a wide range of characteristics related to age and physical
activity, and more males were examined. Exercise intervention was used in certain trials,
which further exacerbated the data's heterogeneity. Prior to this study, Stohs et al. conducted a

thorough systematic review of synephrine; however, no statistical analyses were done.??
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7. CONCLUSIONS

Given the ongoing global expansion of the food supplement sector, it is critical to understand
the potential for counterfeit products to pose a public health risk. Counterfeit signals are
important tools to make food supplements safer for the consumers, and the protect their
health. It is necessary to establish a number of initiatives to reduce the prevalence of
counterfeit products by strengthening industry standards for testing, efficacy, and safety. On
the other hand, there is an obvious need for efficient solutions to help weight loss because
currently there are only a few accessible treatment choices.

Unpredictable interactions between easily available counterfeited food supplements and other
medications can also lead to significant adverse events. It is concerning that it seems that
there are increasing numbers of signals in RASFF about contaminated products. The RASFF
contained overall 372 records for weight loss food supplements with a quality concern
between 1988 and 2019. 319 (85.75%) contained unauthorized ingredients such as DNP [113
of 319 (35.4%)] and sibutramine (69, 21.6%). There were less reports of unauthorized herbal
substances [117/319 (36.68%)]. In the category of inappropriate dosages, synephrine was
identified 53 [53/372 (14.25%)] times, as the synephrine content in these products was often

over the authorized level in some countries.

Based on our observations synephrine cannot be considered as a safe and effective alternative
for Ephedra sinica Stapf or ephedrine in the dose range of 10-214 mg. Furthermore, our
meta-analysis identified safety issues with synephrine consumption. When used for longer
periods of time, p-synephrine significantly raised both systolic and diastolic blood pressure
and it also tended to elevate heart rate and systolic blood pressure acutely. Our meta-analysis
revealed that it had no beneficial effects on body composition or weight loss. Consequently,
the cost/benefit ratio of its use is unfavourable. The regulatory authorities, the industry and
consumers must re-evaluate their perspectives on the balance between product quality and
efficacy regarding food supplements as the current legal situation does not prevent all
potentially dangerous weight loss substances from entering the market. My thesis only

touches on a small portion of the vast and intricate problem of counterfeit food supplements.
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ANNEX 1. Available pharmacological treatment possibilities for obese patients in the

European Union.

Compound Approved in the Mechanism of Possible adverse effects
EU action
Semaglutide Since 2020 appetite suppressant, gastrointestinal adverse events
and delays gastric
emptying
Orlistat since 1998 Inhibit intestinal liver damage, vitamin deficiency
lipases
Liraglutide since 2009 appetite suppressant, hypoglycaemia, diarrhoea, cardiovascular
and delays gastric outcomes
emptying
Naltrexone- since 2015 appetite suppressant headache, constipation, possible
bupropion /antidepressant cardiovascular side effects
Phentermine 1956-2012 appetite suppressant  cardiovascular and central nervous system
effects

* based on the authorization of the national competent authority, phentermine resinate is available in modified-
release capsules in the Czech Republic
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ANNEX 2. Withdrawn amphetamine type medications for obese patients in the European

Union.

Ingredient Approved in  Mechanism of action  Possible adverse effects

the EU
Amphetamine 1932-1968 increases dependence, cardiac complications
noradrenaline,
serotonine, and
dopamine release

PPA 1939-1997 increases haemorrhagic stroke
noradrenaline,
serotonine, and
dopamine release

Fenfluramine, 1963-1997, increase serotonine pulmonary hypertension
dexfenfluramine 1985-1997 release

Fenfluramine, 1984-1997 increase serotonine pulmonary hypertension
phentermine (fen- release, appetite

phen) suppressant
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ANNEX 3. Withdrawn non-amphetamine derivative type medications for obese patients in

the European Union.

Ingredient Approved in the Mechanism of action Possible adverse effects
EU
DNP 1933-1938 increase thermogenesis hyperthermia
Rimonabant 2006-2009 CBs-receptor blocker depressed mood, anxiety, and suicidal
ideation
Sibutramine 1999-2010 antidepressant, appetite increased systolic and diastolic blood
suppressant pressure and heart rate
Lorcaserin 2012-2013 increases serotonin increased occurrence of cancer
release
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ANNEX 4. Risk of bias graph of the synephrine meta-analysis.
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ANNEX 5. Risk of bias summary of the synephrine meta-analysis.
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ANNEX 6. Notifications on DNP and sibutramine.

YEAR DNP sibutramine

2003 1 Finland 0 NR*

2004 0 NR* 0 NR*

2005 0 NR* 2 Germany, Poland

2006 0 NR* 0 NR*

2007 0 NR* 0 NR*

2008 0 NR* 0 NR*

2009 0 NR* 6 Romania, Germany, Italy, Cyprus

2010 0 NR* 10 Cyprus, Germany, Italy, Romania, Slovenia

2011 0 NR* 14 Cyprus, Romania, Hungary, Germany, Malta

2012 0 NR* 21 Belgium, Bulgaria, Germany, Lithuania,
Luxembourg, Slovenia

2013 0 NR* 5 Belgium, Cyprus, Germany

2014 0 NR* 4 France, Germany

2015 0 NR* 0 NR*

2016 0 NR* 4 Germany, Spain, Cyprus

2017 1 United Kingdom 2 Cyprus, Slovenia

2018 41 United Kingdom 0 NR*

2019 70 United Kingdom, Cyprus 1 Germany

* no reports
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ANNEX 7. Notifications on food supplements containing DNP or sibutramine from 2003 to
2019.
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ANNEX 8. Ratio of DNP (outside) and sibutramine (inside) from 2003 to 2019.
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ANNEX 9. Unauthorized Hoodia gordonii, Stevia rebaudiana, Acacia rigidula and

synephrine-products (above maximal limit) in the European Union based on RASFF results
from 2005 to 2019.

YEAR Hoodia goordoni Stevia rebaudiana Acacia rigidula Synephrine
2005 2 Netherlands 0 NR* 0 NR* 0 NR*
2006 4 Denmark, 1 Denmark 0 NR* 0 NR*

Finland, Malta
2007 14 Malta 1 Malta 0 NR* 3 Norway,
Denmark
2008 1 Germany 1 Slovenia 0 NR* 0 NR*
2009 4  Slovenia, Malta 1 Slovakia 0 NR* 1 Poland
2010 2 Ireland, 4 Hungary, 0 NR* 1 Poland
Lithuania Belgium,
Cyprus
2011 2 Belgium, 2 Malta, Finland 0 NR* 1 France
Germany
2012 2  France, Finland 4 Lithuania, 0 NR* 1 Sweden
France,
Finland
2013 1 Malta 1 Lithuania 0 NR* 15 Finland,
Denmark
2014 0 NR* 2 Malta, Finland 0 NR* 5 Poland,
Sweden,
Germany
2015 0 NR* 0 NR* 0 NR* 1 Norway
2016 0 NR* 4 Poland, Spain, 5 Netherlands, 16 Poland,
Malta Poland, Germany,
United Sweden,
Kingdom, Netherlands
Germany
2017 30 Poland, France, 2 Slovakia, 23 Poland, 4 Germany,
Malta, Spain Lithuania, Sweden
Netherlands, France, Malta,
Belgium, Spain,
Denmark, Belgium,
Switzerland, Austria,
Cyprus, Ireland, Switzerland,
Sweden Ireland,
Sweden
2018 3 Spain, Sweden 0 NR* NR* NR* 4 Germany,
Sweden
2019 1 Sweden 0 NR* NR* NR* 1 Sweden

* no reports
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ANNEX 10. Unauthorized Hoodia gordonii, Stevia rebaudiana, Acacia rigidula and
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ANNEX 11. Ratio of Hoodia gordonii, (first outer circle) and Stevia rebaudiana (second
middle circle) and Acacia rigidula (third inner circle) synephrine (last inner circle) from 2003
to 2019.
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ANNEX 12. PRISMA flow diagram for identification of relevant studies.
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ANNEX 13. Characteristics of the trials.

Author and year

Synephrine form

Study drug

Dosage

Design

Bui 2006 p- 54 mg 2 capsules daily prospective, crossover study, repeated-
p-synephrine) measure study design
Bush 2018 p- 103 mg once daily two capsules within subjects
Colker 1999 p- 54 mg once daily parallel
p-synephrine
Guiterrez-Hellin 2016 p- 3mg/kg of p-  once daily counterbalanced
synephrine
(average of
214 mg)
Guiterrez-Hellin 2018  p- 3 mg/kg of p-  once daily randomized
synephrine
(average of
203 mg)
Guiterrez-Hellin 2020  p- 3mg/kg of p-  once daily randomized
synephrine
(average of
213 mg)
Hoffman 2009 4-HMP 20 mg of 3 capsules daily crossover
methyl-
synephrine
HCI
Jung 2017a p- 20 mg 1 serving daily counterbalanced and crossover manner
Jung 2017b p- 20 mg 1 foil packet per parallel, prospective cohort
day approximately 15-30 min
prior to exercise
Kaats 2013 p- 24.4 (49 mg twice daily parallel
daily)
Kalman 2000 p- 5mg twice daily parallel
Min 2005 p- or m- 27 mg 1 tablet crossover
dose of bitter-orange dried-fruit
extract
Sale 2006 p- Standardized 2 capsules daily counterbalanced
for synephrine
3 mg (6mg)
Seifert 2011 p- 13 mg (total 4 capsules for a total of 52 mg p-  crossover
of 52 mg) synephrine and 704 mg caffeine
over a 24-hour period
Shara 2016 p- 49-mg 1 single capsule daily crossover
Stohs 2011 p- 50 mg 1 ounce of juice daily parallel
Ratamess 2018 p- 103 mg once daily two capsules within subjects
Benjamim 2022 p- 180 mg once 180 mg synephrine crossover

containing capsule

* p- stands for para- synephrine; m- stands for is meta-synephrine (phenylephrine) and 4-HMP means methyl-synephrine HCI
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ANNEX 14. Demography of patients.

Patients

Average age

Patient
randomized

Overall
Dropout

Control

Intervention

Male
female

Bui 2006 healthy 26+2 15 2 13 13 10
male, 5
female

Bush 2018 healthy and physically active 203+ 1.3 16 2 8 8 10
male, 3
female

Colker 1999 healthy BMI > 25 kg/m2 >21 23 3 7 9 NK

Guiterrez-Hellin healthy and physically active ~ 26.0 + 7.2 years 18 0 9 9 NK

2016

Guiterrez-Hellin healthy and physically active ~ 25.0 + 7.0 years 13 0 13 13 11

2018 male, 2
female

Guiterrez-Hellin healthy 31+6.9 years 14 1 13 13 11

2020 male, 2
female

Hoffman 2009 healthy, 71.5+17.2kg; 173  202+1.2 10 0 10 10 5 male,

+2.6% body fat 5
female

Jung 2017a healthy (recreationally 22+3 26 1 25 25 20

active) male 5
female

Jung 2017b healthy, (resistance-trained 209+3.9 80 0 27 26 80

male) male

Kaats 2013 healthy 51.3 75 8 25 25 15
male,
60
female

Kalman 2000 healthy but overweight 42.07-43, 06 30 5 13 12 23

adults, body mass index >27 male, 7
kg/m? female

Min 2005 healthy 249+4.4 18 1 18 18 NK

Sale 2006 overweight, sedentary males ~ 27+7 10 1 10 10 10
male

Seifert 2011 mildly overweight 24.7 +7.4 23 0 11 12 9 male,

individuals 14
female

Shara 2016 healthy 25 18 0 18 18 9 male,
9
female,

Stohs 2011 healthy NK 50 0 10 10 NK

Ratamess 2018 healthy 203+1.3 16 0 8 8 13
male, 3
female

Benjamim 2022 healthy physically active 18-30 17 5 12 12 17

males male

* NK not known
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ANNEX 15. Forest plot diagram of synephrine on blood glucose levels after administering for
short time (2-3 hours) in the intervention and in the control groups with one change of the

time duration.

Synephrine Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% CI
Bush_3hr 2018 475 45 8 46 153 8 248% 150955 1255]
Jung_2hr 2017a 1138 15 25 1015 144 25 327% 12.30[4.15, 20.45] =
Sale_2hr 2006 92 59 10 911 58 10 425% 0.90[-4.23,6.03]
Total (95% CI) 43 43 100.0% 4.78[-2.79, 12.35]

Heterogeneity: Tau®= 28.28; Chi*= 557 df=2 (P=0.08), F= 64% t t T

f {
Test for overall effect Z=1.24 (P = 0.22) -100 50 Cmm.mDS.T.nepm.me 100

(H/2)
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ANNEX 16. Forest plot diagram of synephrine on RER values 1-3 hours after administration

(1 hour two times with one change in time interval) in the intervention and in the control

groups.

Synephrine Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Haoffrman 2009 0.86 005 10 087 009 10 196% -0.01 [-0.07, 0.09]
Sale 2006 0.842 0.042 10 0.814 0.051 10 47.7% 0.03[0.01,007]
Seifert 2011 083 007 12 086 005 11 327% -0.03[-0.08 0.07
Total (95% CI) 32 31 100.0% 0.00[-0.03, 0.03]
Heterogeneity: Chi®= 3.29, df= 2 (P = 0.19); I*= 39% I 1 1 y {
o N -100 -a0 0 a0 100
Testfor averall effect Z=0.11 (P =0.91) Control Synephrine
Synephrine Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hofftnan 2009 0.86 005 10 087 009 10 17.7% -0.01 [-0.07, 0.05]
Sale_2Zhr 2006 0.823 0.045 10 0.789 0.039 10 528% 0.03[0.00, 007]
Seifert 2011 0.83 007 12 086 005 11 295% -0.03[-0.08 002
Total (95% CI) 32 31 100.0% 0.01[-0.02, 0.03]
ity: Chi?= = = R= I t 1 t |
?etﬂogenemfl.l C? ;;4_180 :;—PQEPD—Sgﬂ 1), F=55% 2100 a0 0 a0 100
estfor overall effect: 2= 0.54 (P = 0.59) Control  Synephrine
Synephrine Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
Haffrman 2009 08 004 10 087 007 10 48.6% -0.07[-0.12,-0.02]
Sale 2006 0.823 0.045 10 0.78% 0.039 10 51.4% 0.03 [0.00, 0.07]
Total (95% CI) 20 20 100.0%  -0.02[-0.12, 0.09]
Heterogeneity: Tau®= 0.00; Chi*=10.77, df=1 (P = 0.0013; F=91% I 1 1 y {
o ~ -100 -a0 0 a0 100
Testfor averall effect Z=0.32 (P =0749) Control  Synephrine
Synephrine Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
Haffrman 2009 079 004 10 086 007 10 481% -0.07[-0.12,-0.02]
Sale 2006 0.799 0.024 10 0.76% 0.045 10 51.9% 0.03 [-0.00, 0.08]
Total (95% CI) 20 20 100.0%  -0.02 [-0.12, 0.08]
Heterogeneity: Tau®= 0.00; Chi*=11.21, df=1 (F=0.0008); F=91% '-1DD -5'0 ﬁ 5'0 1DD'

Testfor overall effect Z=035(FP=073)

D
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APPENDIX

The thesis is based on the following publications:

I. Koncz, D., Téth, B., Roza, O., & Csupor, D. (2021). A Systematic Review of the
European Rapid Alert System for Food and Feed: Tendencies in lllegal Food
Supplements for Weight Loss. Frontiers in pharmacology, 11, 2465.
https://doi.org/10.3389/fphar.2020.611361

Il. Koncz, D., Téth, B., Bahar, M. A., Roza, O., & Csupor, D. (2022). The Safety and
Efficacy of Citrus aurantium (Bitter Orange) Extracts and p-Synephrine: A
Systematic Review and Meta-Analysis. Nutrients, 14(19), 4019.
https://doi.org/10.3390/nu14194019
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A Systematic Review of the European
Rapid Alert System for Food and Feed:
Tendencies in lllegal Food
Supplements for Weight Loss

Dorottya Koncz', Barbara Téth "2, Orsolya Roza"? and Dezsé Csupor’?*

"Department of Pharmacognosy, University of Szeged, Szeged, Hungary, 2Medical School, Institute for Translational Medicine,
University of Pécs, Pécs, Hungary

Background: Slimming products represent a dynamically growing group of food
supplements worldwide. The efficacy of safely usable natural ingredients is usually
below consumers’ expectations. Certain manufacturers add unauthorized or prohibited
ingredients to weight loss supplements in order to increase their efficacy. Hence, many of
these products are adulterated and may pose a risk to the consumers’ health.

Aims: The aim of our work was to give an overview on natural ingredients used in slimming
products, to summarize the frequently used synthetic adulterants and also to assess the
trends of adulterated and illegal food supplements in the European Union based on the
warnings of the Rapid Alert System for Food and Feed (RASFF) in the time period of
1988-2019.

Methods: Reports between 1988-2019 were extracted from the RASFF portal on
January 1, 2020. Each entry was individually reviewed.

Results: 2,559 records of food supplements with quality problems were identified in the
RASFF, several of which [319 (12,5%)] were marketed to facilitate weight loss. 202 (63,3%)
contained unapproved, synthetic drug ingredients. The major adulterant (113 of 319,
35.4%) was DNP (2,4-dinitrophenol), whereas sibutramine was the second most frequent
adulterant agent (69 products, 21,6%) between 1988 and 2019.

Conclusion: The number of approved medicines for the indication of weight loss is
relatively low and their efficacy (and also that of the natural ingredients) is limited. Therefore,
a significant number of weight loss supplements is adulterated to satisfy patients’
expectations. Hence, these products may cause serious adverse effects in sensitive
patients.

Abbreviations: 5-HT2C, 5-hydroxytryptamine; ATP, adenosine triphosphate; BMI, body-mass index; CB1-receptor, can-
nabinoid receptor type 1; CHMP, Committee for Medicinal Products for Human Use; CLA, conjugated linoleic acid; DNP, 2,4-
dinitrophenol; EC, European Commission; EGCG, epigallocatechin-3-gallate; EMA, European Medicines Agency; EU, Eu-
ropean Union; FA, fatty acid; GCE, green coffee extract; GLP-1, glucagon like peptide-1; GM, glucomannan; HCA,
(-)-hydroxycitric acid; NA, noradrenaline; NR, no reports; POMC, pro-opiomelanocortin; PPA, phenylpropanolamine; RASFF,
rapid alert system for food and feed; RCT, randomized controlled trial; SCOUT, sibutramine cardiovascular outcomes trial;
T2DM, type 2 diabetes mellitus; WMD, weighted mean difference.
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INTRODUCTION

Obesity is an emerging health problem worldwide, the number of
affected people doubled from 1980 to 2008 (Finucane et al., 2011).
Not only the incidence of obesity has been growing, but the
world’s population’s mean BMI has also been increasing by a
significant 0.4-0.5 kg/m? in each decade (Finucane et al., 2011).
Based on the World Health Organization’s (WHO) estimates,
almost two billion adults had a body-mass index (BMI) > 25.0
and of these adults more than 650 million people were classified
as obese (BMI >30.0) in 2016 (World Health Organisation, 2018;
Montan et al, 2019). Obesity does not only affect the
United States, but it is becoming an epidemic also in Europe
and even in several developing countries (Barness et al., 2007).
According to a recently issued report, approximately 23% of the
female and 20% of the male population of Europe were
considered obese (World Health Organisation, 2019). If game-
changing measures are not going to be applied, by the end of this
decade, more than half of the world’s adult population will be
obese or at least overweight (Kelly et al, 2008). Obesity is
associated with many comorbidities, including cardiovascular
(e.g. heart disease, hypertension) and cerebrovascular (e.g.
stroke) ailments. The incidence of other severe chronic
diseases, such as type 2 diabetes mellitus (T2DM) and
degenerative musculoskeletal diseases (e.g. arthritis) are higher
among overweight and obese people than among people with
normal BMI. Moreover, Alzheimer’s disease and some malignant
tumors affect more often obese people (World Health
Organisation, 2018). Lifestyle interventions, involving dietary
modifications and increased physical activity are of high
importance in avoiding obesity; however, a high proportion of
the individuals loses interest shortly after they have started their
new lifestyle and return to their original one; therefore, the results
are rarely permanent (Curioni and Lourenco, 2005). In the past
century, many pharmacons have been approved to support
weight loss; however, currently only three APIs and one
combination product are available for this indication in the
European Union (EU) (Tonstad et al, 2016). Several
medicines are no longer available on the market because of
safety concerns. Alternative methods are sought-after in the
treatment of obesity. The most commonly used products for
this purpose are food supplements, which are easily available on
the market. However, these products are often counterfeited,
containing illegal components. RASFF was set up to aid the
national competent authorities in harmonizing their actions
and informing one another in the control of food and feed
that are posing serious risks (Rapid Alert System for Food and
Feed (RASFF), 2020). RASFF is used in the European Union to
help obtain the minimally required safety and quality of feed and
food (i.e. safety and quality).

The goals of our study were to give an overview on the most
widely used natural products, and on the safety profiles of
available and withdrawn pharmacons that might be used to
facilitate weight loss. We also aimed to assess their presence in

food supplements on the European market associated with a
warning released by RASFF and to summarize the trends from
1988 to 2019.

PHARMACOTHERAPY OF OBESITY

According to current guidelines, complex measures should be
considered in obese patients and pharmacological therapy should
only be used along other lifestyle modifications. Actions to
address weight management should not only be applied in
obese people (BMI >30), but also in patients with a BMI
>27 kg/m” if they already have metabolic syndrome or sleep
apnea. The efficacy of pharmacotherapy should be assessed
and reconsidered within 3 months of initiating the treatment
(Yumuk et al., 2015), and it is highly recommended to complete
pharmacotherapy with comprehensive lifestyle modifications
including calorie deficit and pronounced physical activity.

A great deal of pharmacons previously used in weight
management are no longer marketed because of safety issues.
These drugs involve amphetamine derivatives, fenfluramine,
lorcaserin, phenylpropanolamine, rimonabant, and sibutramine
(Bray, 2014; Morris, 2018). The emerged safety concerns
highlight that the potential side-effects (CNS-depressing
effects, insomnia, toxicity, primary pulmonary hypertension)
of pharmacons inducing weight loss should be monitored and
assessed more thoroughly (Montan et al, 2019). Currently
available medications for this purpose in the European Union
are orlistat, liraglutide, naltrexone/bupropion and phentermine
resinate (Yumuk et al., 2015; EMA 2020b; The State Institute for
Drug Control (SUKL), 2020).

In the meantime, the popularity of food supplements for
weight loss management and their market share have been
increasing  (Rios-Hoyo and  Gutiérrez-Salmean,  2016).
Unfortunately, some products are adulterated with synthetic
substances, usually formerly approved weight loss compounds,
which had already been withdrawn from the market. Hence, these
food supplements can pose serious health risks for consumers.

Medications of Obesity Available in the

European Union

Orlistat

Orlistat (1) gained its marketing approval for obesity
management by the European Commission (EC) in 1998
(Supplementary Table S1). It was the first selective,
irreversible inhibitor of gastric and pancreatic lipase enzymes.
Its mechanism of action involves the reduction of dietary fat
lipolysis and absorption (Al-Suwailem et al., 2006). It is a
prescription-only medicine in the European Union. Based on
the results of a meta-analysis, orlistat decreased average body
weight with 2.35 and 2.94 kg, at doses 60 and 120 mg, respectively
(Li et al., 2005). Its use may be associated with clinically relevant
mild-to-moderate gastrointestinal adverse effects (e.g. abdominal
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pain, diarrhea, fecal spotting, and steatorrhea). Apart from the
above-mentioned minor side-effects, serious adverse reactions
were also associated with the use of orlistat (e.g. subacute liver
failure, cholelithiasis and cholestatic hepatitis). The safety of the
chronic use of orlistat is highly questionable because it affects the
absorption of other pharmacons and fat-soluble vitamins
(Filippatos et al., 2008).

Liraglutide

Liraglutide acts as a glucagon like peptide-1 (GLP-1) receptor
agonist and it was first used for the treatment of T2DM (Collins
and Costello, 2019). Liraglutide was a promising pharmacon in
the therapy of T2DM, because it improved the patients’
cardiovascular status and outcome (Marso et al., 2016). After
being proved in human studies that GLP-1 analogues promote
weight loss, it has become an approved drug for weight
management. The mechanism of action of liraglutide involves
appetite suppression and delayed gastric emptying (Mehta et al.,
2017). Nevertheless, liraglutide was authorized by the European
Medicine Agency (EMA) as an adjunct to a comprehensive
lifestyle measures to induce weight loss (Supplementary Table
S1; Christou et al., 2016; EMA, 2020b).

Liraglutide is available as an injection, but another GLP-1
receptor antagonist, semaglutide can be given per os. Semaglutide
gained its EMA approval recently for the treatment of adults with
insufficiently controlled T2DM to improve glycemic control
(Gomez-Peralta 2019). Semaglutide is also
monitored; therefore, rapid identification of safety concerns
and unknown side effects are made possible (EMA, 2020a).

In human studies, the most common side effects associated
with the intake of liraglutide included gastrointestinal symptoms
(e.g. nausea and vomiting, risk of pancreatitis), and increased
pulse rate (Marso et al, 2016). In a clinical trial, from
randomization to the 20™ week, the mean weight loss in the
intention-to-treat (ITT) population, was statistically significantly
bigger in the liraglutide treated groups when compared to
placebo. The effect was dose-dependent, daily doses of 1.2, 1.8,
2.8, and 3.0 mg liraglutide resulted in a weigh loss of 4.8, 5.5, 6.3,
and 7.2 kg, respectively. Taking placebo resulted in a 2.8 kg
weigh loss (Astrup et al., 2009).

and Abreu,

Naltrexone-Bupropion

After subsequent clinical trials demonstrated its safety, a
combination therapy, containing naltrexone (2) and bupropion
(3) has been approved in the EU for weight management
(Supplementary Table S1). Naltrexone acts as an opioid
antagonist on the p-opioid receptor and decreases appetite by
inhibiting B-endorphin-mediated autoinhibition of POMC (pro-
opiomelanocortin) neurons (Grossman et al., 2003; Cone, 2005;
Greenway et al,, 2009). The anorectic effects of the antidepressant
bupropion is mediated via the stimulation of the activity of POMC
cells in the arcuate nucleus of the hypothalamus (Caixas et al., 2014).
Significant weight loss was observed in participants assigned to the
combination group after the end of a 56-week-long trial. Patients in
the verum group received 32mg of naltrexone and 360 mg
bupropion daily. In groups showing the highest weight loss, the
combination was applied for 28-36 weeks, mean change in

Counterfeit Supplements for Weight Loss

bodyweight was —6.1 kg (Greenway et al., 2009). Based on the
above mentioned evidence, this combination may serve as a possible
treatment adjunct to lifestyle modifications by promoting satiety,
reducing appetite, enhancing energy expenditure; therefore, it helps
patients to achieve weight loss goals (European Medicines Agency,
2015; Sherman et al., 2016). Initially, the first clinical trials focused
on the cardiovascular side effects of the combination (Sherman
et al., 2016; Tek, 2016). The combination of naltrexone and
bupropion is contraindicated in patients with uncontrolled
hypertension; however, the possible risks of this combination on
cardiometabolic parameters of the patients is not fully understood
(Connolly et al., 1997; James et al., 2010). Based on the clinical trials,
frequently occurring adverse effects in participants in the verum
group were nausea, headache, constipation, dizziness, vomiting, and
xerostomia (Vorsanger et al, 2016). Bupropion alone, and in
combination with naltrexone increases the blood pressure;
therefore, therapies in which bupropion is administered should
only be initiated in patients whose blood pressure is well-controlled.
Moreover, the patient’s blood pressure is to be checked regularly by
either the patient itself or by a health care professional throughout
the whole course of the treatment.

Phentermine

Phentermine (4) has great potential as a weight loss drug. It also acts
on the POMC neurons of the hypothalamus by inhibiting the
norepinephrine transporter (Narayanaswami and Dwoskin, 2017).
Weigh loss of up to 6 kg have been reported by taking phentermine
(15-30 mg/daily) (Lonneman et al.,, 2013). Phentermine had been
used as an approved drug to overcome obesity in Europe since 1956
(Supplementary Table S1), and it was a frequently prescribed
medicine for decades (Colman, 2005). However, in 2012 the EMA
withdraw the marketing authorization of phentermine because of its
side-effects. Based on the published evidence, the compound might
affect the cardiovascular and the central nervous system when used
for a long time. Moreover, the authority was concerned about the
possibility of the use of the drug by obese adults for whom taking
phentermine may have deteriorating effects (Shin and Gadde,
2013). Nevertheless, phentermine resinate is available in
modified-release capsules in the Czech Republic based on the
authorization of the national competent authority (The State
Institute for Drug Control (SUKL), 2020). Phentermine was
combined with topiramate (PHEN/TPM) to achieve weight loss
goals and enhance quality of life of obese people. The combination
was to be used once daily, but its approval was withdrawn in Europe
in 2012, due to concerns regarding its safety (Shin and Gadde,
2013). Although, a 56-week-long trial conducted with a controlled
release formulation of phentermine and topiramate (containing
15 mg phentermine and 92 mg topiramate) was proved to have an
outstanding efficacy; however, it has to be noted that its use
increased dose-dependently the occurrence of psychiatric and
cognitive adverse events (Scheen and Van Gaal, 2014).

Withdrawn Amphetamine Derivative-type

Medications in the European Union
Amphetamine and its derivates (e.g. phenylpropanolamine,
fenfluramine, dexfenfluramine) were used for obesity the first
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time in the 1930s (Bray and Greenway, 1999). These compounds
are mainly derived from phenylethylamine from which
neurotransmitters dopamine, epinephrine and norepinephrine
are derived. The weight loss mechanism of action of
amphetamine derivatives involves the stimulation of
norepinephrine- and dopamine-release in the hypothalamic
and limbic regions’ satiety centers (Bray, 1993). Amphetamine
derivatives exert their anorexigenic effect for a few hours; but
tolerance develops relatively fast within only a few weeks.
Amphetamine use and abuse often result in cardiac
complications (Bazmi et al, 2017). Amphetamine derivatives
used as weight loss therapy were removed from the legal
market in Europe due to safety concerns and the quick
development of tolerance (Supplementary Table S2).

Phenylpropanolamine

Phenylpropanolamine (PPA, 5) is available without prescription,
and commonly administered as an appetite suppressant for
weight loss, and also in cases of cough and common cold
(Kernan et al, 2000). PPA is chemically related to the
amphetamine-like anorectic agents (Walker et al, 1996).
Effects of PPA in weight loss is documented, but the exact
mechanism of action is not fully elaborated (Wellman and
Sellers, 1986).

Despite the fact that its safety and efficacy profile is
controversial, the drug is still available in some European
countries. There are safety concerns suggesting a link between
the consumption of PPA and stroke (Kernan et al., 2000). In a
clinical trial, complementary to a 5,023 kJ (1,200 kcal) diet,
patients in the verum group took 75mg of sustained release
PPA for 6 weeks and the achieved weight loss was higher than in
the non-treated placebo group (Schteingart, 1992). Patients in the
verum group lost 2.59 kg, while the results in the placebo-
receiving group was less pronounced (-1.07 kg). 36 patients of
the original study were agreed to be enrolled in a further double-
blind trial up to 20 weeks, and the difference remained significant
(PPA -5.1; placebo —0.4 kg, p = 0.01). In spite of the more weight
loss in the PPA group, patients did not report a greater
anorexigenic effect. The authors of the article concluded that
phenylpropanolamine can be used in combination with a diet
based on calorie deficit to promote safe weight management.

Fenfluramine, Dexfenfluramine

(+)-Norfenfluramine (6), the active metabolite of prodrugs
fenfluramine and dexfenfluramine, induces weight loss and it
is a potent agonist on 5-hydroxytryptamine (5-HT,¢) receptors
(Porter et al., 1999; Fitzgerald et al, 2000). Both drugs,
fenfluramine and its (S)-isomer, dexfenfluramine were used in
monotherapy, the former one for short-term, and the latter one
for long-term weight management, even if its long-term safety
was not yet documented (Weintraub et al., 1992). The effects of
dexfenfluramine were examined on obese women (n = 52) in a
placebo-controlled, double-blind study. Patients in the
dexfenfluramine group followed a 1,500 kcal/day diet and took
15 mg dexfenfluramine twice a day (Ditschuneit et al., 1996).
After completing the 12-months-long trial, patients in the verum
group lost 14.2 + 2.20 kg, while patients in the placebo group lost
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only 4.92 + 2.99 kg. The side-effects of dexfenfluramine are quite
alarming though; based on a case-control study, it increased the
prevalence of cardiovascular diseases, and its use was associated
with pulmonary hypertension (Abenhaim et al., 1996). Therefore,
because of safety concerns, both drugs, and the so called fen-phen
formulation (combination of fenfluramine and phentermine)
were withdrawn from the market in 1997 (Weintraub et al.,
1992; Wadden et al., 1998; European Medicines Agency, 2003).

Withdrawn Non-amphetamine Derivative

Type Medications in the European Union
2,4-Dinitrophenol

The compound 2,4-dinitrophenol (DNP, 7) was initially applied in
explosive mixtures, but in 1933 it was discovered that DNP causes
significant weight loss, and soon it was marketed in slimming
products (Tainter et al, 1933). DNP contributes to weigh
management by increasing the basal metabolic rate (Cutting
et al,, 1933). However, serious adverse effects occurred so often
that it was withdrawn from the market, and it was labelled as an
‘extremely dangerous’ drug (Supplementary Table S3; Tainter
et al., 1934; McFee et al., 2004; Colman, 2007). The side-effects of
DNP are associated with its mechanism of action: DNP induces a
hyper-metabolic state of the body via uncoupling oxidative
phosphorylation, and the excess energy becomes thermal energy
in the mitochondria. Hyper-metabolite state is followed therefore
with an uncontrolled thermogenesis causing hyperthermia and
undesirable elevated body temperature associated with systemic
responses (Tainter et al., 1935). After 1938, DNP was no longer
prescribed and reports on severe side-effects did not occur, but it is
assumed that the use of the compound has not been vanished
completely, because case reports of DNP caused deaths still
emerged after it has been withdrawn from the legal market
(Colman, 2007). Today, DNP is sold illegally as a weight loss
aid under a number of different names and its use is encouraged by
reports of rapid and safe weight loss (McFee et al., 2004).

Rimonabant

Rimonabant (8), the first antagonist on the cannabinoid receptor
type 1 (CB,-receptor) entered the European market in 2006
(Supplementary Table S3) (Rinaldi-Carmona et al, 1995).
Initially, it was a promising medication, since several trials
proved its effects on weight loss and it also improved several
parameters of metabolic syndrome. A meta-analysis of RCT's
evaluating the efficacy and safety of rimonabant (20 mg/day)
found that the average weight loss in the treated group was 4.7 kg
(4.1-5.3 kg), significantly higher, compared to the placebo group
(Christensen et al., 2007). However, the use of rimonabant was
linked to diverse psychiatric adverse events (e.g. anxiety,
depression, and suicidal ideation); therefore, the EMA
withdrew the market authorization of rimonabant in the EU
in January 2009 (Sam et al., 2011).

Sibutramine

The antidepressant sibutramine (9) inhibits the reuptake of
neurotransmitters serotonin (5HT)- and noradrenaline (NA).
Apart from its original application later on it was found to
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reduce appetite (McNeely and Goa, 1998). In a 12-week-long
study, the effects of sibutramine was similar to that of
dexfenfluramine. Patients in both groups lost significant
amount of weight (4.5kg, and 3.2kg, respectively).
Sibutramine was used at daily doses ranging from 5 to 30 mg.
Based on the results of this study, the optimum daily dose of the
drug is 10-15mg (Lean, 1997). After reports on increased
diastolic and systolic blood pressure and pulse rate, concerns
were raised regarding the safety of sibutramine (Sharma et al,
2009). Hence, its safety was assessed in the so called Sibutramine
Cardiovascular Outcomes Trial (SCOUT) (James, 2005). In this
trial the harmlessness of sibutramine was evaluated on patients
with a history of cardiovascular disease. As a result, the EMA
concluded that the risk-benefit ratio was unfavorable for
sibutramine and recommended to suspend all marketing
authorizations for sibutramine-containing medicines in Europe
(Williams, 2010). Sibutramine was approved in 2001, whereas its
market authorization was suspended in 2010 (Supplementary
Table S$3; Ioannides-Demos et al., 2005).

Lorcaserin

Lorcaserin (10), an 5-HT),¢ receptor agonist, was an approved
drug for long-term treatment of obesity and it was intended to be
used along with reduced-calorie diet and increased physical
activity (Smith et al., 2010). In 2013 (Supplementary Table
$3), only one year after its marketing approval, the marketing
authorization holder officially notified the EMA’s Committee for
Medicinal Products for Human Use (CHMP) about his wish to
withdraw the marketing authorization for lorcaserin, because
based on the CHMP’ opinion the benefits of lorcaserin—a
medicine intended for helping to achieve weight control in
obese and overweight patients—did not outweigh its risks (e.g.
depression, valvulopathy) (European Medicines Agency, 2013).
The weight loss achieved after a one year treatment with
lorcaserin ranged from 4.5 to 5.8 kg in the published clinical
trials when taking 10 mg lorcaserin once or twice daily (Fidler
et al,, 2011). Patients taking lorcaserin experienced a significant
increased risk of depression (DiNicolantonio et al., 2014). Long-
term use might be associated with increased cancer risk
(LiverTox, 2012b).

FOOD SUPPLEMENTS FOR WEIGHT LOSS

Considering the limited efficacy and unfavorable side-effect
profiles of synthetic drugs, there is a high demand for
alternative treatments like herbal products to induce weight
loss (Bahmani et al., 2015). One further reason for turning to
alternative preparations is the fear from the possible side-effects
of synthetic drugs. However, natural origin does not guarantee
safety, as it can be demonstrated on the example of ephedrine, a
natural alkaloid of species of Ephedraceae having a remarkably
high cardiovascular risk (Samenuk et al., 2002). It is a myth that
the use of herbal substances are always safe and harmless, and it is
important to highlight that herbal compounds can have an
interaction with medicines and products of natural origin can
cause adverse events as well (Pittler and Ernst, 2001; Dwyer et al.,
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2005; Poddar et al., 2011; Astell et al., 2013). Moreover, since the
regulation and control of food supplements is less strict compared
to medicines, the ratio of conterfeit or mislabbelled, potentially
dangerous products might be higher.

According to a recent review, most popular natural ingredients
marketed for weight management include chitosan,
glucomannan, capsaicin, carnitine, and conjugated linoleic acid
(CLA) (Wharton et al., 2020). In Europe, other popular herbal
ingredients include Camellia sinensis (L.) Kuntze (Theaceae),
Garcinia cambogia (Gaertn.) Desr. (Clusiaceae) and unroasted
seed of Coffea arabica L. (Rubiaceae) (Barrea et al., 2019; Rios-
Hoyo and Gutiérrez-Salmean, 2016; The Plant List, 2013).
Hoodia gordonii (Masson) Sweet ex Decne. (Apocynaceae),
Stevia rebaudiana (Bertoni) Bertoni (Compositae), Acaciopsis
rigidula (Benth.) Britton and Rose (Leguminosae family, syn.
of Acacia rigidula) also occurred frequently as constituent of
weight loss products in the warnings of RASFF (The Plant List,
2013). In the following, we present an overview of the most
popular ingredients of weight loss products, including some
plants that were common constituents of products reported in
the RASFF system.

Chitosan

Chitosan, a polysaccharide composed of p-(1—4)-linked
D-glucosamine and N-acetyl-D-glucosamine units, is formed by
the deacetylation of chitin. This compound can be found in the
animal kingdom (e.g. the exoskeleton of crustaceans and insects)
(Mesa Ospina et al., 2015). It contributes to weight management
by lowering the absorption of dietary fat and cholesterol, and it
might also promote fat excretion leading to weight loss without
dietary modifications (Pokhis et al., 2015). A meta-analysis of 14
RCTs studied the effects of chitosan on body weight, serum lipids
and blood pressure (Moraru et al., 2018). The results indicated
that by the use of chitosan as a food supplement for up to
52 weeks might promote weight loss (average —1.01 kg). Apart
form its slight effects on the body weight, the consumption of
chitosan was associated with improvements of serum lipid profile
and a significant reduction blood pressure, both systolic and
diastolic (-2.68 mmHg, and —2.14 mmHg, respectively).

Based on the published studies, the short-term use of chitosan
is safe, but except for those with shellfish allergy (Waibel et al.,
2011). Adverse effects include flatulence, constipation,
indigestion, nausea, and heartburn (Gallaher et al, 2000).
Chitosan might interact with warfarin and partially interferes
with the absorption of the fat-soluble vitamins (i.e. vitamins A, D,
E, and K); however, its effects on the fecal fat excretion are not
fully proven (Huang et al., 2007; Jull et al., 2008).

Glucomannan

The most commonly used type of glucomannan (GM) in weight
loss products is extracted from tubers of Amorphophallus konjac
K. Koch (Araceae) (Xiao et al., 2000, The Plant List, 2013). GM, a
hemicellulose-type polysaccharide induces weight loss through
several mechanism. It makes the absorption in the small intestine
slower; however, reduces the transit time in the small intestine,
because it increases the viscosity of the content; furthermore, GM
increases energy loss via fecal excretion. GM induces satiety in
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several ways: the consumption of GM enhances mastication
efforts, and after its consumption it delays gastric emptying;
moreover, elevated levels of plasma cholecystokinin induces
cephalic- and gastrointestinal-phase satiety signals (Gallaher
et al., 2000; Rios-Hoyo and Gutiérrez-Salmean, 2016). A meta-
analysis found that the daily consumption of GM (1.2-15.1 g/
day) for 5 weeks improves the patient’ metabolic profile, but only
slightly affects the body weight (WMD: -0.79 kg) (Sood et al.,
2008). However, contrasting results were reported by Zalewski
and Szajewska, 2015, claiming that in otherwise healthy
overweight or obese adults, short-term use of GM may
promote a slight weight loss, but it does not affect the BMI.
The effects of GM on children are not enough to establish a firm
conclusion. Mild gastrointestinal adverse effects (bloating,
diarrhea) were associated with the use of GM (Keithley and
Swanson, 2005).

Capsaicin

Capsaicin (11) and capsaicinoids are agonists of the TRPV1
(transient receptor potential vanilloid subfamily 1) receptor,
and they mimic the effects of cold, which decreases the fat
mass through the activation and recruitment of brown adipose
tissue (Saito, 2015). Capsaicin affects the oxidation of lipid and
influences energy expenditure (Whiting al.,, 2014; Ludy et al,
2012; Zheng et al., 2017). Food rich in capsaicin contributes to
weight management by preventing obesity (Zheng et al., 2017).
There are also reports that the body weight of healthy women
who regularly use chili peppers is slightly reduced when
compared to those who do not use chili (Henry and Emery,
1986; Yoshioka et al., 1998). A meta-analysis based on eight
studies involving 191 participants concluded that patients who
took 2 mg capsaicin before each meal consumed less calorie by an
average of 74 kcal; therefore, capsaicin may help maintain weight
by reducing total energy intake (Whiting et al., 2014). However,
based on other literature data, the level of its effects on
thermogenesis and fat oxidation is moderate and its long-term
efficacy is questionable (Lejeune et al., 2003). A middle-aged man
with normal BMI would lose approximately 0.5 kg over 6.5 years
if he pursued a calorie deficit diet of 10 kcal and consumed
hedonically acceptable doses of capsaicin (Ludy et al, 2012),
whereas a weight loss of 2.6 kg over 8.5 years would be reachable if
he was in a 50kcal negative energy balance (Galgani and
Ravussin, 2010; Hall, 2010). Capsaicin at acceptable doses is
safe, although it might cause mild-to-moderate gastrointestinal
side-effects, sweating, flushing, and rhinorrhea (Avesaat et al.,
2016). In addition, capsaicin compounds can interfere with
antihypertensive agents (Patane et al., 2010).

Carnitine

Carnitine (12) transports long-chain fatty acids (FAs) into the
mitochondria for transformation, and energy is produced from
these FAs via P-oxidation, and it also aids eliminate toxic
compounds from the cell (NIH, 2017). L-carnitine is the
isomer of carnitine that is used to enhance weight loss
(Elmslie et al., 2006). Nine RCTs involving 911 patients were
summed up and analyzed in a systematic review and meta-
analysis (Pooyandjoo et al, 2016). Participants receiving
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carnitine (in doses varying from 1.8 g/day to 4 g/day) lost
significantly more weight (-1.33 kg) and their BMI decreased
significantly more (-0.47 kg/m®) than patients receiving the
control treatment. The results revealed that the weight loss
effects of carnitine diminished over time. L-carnitine is very
well tolerated; at doses of up to 15 g daily and there were only
a few, mild side effects like infrequent diarrhea, gastralgia and
nausea (Goa and Brogden, 1987).

Conjugated Linoleic Acid

Conjugated linoleic acid (CLA) and its isomers activate different
nuclear receptors and, thus, they differentially regulate the
expression of those genes that are related to lipid metabolism
(Chin et al., 1994). The natural sources of are beef meat and dairy
products, but it can also be found in dietary supplements (Schmid
etal, 2006). A meta-analysis of human studies indicated that the
effect of CLA on weight loss was superior to that of the placebo:
median doses of 3.2g was effective and reduced fat mass
(Whigham et al, 2007). However, in certain studies, the
association between CLA and weight loss was not observed
(Wharton et al.,, 2020). Nevertheless, there is a clear need for
further, larger human trials assessing the efficacy and safety of
CLA dietary supplements (Whigham et al., 2004). In animal
studies CLA interfered with glucose metabolism (e.g. increased
insulin resistance in mice) and lead to a change in liver function
inducing lipodystrophy; therefore, these effects should be
evaluated in human studies as well to rule out any safety
concerns (Clément et al., 2002).

Green Coffee

Unroasted seed of Coffea arabica L. are good sources of
chlorogenic acids (13) that are not present in roasted coffee
because of their thermolability (Farah et al, 2008). The
possible use of green coffee in weight management is related
to its chlorogenic acid content (Shimoda et al, 2006).
Chlorogenic acid-rich green coffee extracts reduce blood lipid
and glucose levels, blood pressure, and reduce the risk of certain
cardiovascular diseases (Sanlier et al., 2019). A meta-analysis of
three RCTs involving a total of 142 participants revealed that by
the consumption of green coffee extract (GCE) a significant
reduction in body weight was achieved (Onakpoya et al,
2011b). The authors of the above-mentioned meta-analysis
could not establish an effective dose for the extract. The grade
of evidence of this analysis is moderate, and if more rigorous trials
with longer duration are published, the efficacy and safety of GCE
in weight management might become appraisable.

Green Tea

The non-fermented leaves of Camellia sinensis (L.) Kuntze is green
tea. Its main active compounds are catechin polyphenols, such as
epicatechin,  epigallocatechin,  epicatechin-3-gallate ~ and
epigallocatechin-3-gallate (EGCG, 14). From these constituents,
EGCG is the one in which green tea is the most abundant and this
compound is the most important with respect to its
pharmacological effects (Musial et al., 2020). Caffeine is also a
major pharmacologically active ingredient of green tea
(Jeukendrup and Randell, 2011). It was found that a
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combination of green tea and caffeine contributed to weight
management in people who usually consume low amounts of
caffeine. The effect was attributed to enhanced thermogenesis
and fat oxidation (Dulloo et al.,, 1999). This might be explained
by the caffeine content of tea, since high doses of caffeine elevates
thermogenesis and fat oxidation and lowers leptin levels; therefore,
it might have body weight reducing effects (Westerterp-plantenga
et al, 2005). Moreover, catechins, especially EGCG, inhibits
catechol-O-methyltransferase (COMT) and therefore enhances
fat oxidation (Westerterp-plantenga et al, 2005). A meta-
analysis of human studies carried out with green tea proved
that EGCG-containing extracts have significant effect on weight
loss and its maintenance (WMD: -1.31 kg; duration at least 12
weeks). When analyzing the data from studies in which high
regular caffeine intake was recorded, the effect of caffeine intake
on body weight was not significant. However, the studied
population differed in these two groups, i.e. low caffeine intake
was studied on Asian participants and moderate-to-high caffeine
doses were studied in Caucasian people; therefore, the conflicting
results might derive form the heterogeneity of the included studies
(Hursel et al., 2009). Green tea extracts are common constituents of
slimming products; however, there are concerns about the
hepatotoxicity of extracts with high (>100mg/day) EGCG
content (Oketch-Rabah et al., 2020).

Garcinia cambogia

The main acid compound of Garcinia cambogia (Gaertn.) Desr. is
(-)-Hydroxycitric acid (HCA, 15). This compound have proven
adenosine triphosphate (ATP) citrate lyase inhibitory effects
(Watson et al,, 1969). The inhibition of the above mentioned
enzyme restricts the availability of acetyl coenzyme A (acetyl-CoA)
units that are necessary for fatty acid synthesis and lipogenesis
during a so called lipogenic diet when patients consume high
amounts of carbohydrates (Kornacker and Lowenstein, 1965;
Bressler and Brendel, 1966; Linn and Srere, 1979). The
compound restrains the synthesis of FAs, lipogenesis, appetite,
and therefore aids weight loss (Sullivan et al., 1972). Despite its
promising mechanisms, clinical studies have shown controversial
findings (Jena et al,, 2002). Nine RCT's were analyzed in a meta-
analysis which revealed a small but significant weight loss
promoting effect of HCA when compared to placebo
(Onakpoya et al, 2011a). The duration of the included studies
varied from 2 to 12 weeks, and the participants took 1-2.8 g of
HCA daily. More recently, cases of acute liver injury have been
emerged in association with a product claimed to contain Garcinia
cambogia. It is alarming that not only mild side effects (transient
and moderate enzyme elevations) were reported but symptomatic
acute hepatitis and acute liver failure were also described
(LiverTox, 2012a). The frequency of hepatic adverse reactions is
not known but it seems to be uncommon (<1:10,000). HCA might
influence glucose homeostasis by modifying insulin sensitivity, and
increasing gluconeogenesis and the formation of ketone bodies
(McCarty and Majeed, 1994; Jena et al., 2002).

Hoodia gordonii
The consumption of Hoodia gordonii (Masson) Sweet ex Decne.
has its tradition among a native South African people (van
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Heerden, 2008). Bushmen used to eat this succulent plant for
its appetite reducing effects. In Europe, H. gordonii can only be
marketed after appropriate safety assessment, since it was not
used as a food or food ingredient before 15 May 1997 (European
Commission, 2020). An oxypregnane glycoside, P57 (16) is
assumed to be responsible for the appetite reducing effects of
H. gordonii. It was found that after intracerebroventricular
administration, P57 increased ATP production in the
hypothalamus (MacLean and Luo, 2004). No published, peer-
reviewed meta-analysis of RCT's examining the efficacy of Hoodia
were found in the literature (PubMed/Medline, the Cochrane
Library, ClinicalKey and Google Scholar). In a placebo-controlled
study involving overweight women, the weight loss efficacy of H.
gordonii was compared to placebo. Participants were classified by
body fat percentages, and 25 of them took H. gordonii and 24
received placebo (Blom et al, 2011). To ensure identical
circumstances for each participant during the 15-day-long
study, they stayed in the clinic 4 days prior to the study for a
run-in period and during the 15-days treatment period.
Participants were asked to consume a yogurt drink 1h prior
to each breakfast and dinner. The yogurt contained 1,110 mg H.
gordonii or placebo. There were no serious adverse events but
nausea, vomiting, and disturbances of skin sensation occurred in
the verum group. Blood pressure, pulse rate, bilirubin and
alkaline phosphatase levels increased significantly in the verum
group. Recently alarming side effects (elevated blood pressure and
heart rate) that are in line with the previously describe study have
been reported (Roza et al., 2013).

Stevia rebaudiana

The plant Stevia rebaudiana (Bertoni) Bertoni is native to South
America, and Native Americans used it for centuries to sweeten
their food and also for medicinal purposes, as herbal tea to
alleviate several ailments, such as heartburn (Lemus-Mondaca
et al, 2012). Glucosides obtained from S. rebaudiana are
approximately 300 times sweeter than sucrose. Nowadays,
when obesity has become a worldwide problem, low- and no-
calorie sweeteners, such as S. rebaudiana offers an alternative that
might help reduce sugar intake, and decrease the incidence of
diseases derived from high refined sugar consumption (Samuel
et al,, 2018).

The whole plant and also the dried leaves of S. rebaudiana are
novel foods in the EU based on the Regulation (EC) No 258/97
(European Commission, 1997). Extracts prepared from the leaves
of S. rebaudiana are authorized as novel food, based on the
Regulation (EC) No 1333/2008 on food additives or Regulation
(EC) No 1334/2008 on flavorings, respectively (European
Commission, 2008). The regulation covers only herbal tea
containing or prepared with leaves of S. rebaudiana and
preparations that are to be used for sweetening or flavoring
purposes, every other use of Stevia is still unauthorized in the
European Union.

S. rebaudiana appears to be safe. Human and animal studies
have shown that steviol glycosides do not possess nor
carcinogenic, nor mutagenic, nor teratogenic activates, and
they do not have acute or subacute toxicity (Momtazi-Borojeni
et al., 2017).
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Acacia rigidula
Extracts of Acaciopsis rigidula (Benth.) Britton and Rose leaves

are used in weight loss products with little or no published clinical
data about their potential biological effects, and has no
documented history of use as food or traditional herbal
treatment (Pawar et al, 2014). A comprehensive literature
search in several databases (PubMed/Medline, the Cochrane
Library, ClinicalKey and Google Scholar) yielded no results
regarding its safety and efficacy. The consumption of A.
rigidula might be dangerous because it contains appreciable
amounts of toxic azotoids (Clement et al., 1998). A. rigidula is
still not a novel food in the European Union, hence it cannot be
market as food supplement, only taxons Acacia arabica (Lam.)
Willd., Acacia nilotica(L.) Delile, Acacia senegal (L.) Willd. and
Acacia verek Guill. and Perr. are authorized as a novel food
ingredient (European Commission, 2020).

MATERIALS AND METHODS

Retrospective data were extracted from the RASFF portal. Data
from individual warnings were recorded (date, product, product
category, notification type, countries concerned, subject, action
taken, distribution status and risk decision). Records were
grouped into four main categories:

(1) “A” for unauthorized ingredients;

(2) “B” for unsafe ingredients;

(3) “C” if there was a problem with the level of the ingredient
(too high or too low);

(4) “D” other problems (eg mislabeling, taste disturbance).

RASFF signals are classified as alert, information notification
or border rejection as part of its RASFF Portal. Subcategories were
created based on the intended use of the reported product. The
risks and adverse effects were also assessed. Data from 1988 to
2019 were extracted from the reported supplements database on
January 1, 2020. Each entry was individually reviewed. After the
data set was categorized, descriptive analyses were performed
using Microsoft Excel 2010 (Microsoft Excel, RRID:SCR_016137)
for Windows (Microsoft Inc.).

RESULTS

The raw data set from the RASFF database included 2,559 records
of food supplements with quality problems and several of these
products were marketed to facilitate weight loss [319 (12.5%)].
202 (63.3%) of these slimming products contained unapproved,
synthetic weight loss pharmacons. Other frequently used
adulterants were erectile dysfunction drugs and performance-
enhancers which are not included in this article.

The overall reports extracted from RASFF show that the first
notifications were created in 2003, and the number of the
reported signals kept growing until 2019 (especially in case of
DNP). The majority of the adulterated anti-obesity products
contained DNP (113 of 319, 35.4%). Sibutramine was the
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second most frequent adulterant (69 products, 21.6%) in the
weight loss food supplement category and it was reported in
almost every year, in contrast with DNP, which was reported only
in four different years, in 2003, 2017, 2018, 2019.
Phenolphthalein, a laxative with genotoxic and carcinogenic
potential was the less common synthetic adulterant, with 20
reports. Unauthorized plant ingredients such as Hoodia
gordonii  (Masson) Sweet ex Decne., Stevia rebaudiana
(Bertoni) Bertoni, and Acaciopsis rigidula (Benth.) Britton and
Rose (in RASFF portal recorded as syn.: Acacia rigidula) were
reported less frequently (Figure 1).

Based on our statistical overview, adulterated DNP products
have been reported mainly in the United Kingdom. Whereas
sibutramine has been reported with the highest number in
Germany followed by Cyprus and Slovenia, it was reported
less frequently in other countries (Supplementary Figure S1).

Based on the reports, DNP as adulterant first appeared in
2003, in Finland, and there were no reports on DNP until 2017,
and then in 2017, it appeared again, and the number of DNP-
containing products started to increase dramatically. The
notifications originated from the United Kingdom and Cyprus.

Sibutramine was first detected in food supplements in the
2005, and since then it is a common adulterant in the EU. The
number of reports on sibutramine-containing products peaked in
2012 (21 reports) and concerned many countries in the EU. The
first 2 phenolphthalein reports originated from Hungary and
Cyprus. The maximum number of phenolphthalein was seven
reports in 2013 from Germany (Supplementary Table S4).

The ratio of the emergence of these three, commonly used
synthetic compounds can be seen in Supplementary Figure S2.
Based on the reports, it can be concluded that sibutramine
emerged more frequently, but it occurred in fewer products.
DNP was mainly present in 2018 (41 times) and in 2019 (70
times), while the popularity of sibutramine seemingly peaked in
the early 2010s, in 2011 and 2012 14 and 21 reports were
registered, respectively. Phenolphthalein emerged with the
highest reports in 2012 with six reports and with seven reports
in 2013.

Based on the RASFF signals Hoodia gordonii [66 of 117
(56.4%)], Stevia rebaudiana [23 (19.66%)] and Acacia rigidula
[28 (23.93%)] were reported as unauthorized herbal products.
The countries affected by adulterated products were Poland,
Lithuania, France, Malta, Spain, Belgium, Austria, Switzerland,
Ireland, Sweden, and Finland as shown in Supplementary
Figure S3.

Hoodia gordonii was reported for the first time, in 2005 in the
Netherlands (2 reports). The greatest number of products containing
Hoodia goordonii was reported in 2017 (30 reports). In 2016, there
were no reports on Hoodia gordonii. The first appearance of a
product containing unauthorized Stevia rebaudiana was reported in
Denmark in 2006. The highest number of reports on products
containing unathorized Stevia rebaudiana was four in 2010. Except
for 2005, 2015, 2018, 2019, it was present in every year from
1988-2019. Acacia rigidula was first reported in 2016, firstly in
the Netherlands, but later also in Belgium, Austria, France, Malta,
Spain and other European countries, overall 28 records were found
in RASFF (Supplementary Table S5).

Frontiers in Pharmacology | www.frontiersin.org

January 2021 | Volume 11 | Article 611361


http://theplantlist.org/tpl1.1/record/ild-29094
http://theplantlist.org/tpl1.1/record/ild-29094
http://theplantlist.org/tpl1.1/record/ild-518
http://theplantlist.org/tpl1.1/record/ild-596
http://theplantlist.org/tpl1.1/record/tro-2609684
http://theplantlist.org/tpl1.1/record/tro-2609684
http://theplantlist.org/tpl1.1/record/gcc-103425
http://theplantlist.org/tpl1.1/record/gcc-103425
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Koncz et al.

Counterfeit Supplements for Weight Loss

80

70

=N
E)

%
S

w
S

Number of Notifications
IS
S

[
S

o

,llI-IIIIlII|||

2011 2012 2013 2014 2016 2017 2018 2019
Years from 2003 to 2019

2003 2005 2006 2007 2008 2009 2010

mDNP mSibutramine ™ Hoodia gordonii

FIGURE 1 | Notifications on weight loss food supplements in the RASFF (2003-2019).

W Stevia rebaudiana W Acacia rigidula

The ratio of these three reported, natural products with safety
concerns are represented in Supplementary Figure S4. Hoodia
gordonii was present more often, in smaller quantities, with the
highest occurrence of 30 reports in 2017. Stevia rebaudiana has
been reported in almost every year, but the highest number of
reports was only four. The appearance of Acacia rigidula only
started at 2016 and it emerged again in 2017 with 23 records.

DISCUSSION

The aim of our work was to summarize the trends concerning
adulterated food supplements associated with a warning released
by the RASFF between 1988 and 2019, focusing on products with
intended use as slimming agent. RASFF is a platform for
reporting food safety issues within the European Union. When
a RASFF member suspects that a food or feed poses a serious risk
to the people’s health, the member state should notify the
European Commission (EC) via RASFF without any delay. In
cases of withdrawing or recalling products from their market or in
cases when rapid measures are needed, the members are obliged
to notify the EC to help protect peoples’ health.

The increasing number of signals on illegal food supplements
in RASFF reveals that the presence of undeclared ingredients
poses an important public health concern. Illegal supplements
marketed for weight loss were most commonly adulterated with
DNP or sibutramine between 1988 and 2019. The use of former
one may result in quick weight loss, but often causes serious
adverse events (Colman, 2007). Several deaths attributable to
DNP have been published (Cann and Verhulst, 1960). DNP was
detected as an adulterant for the first time in 2003, but the
number of products containing this compound has been
increasing from 2017 through 2019, reported mainly in the
United Kingdom. Sibutramine was reported in several
countries; however, the number of products containing

sibutramine was lower. SCOUT confirmed that sibutramine
(at daily doses ranging from 10 to 15mg) increases the risk
for nonfatal myocardial infarction and nonfatal stroke in patients
with preexisting cardiovascular disease, and have an increased
potential to develop high blood pressure or pulse rate (Sharma
et al., 2009).

It is alarming that the majority of the reported signals were in
connection with unsafe synthetic substances. There have been
increasing number of reports on DNP, and since this substance
can cause serious side effects it is necessary to monitor the use of
DNP more closely in the future.

Out of the most popular food supplements with natural origin
the extracted materials of Hoodia gordonii (Masson) Sweet ex
Decne., Stevia rebaudiana (Bertoni) Bertoni, and Acaciopsis
rigidula (Benth.) Britton and Rose were unauthorized products
registered in RASFF from 1988-2019. Stevia rebaudiana seems to
be the least dangerous component based on the reports of our
review on RASFF. It was reported in small quantity, and for now
became authorized as a novel food according to EC Regulation
EC No. 258/97 (European Commission, 1997). In spite of that it
has been traditionally used for hundreds of years, more scientific
and clinical studies are needed to verify its safety, because it was
represented almost in every year in RASFF from 1988-2019, and
it is very popular among the consumers.

The other two plants (H. gordonii, A. rigidula) are still not
authorized as a novel food and their safety is not scientifically
proven (Roza et al., 2013; Clement et al., 1998).

Despite the fact that H. gordonii is often used as an adulterant,
and advertised for its weight loss promoting effects, there is still
little known about its chemical constituents and their mechanism
of action. Recent research suggests that the use H. gordonii may
cause increased blood pressure and pulse rate (Roza et al., 2013).
Taken into consideration that H. gordonii emerges regularly from
1988, it would be important to monitor food supplements
containing Hoodia.
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A. rigidula is a shrub native to the Southeastern United States,
and it contains several biogenic amines. The plant has been
marked in products promoting weigh loss; however, its effects
are not yet supported by either its traditional usage, since it has
never been used in the traditional medicine, or by research results.
Acacia rigidula occurred in the RASFF portal recently, the
presence of A. rigidula should be monitored closely in weight
loss dietary supplements.

CONCLUSION

As several medications used to manage body weight are no longer
available on the market, because of their serious adverse effects;
there is a clear need for effective products to support weight loss
because currently there are only a few therapeutic options to
address this issue. However, the efficacy of natural ingredients
usually does not meet the customers’ expectations.

Some products (typically sold as food supplements) are
adulterated with synthetic compounds to increase their
efficacy. Adulterated food supplements may cause serious
adverse effects, and their interactions with other medicines are
also unpredictable. Therefore, it is alarming that the number of
signals on adulterated products in RASFF is increasing. As the
food supplement industry continues to grow worldwide, it is
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[T I N

Abstract: Synephrine has been used to promote weight loss; however, its safety and efficacy have not
been fully established. The goals of our study were to give an overview of the safety and efficacy
of p-synephrine, to systematically evaluate its efficacy regarding weight loss and to assess its safety,
focusing on its cardiovascular side effects in a meta-analysis. PubMed, the Cochrane Library, Web of
Science and Embase were searched for relevant studies. Only placebo-controlled, human clinical trials
with synephrine intervention were included in the meta-analysis. The meta-analysis was reported
according to the PRISMA guidelines using the PICOS format and taking into account the CONSORT
recommendations. Altogether, 18 articles were included in the meta-analysis. Both systolic and
diastolic blood pressure (DBP) increased significantly after prolonged use (6.37 mmHg, 95% CI:
1.02-11.72, p = 0.02 and 4.33 mmHg, 95% CI: 0.48-8.18, p = 0.03, respectively). The weight loss in
the synephrine group was non-significant after prolonged treatment, and it did not influence body
composition parameters. Based on the analyzed clinical studies, synephrine tends to raise blood
pressure and heart rate, and there is no evidence that synephrine can facilitate weight loss. Further
studies are needed to confirm evidence of its safety and efficacy.

Keywords: p-synephrine; meta-analysis; obesity; food supplements; weight loss

1. Introduction

The global increase in obesity is strongly connected to modifiable lifestyle factors,
including sedentary lifestyle and diet [1]. Obesity is associated with serious health problems
and related comorbidities [2,3], and even modest weight loss can result in improved systolic
and diastolic blood pressure and blood cholesterol levels [4]. Increased physical activity, a
low-calorie diet and the monitoring of body weight can facilitate weight loss in the long
term [5].

Dietary supplements are easily available alternatives to medicines; however, data
supporting their efficacy are usually scarce, and in some cases, their safety is also ques-
tionable [6]. Because of safety concerns, several Active Pharmaceutical Ingredients (APIs),
that were considered as effective compounds to support weight loss are no longer available
on the market. p-Synephrine, a protoalkaloid extracted from the immature fruit or peel of
bitter orange (Citrus x aurantium L.), is widely used in weight loss and sports performance
products [7], yet its efficacy and safety has not been fully established [8].

Synephrine exists in three different positional isomeric forms (ortho, meta and para) [9]
(Figure 1). It is generally accepted that only para-synephrine (p-synephrine) can be found
in bitter orange fruits [10-12]. Food supplements can contain meta (m)- and p-synephrine,
which are both alpha-adrenergic agonists («x-agonists), while the m-isoform is the most po-
tent on alpha-l-adrenoreceptors («j-adrenergic receptors) [13].  Ortho-synephrine
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(o-synephrine) is not used as a pharmaceutical substance, and its natural occurrence has
not been documented [13,14]. Methyl-synephrine HCl (4-HMP, syn. oxilofrine HCl) is a
prohibited synthetic derivative of p-synephrine and has been reported as an adulterant in
food supplements [15-18].

OH OH OH | OH |

OH
H H
~ HO\©)\/N\ @)\/N\ /@A/N\ ©)\rN\
HO

p-synephrine m-synephrine o-synephrine  methylsynephrine ephedrine

Figure 1. Structures of para-, meta- and ortho-synephrine, methyl-synephrine and ephedrine.

Since the use of ephedrine in food supplements has become prohibited in several
European countries and in the USA, p-synephrine has gained considerable interest as the
main substitute of ephedrine in weight loss products [12,19-21]. Synephrine is similar
to ephedrine with regard to its structure and mechanism of action; however, it is less
lipophilic, resulting in decreased transport through the blood-brain barrier [7,22-24]. The
use of ephedrine is associated with the increased risk of myocardial infarction, hypertension,
and stroke [12,25], but such pronounced effects on the cardiovascular system are not ex-
pected when using p-synephrine. Animal studies have shown that p-synephrine stimulates
beta-adrenoreceptors, causing thermogenesis and lipolysis [7], whereas its cardiovascular
adverse effects are partly due to its x-adrenergic receptor affinity [26]. Although it is
generally acknowledged that p-synephrine has milder side effects than ephedrine, its safety
and efficacy have not yet been thoroughly studied [8,19].

p-Synephrine (hereinafter referred to as synephrine) is used in pre-workout supple-
ments to improve performance and to promote weight loss since it has thermogenic and
sympathomimetic properties [27,28]. Synephrine was added to the Monitoring Program
in Competitions of the World Anti-Doping Agency [29], but it is not yet considered as a
prohibited substance (WADA) in 2022 [30]. However, it is prohibited for use by several
professional sporting agencies (the National Collegiate Athletic Association (NCAA), Major
League Baseball (MLB), and the National Football League (NFL)) [31].

Currently, there is little if any basis for making definitive statements about the safety of
bitter orange extracts or synephrine used in food supplements [9]. Cardiac adverse events,
including hypertension, tachyarrhythmia, variant angina, cardiac arrest, QT prolongation,
ventricular fibrillation, myocardial infarction, and sudden death, have been the most com-
mon adverse effects associated with synephrine intake [27]; however, the prevalence is not
known. The average synephrine content of the dried fruit extracts of Citrus aurantium has
been reported to be between 3% and 6% [9,10,32-34]. The French food safety authority
(ANSES) concluded in its assessment on synephrine [35] that the intake levels of synephrine
from food supplements must remain below 20 mg/day, and it is not recommended to take
synephrine in combination with caffeine. It is also recommended to avoid the use of prod-
ucts containing synephrine during physical exercise, and its use by sensitive individuals
is discouraged (i.e., people taking certain medications, pregnant or breastfeeding women,
children, and adolescents) [35,36]. Because of its known sympathomimetic properties and
adrenergic effects on the cardiovascular system, the use of synephrine in food supplements
is debated [36]. Even though there is no legislation which limits the content of synephrine
and other alkaloids in dietary supplements, based on the Directive 2002/46/EC, each
country is supposed to set a maximum level of synephrine [37,38]. There have been reports
in the RASFF (Rapid Alert System for Food and Feed) about synephrine, because in some
countries, there is a limit regarding its daily dose, and in the reported cases, the products
contained more than the maximum [39] (Table S1, Figure S1).
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2. Materials and Methods
2.1. Literature Search and Selection Criteria

Electronic searches were conducted in the following databases: PubMed, Embase, Web
of Science (WoS), and the Cochrane Library. Each database was searched until 17 August
2022. The searching method included the key term synephrine. This meta-analysis of
eligible peer reviewed studies was reported in accordance with the PRISMA statement and
followed the CONSORT recommendations. Trials were selected if they were (1) human
clinical studies, (2) compared known doses of orally used synephrine with a placebo or
active control or both, and (3) completed. In order to complete this task, the following PICO
(patients, intervention, comparison, outcome) format was applied: P: adults; I: known
dosage of p-synephrine given per os; C: placebo or control; and O: changes in the body
weight, composition, cardiovascular, and metabolic parameters (i.e., heart rate, blood
pressure, body weight, body fat, fat mass, fat-free mass, fasting blood sugar level, and
RER values). Our hypothesis was that synephrine facilitates weight loss and that its use
correlated with cardiovascular adverse effects. This work was registered in PROSPERO
(359626). There were no restrictions regarding the number of included patients or the
minimal or maximal dosing of p-synephrine. The language of the included articles was
restricted to English.

2.2. Data Extraction and Endpoints

As clarified in the PICO, clinical trials involving adults were included in this meta-
analysis. Of these clinical trials, outcomes related to the efficacy and safety of synephrine
were extracted. The study endpoints included those values which were present in at least
three articles and could be compared. Statistical evaluation could modify the finally analyzed
trials/outcomes. The following information from individual studies was extracted: the
first author’s name and publication year; the study design and population; the number of
participants; other medicines in the intervention group; synephrine regimen; and outcomes.

2.3. Quality Evaluations

Two authors (D.K. and D.CS.) performed the literature search. Both authors reviewed
the full-text articles and extracted appropriate data from the publications. The risk of bias
was analyzed by two of the authors (D.CS. and B.T.), using the Cochrane Risk of Bias Tool,
which includes the following domains: random sequence generation, allocation conceal-
ment, the blinding of participants and personnel, the blinding of outcome assessment,
incomplete outcome data, selective reporting and other scores of bias. For each domain,
studies were judged to have a high (red), unclear (yellow), or low (green) risk of bias
(Figure S2 and S3). Disagreements were resolved by consensus. Risk of bias figures were
prepared by using the Review Manager (RevMan) version 5.4.1 software from Cochrane
Training site based in London, UK.

2.4. Statistical Analysis

An outcome was selected for the final analysis if it was reported in at least three
articles; however, further attrition and unique time intervals could modify the analyzed
study number/outcome. The assessment of weighted mean difference (MD) and effect sizes
(ESs) between test and control group values (synephrine vs. control) was performed as a
post—post analysis. A Chi? or Tau? test was used to evaluate the heterogeneity. Deviating
study intervention arms were excluded from the final analysis in case there were other extra
intervention(s) apart from synephrine (mainly caffeine). In the case of heterogenous subjects
based on their caffeine usage, the regular non-caffeine users were selected contrasting to
regular high caffeine users. The statistical analyses were conducted using the Review
Manager 5.4.1 software. The results were considered statistically significant when the
p value was less than 0.05.
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3. Results
3.1. Literature Search

The literature search resulted in the identification of 2435 articles (Figure 2). After
duplicate removal, the screening of 1472 titles and abstracts resulted in the revision of
51 publications which were retrieved for full-text screening (excluded: n = 1421). The
51 full-text articles were assessed for eligibility. After the revision, 21 studies were found to
be appropriate for qualitative analysis (excluded: n = 30). Articles were excluded if they
were not peer reviewed scientific articles (i.e., abstracts or posters) (1 = 2); were clinical trials
but not with synephrine (n = 3); were not human clinical studies (n = 1); when there were
time intervals that were too heterogeneous or did not indicate trial duration (n = 5). Further
studies were excluded if they had missing statistical values (1 = 1) or detailed outcomes
(n = 7), or missing relevant outcomes (n = 4), they were not placebo-controlled trials
(n = 3) or were not clinical studies (1 = 4). Since one study [40] was open-label and in two
studies, the authors did not give the exact dosage of synephrine [41,42], these studies were
not eligible for further quantitative analyses. Therefore, a total of 18 studies involving
341 patients were included in the final quantitative analysis. Penzak et al. conducted a two-
way, crossover, open-label trial and assessed the cardiovascular effect of approx. 13-14 mg
synephrine, which did not significantly alter SBP, DBP, and HR in 12 healthy subjects [40].
Kliszczewicz et al. reported a randomized crossover trial investigating the effects of 100 mg
of Citrus aurantium (CA) powder (with an unknown dosage of synephrine) compared to
caffeine (100 mg) or a placebo. The consumption of Citrus aurantium caused a significant
time-dependent increase in the HR of the test subjects [41]. In another randomized, double-
blind trial, participants consumed 140 mL of a high-energy drink containing unknown
dosages of methyl-synephrine [42]. Based on their results, significantly higher SBP was
observed in the intervention group during the three-hour study period, but no significant
changes were observed in HR or in DBP.

[ Identification of studies via databases and registers ]
—
Records identified from: Records removed before
Databases (n = 2394) screening:
Registers (n =41) Duplicate records removed
(n=963)
)
—
Records screened Records excluded
(n =1472) (n=1421)
(S
—
Reports excluded:
3 Full text article assessed for Not scientific article (poster)
5 eligibility (n = 51) n=2

Not synephrine clinical trial
(n=3)
Not human study (n = 1)

) | Reports included in qualitative |—— Deviating time inerval, not

synthesis (n = 21)

indicating trial duration (n = 5)

Missing statistical values (n =
n

Missing detailed outcome (n =
7
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4)

No placebo control (n = 3)

Not clinical study (n =4)

Included

Reports included in quantitative
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Not known dosages of
synephrine (n =2)

Figure 2. A flow diagram for identification of relevant studies.
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3.1.1. Characteristics of the Trials

The 18 trials included were double-blinded, prospective, parallel or crossover, within-
subjects or counterbalanced studies (Table S2). Seven trials were crossover [43-49]; five had
parallel design [22,50-53]; four had within-subjects [54,55] or other [56,57] designs; and
two were performed in a counterbalanced manner [58,59].

Fourteen trials assessed the acute effects of synephrine [43-49,53-59]. In four trials,
the effect of a longer treatment duration (a range of 4-8 weeks) was assessed [22,50-52].
The daily dosage of synephrine ranged from 6 to 214 mg.

The inclusion criteria of the trials varied from trial to trial. Eight trials only included
physically active subjects [22,45,49,50,52,54,56,59]. In eight trials, healthy, normotensive but
not resistance-trained subjects were involved [43,44,46,48,51,53,55,57]. Four trials included
overweight adults [22,47,52,58]. In several trials, other interventions were also studied, but
these study arms were not included in our analysis [45,50,51,53-56]. Nine trials involved
exercise training [22,45,49,50,52,56-59]. It is important to emphasize that while compar-
ing weight loss and body compositions from the analyzed three articles [22,50,52], all of
these trials included exercise intervention, and two involved dietary restrictions [22,52].
Nine trials did not include exercise intervention [43,44,46-48,51,53-55]. In seven trials,
the main analyzed intervention contained substances other than synephrine (e.g., caf-
feine) [22,44,45,47,50,52,58]. One study [56] claimed that all participants were classified as
low caffeine consumers (<50 mg/day), but in the rest of the trials, the authors did not spec-
ify whether the subjects were regular or non-regular caffeine users. Bush et al. (2018) [54]
and Ratamess et al. (2018) [55] divided groups based on their average caffein consump-
tion. However, the subgroup of regular high caffeine users (>300 mg) was excluded from
our final meta-analysis to make the analyzed groups more homogenous. In seven trials,
participants were requested to limit caffeine consumption [22,49,51,52,56,57,59].

3.1.2. Demography of the Patients

In the 18 trials analyzed, the common inclusion criterion was the age of 18 years or
older, and in every study, the inclusion procedure was in harmony with the Helsinki declara-
tion. In eight cases, pregnant women were excluded [22,43—46,48,51,52], and also, smoking
was an exclusion criterion; only non-smokers participated in nine
trials [43,45,49,50,54-56,58,59]. The age of the analyzed participants was between 18 and
51 years. Participants were healthy, physically active/exercise trained or in fewer cases,
healthy but sedentary and/or overweight. Additionally, more male patients were random-
ized (68.45%). Taking into consideration the crossover design and the within subject design,
341 subjects were analyzed (Table S3).

3.2. Outcomes

The meta-analyzed outcomes were SBP, DBP, HR, weight loss, body fat percentage,
fat mass, fat-free mass, blood glucose, and RER values. In addition, several studies indi-
cated other adverse events, but they were too heterogeneous to be statistically analyzed.
These side effects included complaints of headaches [46], hyperventilation [58], racing HR,
feelings of dizziness, and feelings of irritability or perspiration [55], palpitations, shortness
of breath, nervousness, and blurred vision [50]. Other outcomes were increased VO, up-
take [45], increased energy expenditure [44], increased fat oxidation, reduced carbohydrate
utilization [57,59], and changes in the ratings of perceived exertion [56,59]. However, the
outcomes mentioned above were omitted from the final analysis, since these occurred in
less than three articles or were based on other heterogeneous parameters (time intervals) or
missing detailed outcomes.

3.2.1. Cardiovascular Parameters

Altogether, 11 trials with 222 subjects and six different time sets and heterogeneous
dosages (a range of 10-214 mg) were used to assess the effects of synephrine on blood
pressure. The SBP tended to increase in the synephrine group (Figure 3). It was found
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that 3045 min after the administration of 20-50 mg of synephrine, the mean difference
was 1.21 mmHg (95% CI: —2.57-5.00), which was not significant (p = 0.53) but showed a
greater effect size for synephrine than for the placebo. After 1 h of the administration of
the products containing 49-214 mg of synephrine, the post—post analysis showed a non-
significant increase in the SBP (MD 1.56 mmHg, 95% CI: —1.11-4.24, p = 0.25). Based on five
trials involving 61 subjects, the effect of synephrine (49-180 mg) remained non-significant
(MD 3.89 mmHg, 95% CI: —0.99-8.77, p = 0.12) after 2 h. After 3 h of the administration, only
a slight effect (MD 0.34 mmHg, 95% CI: —2.18-2.87, p = 0.79) on the SBP was observable,
and it seems that the effect diminished after 6-8 h (MD 0.10 mmHg, 95% CI: —3.82-4.02,
p = 0.96; dosage 27-108 mg) of consumption. Based on two trials involving 75 subjects, a
daily dose of 10-49 mg of synephrine had a significant effect on the systolic blood pressure
(MD 6.37 mmHg, 95% CI: 1.02-11.72, p = 0.02) after 8 weeks of administration.
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Figure 3. Forest plot diagram of synephrine on systolic blood pressure acutely (after 30-45 min; 1 h;
2 h; 3 h; and 6-8 h) and long-duration (56-60 days) in intervention and control groups.

The dosages and the included articles were the same in DBP; one difference was that
we left one datum point out by 2 h [49], as the statistical SD value “0” could not have been
estimated. The administration of synephrine (20-214 mg) did not significantly alter the DBP
30-45 min after administration (MD: —0.88 mmHg, 95% CI: —4.45-2.70, p = 0.63); 1 h after
administration (MD: —0.89 mmHg, 95% CI: —2.92-1.13, p = 0.39); 2 h after administration
(MD: 0.48 mmHg 95% CI: —2.22-3.17, p = 0.73) (four articles; 49 subjects; 49-108 mg);



Nutrients 2022, 14, 4019

7 of 15

3 h after administration (MD: 0.40 mmHg 95% CI: —1.83-2.62, p = 0.73); or 6-8 h after
administration (MD: —0.43 mmHg 95% CI: —3.52-2.66, p = 0.78).

Based on two trials involving 75 participants, a significant effect was observed on DBP
after the long-term (8 weeks) usage of 1049 mg of synephrine (MD 4.33 mmHg, 95% CI:
0.48-8.18, p = 0.03) (Figure 4).
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Figure 4. Forest plot diagram of synephrine on diastolic blood pressure acutely (after 3045 min; 1 h;
2 h; 3 h; and 6-8 h) and long duration (56-60 days) in intervention and control groups.

Overall, nine trials involving 129 persons with six different time durations and varying
dosages of synephrine (range 20-214 mg) studied the effects of synephrine on heart rate.
Significant differences between synephrine and the placebo were not reported; however,
the heart rate slightly increased after 30 min—6 h from consumption in the synephrine
group (Figure 5). It was found that 30-45 min after synephrine consumption (20-50 mg),
the mean difference in heart rate was 3.15 beat/min (95% CI: —0.41-6.71, p = 0.08); and
it was 1.11 beat/min (95% CI: —1.32-3.53, p = 0.37) 1 h after the consumption of varying
doses (49-214 mg) of synephrine. After 2 h of the ingestion of 49-180 mg of synephrine, a
non-significant rise in the heart rate was observed (MD 3.15 beat/min, 95% CI: —0.65-6.96,
p = 0.10).
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Figure 5. Forest plot diagram of synephrine on heart rate acutely (after 30-45 min; 1 h;2h; 3h; 4 h;
and 6 h) in intervention and control groups.

Based on four trials involving 43 subjects, 3 h after the consumption of 60-180 mg
of synephrine, the synephrine-adjusted increase in heart rate was 3.48 beat/min (95% CI:
—0.33-7.29, p = 0.07). The effects observed after 4 h (MD 3.25 beat/min, 95% CI: —2.86-9.35,
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p = 0.30) and after 6 h (MD 2.84 beat/min, 95% CI: —2.80-8.48, p = 0.32; range 49-108 mg)
remained non-significant based on the articles involving these time points.

3.2.2. Weight Loss and Body Composition

The effect of synephrine on weight loss was analyzed in three trials [22,50,52]. The
trials lasted for several weeks (42-56 days or 6-8 weeks), and the daily dose of synephrine
was 54 mg, 20 mg, and 10 (5 X 2) mg, respectively. Based on our meta-analysis, its effect on
weight loss was non-significant (MD 0.60 kg, 95% CI: —5.62-6.83, p = 0.85) (Figure 6A). The
consumption of synephrine only resulted in a slight decrease in body fat (—1.87%, 95% CI;
—3.92-0.18, p = 0.07), and the effect was not statistically different from that of the placebo
(Figure 6B).

Synephrine Control Mean Difference Mean Difference
Study or Subgroup ___ Mean _SD_Total Mean SD Total Weight _IV, Fixed, 95% CI IV, Fixed, 95% C1
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Colker_42days 1993 835 16 9 827 18 7 135% 680[10.14,2374) 1T Kalman_56days 2000 2053 3N 12 2258 46 13 450% -205F5.11,1.01) L
Jung_S6days20176 818 173 26 821 14 27 537% -030[879,819) -
Kalman_56days 2000 7474 14 12 7521 137 13 328% -0.47[11.34,10.40] - Total (95% CI) 47 47 100.0% -1.87[-3.92,0.18] L
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Figure 6. Forest plot diagram of synephrine on weight and body composition from (6-8 weeks) 42-56 days
in intervention and control groups: (A) weight, (B) body fat, (C) fat mass, and (D) fat-free mass.

The administration of synephrine (20 or 54 mg) did not result in significant changes
in fat mass. The mean difference was —0.32 kg (95% CI: —3.76-3.11, p = 0.85) (Figure 6C).
A low dosage of synephrine (10 and 20 mg) did not significantly change the fat-free mass
based on the included trials (MD 0.47 kg, 95% CI: —4.19-5.13, p = 0.84) (Figure 6D).

3.2.3. Other Outcomes

Based on the included trials, blood glucose values were not changed significantly after
the administration of 6-103 mg of synephrine. Blood glucose levels changed slightly but
not significantly after 2-3 h of the consumption of synephrine (MD 4.62 mg/dL, 95% CI:
—3.04-12.29, p = 0.24) with moderate heterogeneity (TAU? = 30.32%) (Figures 7 and S4). In
the head-to-head studies, the effect of synephrine on blood and plasma glucose [45,54,58]
was also not significant.

Synephrine Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Bush_3hr 2018 475 445 g 46 148.3 8 246% 1.50[9.55 12.55] -
Jung_2hr 2017a 1138 18 25 1015 144 25 321% 12.30[4.15, 20.45] —
Sale_3hr 2006 90.2 41 10 895 58 10 43.3% 070 [3.70,5.10]
Total (95% CI) 43 43 100.0% 4.62[-3.04, 12.29]
Heterogeneity: Tau®= 30.32; Chi*=6.12, df= 2 (P = 0.08); F= 67% 5_1 00 -SHEI D SID 1DU=

Test for overall effect. Z=1.18 (P=0.24)

Control Synephrine
Figure 7. Forest plot diagram of synephrine acutely on blood glucose in intervention and control groups.

The acute effects of synephrine (6-60 mg) on the respiratory exchange ratio (RER)
were studied in three trials [44,47,58]. The effect of synephrine was not significant after
1, nor after 2, nor after 3 h of administration. After 1 h of consumption, there was no
difference (the mean difference was 0.00 (95% CI: —0.03-0.03, p = 0.91)), strengthened by a
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non-classical leave-one-out analysis. After 2 h, synephrine resulted in a —0.02 difference
(95% CI: —0.12-0.09, p = 0.75), and after 3 h, synephrine resulted in a —0.02 difference (95%
CIL: —0.12-0.08, p = 0.73) (Figure S5).

3.3. Risk of Bias

Overall, the methodical quality of the trials included in our final quantitative analysis
was reckoned to be acceptable, mostly with low or unclear risks of bias (Figures 52 and S3).

The random sequence generation was described in three studies [43,48,49], and the
measures taken to ensure allocation concealment were given in eight trials [43,45,49,50,
54,55,57,59]; therefore, the selection bias (i.e., random sequence generation or allocation
concealment) in these studies was judged to be low. On the other hand, Sale et al. [58]
failed to mention whether their study was randomized or not; therefore, it had a high risk
of selection bias. In the remaining studies, the information to judge the selection bias was
not available; therefore, these studies were reckoned to have unclear risks of selection bias.

Regarding to the performance bias, four studies [43,49,50,59] were judged to have low
risks of bias, but in the case of 14 studies, it was not clear whether the treatment and the
comparator were identical in size, shape, color, and odor, and who was blinded and until
when was not clearly described; therefore, these studies were judged to have unclear risks
of performance bias. Four studies had low risks of detection bias [43,46,56,57], but in the
other 14 studies, it remained unclear whether the results were assessed in a blinded manner
or not.

All the included studies showed low risks of attrition and reporting biases. Five
studies had unclear risks of bias, since all of these studies were at least partly founded by
pharmaceutical companies related to the studied products, but their influence on the study
design, performance, and report are not clearly stated [48,53-55,58].

4. Discussion

Overall, 18 trials involving 341 adults were analyzed to perform this meta-analysis.
Different sets depending on each outcome were applied to assess the weight loss effects
of synephrine and to establish its safety based on its effects on cardiovascular variables.
Based on the literature, the commonly used doses of p-synephrine vary from 25 to 100 mg
per day [16,60,61], while our analysis included 6-214 mg of synephrine. Based on our
meta-analysis, synephrine did not significantly increase systolic blood pressure acutely,
but it significantly increased in the long term (p = 0.02) (Figure 3). It had less significant
acute effects on diastolic blood pressure and showed similarly significant effects when
applied for longer durations (8 weeks) (p = 0.03) (Figure 4). After the acute administra-
tion of synephrine, the heart rate increased, but the change remained non-significant; the
highest increase was measured 3 h after consumption (p = 0.07) (Figure 5). Our analy-
sis led to the conclusion that the prolonged use of synephrine did not result in signifi-
cant alterations in body weight and composition (Figure 6). Based on the analyzed data,
the acute administration of synephrine did not change blood glucose and RER values
(Figures 7 and S5).

Synephrine’s impacts on cardiovascular health can be predicted by looking at its effects
on cardiovascular variables. Since the use of ephedrine is associated with the increased
risk of cardiovascular morbidity and mortality, a similarly effective but safe alternative
would be greatly appreciated [9,62]. The dosage used during weight loss analysis was
10-54 mg daily for 42-56 days, which nearly coincides with the dosage that resulted
in cardiovascular adverse events (increased blood pressure) after 56-60 days after the
administration of 1049 mg of synephrine. Based on our results, the use of synephrine does
not lack cardiovascular side effects; therefore, it may not be a safe alternative to ephedrine
for those with predisposing comorbidities.

p-Synephrine-containing products are marketed for those aiming for higher energy
utilization during low- to moderate-intensity exercise [8]. However, it is not yet proven that
bitter orange or synephrine consumption can reduce body fat or promote weight loss [8].
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Based on our meta-analysis, the prolonged use of synephrine does not result in significant
weight loss (p = 0.85). A mean difference of 0.6 kg was observed in a total of 94 subjects
(47 subjects/intervention with a daily dose of 10-54 mg of synephrine). Synephrine was
ineffective in influencing body fat (—1.87%, n = 94, p = 0.07), fat mass (—0.32 kg, n = 69,
p = 0.85), and fat-free mass (—0.47 kg, n =78, p = 0.84).

Some results suggest that p-synephrine has the potential to maintain blood glucose lev-
els by stimulating the uptake of excess blood glucose via insulin-dependent or -independent
mechanisms in skeletal muscles [63]. Maintaining optimal blood glucose values would be
beneficial, suggesting greater hepatic glucose release, which would be favorable during
exercise [45,64]. Based on our results, consuming synephrine did not alter blood glucose
levels significantly (p = 0.24), and blood glucose maintenance was not affected by the
consumption of 6-103 mg of synephrine.

Higher RER values indicate that carbohydrates are being predominantly used as fuel,
and lower RER values suggest lipid oxidation [65,66]. Physically active and trained subjects
exhibit lower RER values than untrained sedentary subjects in response to comparable
workloads [67-69]. Our analysis included three articles with 33 analyzed subjects overall.
In these trials, the effects of synephrine were assessed after 1 h of consumption. After
2-3 h of consumption, data from only 20 subjects were available. Our results suggest that
the consumption of 6-103 mg of synephrine does not modify RER values significantly.
RER value changes in the studies were presumably related to caffeine, and all three of the
analyzed trials administered a supplement which had additional caffeine in it [47].

The strengths of this systematic review with meta-analysis are that only data from
published peer-reviewed articles were used, and all the included trials were double-blind
trials. However, there are several limitations to the analysis. First, the studied prod-
ucts were different and contained varying doses (6-214 mg) of synephrine with different
isometric forms. One study included both m- and p-synephrine [46], and one study ex-
amined the effects of methyl-synephrine HCI [44]. Only six studies included isolated
p-synephrine [53-57,59]. In the remaining ten studies, the applied products (such as bitter
orange extract) contained standardized synephrine [43,48,49] or were mixed with other
substances [22,44,45,47,50,52,58]. The main limitation of the study was high attrition, and
only a few studies assessed the same outcomes, resulting in relatively small plots. There
were no mentions of the the subjects” ethnicities, which weakens the results, as it is not
clear if the groups were diverse enough in this regard. On the other hand, subjects showed
a high variety of traits regarding physical activity and age, and more males were analyzed.
Some trials included an exercise intervention, which made the data more heterogonous.
Previously, Stohs et al. performed a detailed systematic review of synephrine, but there
was no meta-analysis on this topic with statistical evaluations; only a literature review was
performed [70]. The only available meta-analysis examined oral phenylephrine on nasal
airway resistance in patients with nasal congestion, which did not examine p-synephrine
and did not analyze its weight loss effects [71].

5. Conclusions

After the ban of Ephedra sinica by the FDA in 2004, there was a clear need for an
alternative weight loss supplement with favorable safety profile [12,25]. Synephrine was
widely used to promote weight loss, and it is often considered as a safe and effective option,
but its safety and efficacy is yet to be studied. When applying synephrine, it should be
taken into account that it also has sympathomimetic effects, so it may also increase systolic
blood pressure, diastolic blood pressure, and heart rate. Consequently, it may also increase
the risk for stroke and myocardial infarction and therefore harm the consumers’ health.
Hence, the hemodynamic effects of bitter orange and p-synephrine must be established,
but unfortunately, studies related to synephrine-induced cardiotoxicity are scarce [27,43].

p-Synephrine showed a tendency to increase systolic blood pressure and heart rate
acutely, and it significantly increased both systolic and diastolic blood pressure when
applied for longer durations. Therefore, our meta-analysis revealed safety concerns related
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to the use of synephrine. The beneficial effects of synephrine were rather inconclusive. In
our meta-analysis, it did not promote weight loss, and neither did it cause beneficial effects
on body composition. The overall effects on glucose and RER values were not proved to
be favorable. The currently available evidence indicates that synephrine influences blood
pressure and heart rate but has no significant effects on weight loss and body composition;
therefore, its use is not recommended to promote health. Considering the limitations, it
is concluded that further and larger trials are needed to assess the efficacy and safety of
synephrine with a lower risk of bias.
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Abbreviations

ANSES The French Agency for Food, Environmental and Occupational Health & Safety
BP Blood pressure

CA Citrus aurantium

CI Confidence interval

DBP Diastolic blood pressure

HCL Hydrochloride

HR Heart rate

E Epinephrine

EC European Commission

EE Energy expenditure

EU European Union

FDA U.S. Food and Drug Administration
MD Mean difference

NA Noradrenaline

NE Norepinephrine

NK Not known

mmHg Millimeters of mercury

m-synephrine  Meta-synephrine (phenylephrine)
p-synephrine Para-synephrine
Measurement made on electrocardiogram. It is calculated as the time

Qr from the start of the Q wave to the end of the T wave.
RASFF Rapid Alert System for Food and Feed

RCT Randomized clinical trial

RER Respiratory exchange ratio

SBP Systolic blood pressure

SD Standard deviation

vO2 Oxygen consumption

4-HMP Methyl-synephrine HCI, oxiflorine
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