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Abstract: Dietary supplements for weight management include myriad ingredients with thermogenic,
lipotropic, satiety, and other metabolic effects. Recently, the safety of this product category has been
questioned. In this review, we summarize the safety evidence as well as relevant clinical findings
on weight management and metabolic effects of six representative dietary supplement ingredients:
caffeine, green tea extract (GTE), green coffee bean extract (GCBE), choline, glucomannan, and capsai-
cinoids and capsinoids. Of these, caffeine, GTE (specifically epigallocatechin gallate [EGCG]), and
choline have recommended intake limits, which appear not to be exceeded when used according to
manufacturers’ instructions. Serious adverse events from supplements with these ingredients are rare
and typically involve unusually high intakes. As with any dietary component, the potential for gas-
trointestinal intolerance, as well as possible interactions with concomitant medications/supplements
exist, and the health status of the consumer should be considered when consuming these components.
Most of the ingredients reviewed also improved markers of metabolic health, such as glucose, lipids,
and blood pressure, although the data are limited for some. In summary, weight management sup-
plements containing caffeine, GTE, GCBE, choline, glucomannan, and capsaicinoids and capsinoids
are generally safe when taken as directed and demonstrate metabolic health benefits for overweight
and obese people.
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1. Introduction

Obesity is a global epidemic that is associated with a higher risk of a multiplicity
of devastating diseases, including type 2 diabetes mellitus (T2DM) and cardiovascular
disease (CVD), among others [1]. The etiology of obesity is complicated, multifactorial, and
involves the dysregulation of the body’s energy balance system, mediated by a complex
interplay between neural, hormonal, and metabolic pathways, sedentary lifestyle, genetic
predisposition, and excess calorie consumption [1,2]. Modest weight loss is considered ben-
eficial to people with overweight/obesity due to its impact on disease risk reduction [3-5].
However, successful weight management, which includes not only weight loss but also
weight loss maintenance (i.e., limiting weight regain), is challenging [5]. Calorie restriction
and increased physical activity are the cornerstones of traditional weight management
programs, but often do not lead to significant, sustained weight loss alone [6,7]. Dietary
supplements, particularly those with thermogenic, lipotropic, or satiety properties, are used
by many consumers to support dietary and lifestyle programs for weight management.
Caffeine and green tea extract (GTE) are commonly used supplements with purported
thermogenic properties. Choline and glucomannan represent supplements with expected
lipotropic and satiety effects, respectively. Green coffee bean extract (GCBE) and cap-
saicinoids and capsinoids are newer to the market and becoming popular for weight
management support.
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In the U.S,, dietary supplements are regulated by the Food and Drug Administration
(FDA); however, despite the existence of federal regulatory oversight, the safety of dietary
supplement products targeted for weight management support has been questioned [8].
The FDA defines dietary supplements as products taken orally that contain dietary ingre-
dient(s) intended to supplement the diet, but not intended to treat, diagnose, mitigate,
prevent, or cure diseases [9]. Specifically, these products may make structure and/or func-
tion claims associated with a disclaimer stating the claims have not been reviewed by the
FDA, although manufacturers are required to maintain supporting evidence [9]. Dietary
supplements are also required by the FDA to be manufactured under Good Manufactur-
ing Practices, with mandatory reporting of serious adverse events and FDA notification
prior to marketing a new dietary ingredient (NDI), and manufacturers are prohibited from
marketing supplements with unsafe ingredients [10].

Given the continued high interest in strategies for successful weight management
through diet and lifestyle approaches, as well as recent questions on the safety of products
in the dietary supplement weight management category, this review has identified six
commonly used components that represent the breadth of the category. The safety evidence
for each ingredient is reviewed, and the status of the clinical evidence on the weight
management and relevant clinical health benefits are summarized. Given the large body of
research for some of these ingredients, this review includes the highest quality evidence,
focusing primarily on reports from authoritative sources and published systematic reviews
and meta-analyses.

2. Evidence Standards

Over the past several decades, much work has been directed on basing health and
nutrition policy and recommendations on scientific evidence over expert opinions. Reports
from authoritative bodies and government agencies that provide transparency on the scien-
tific evidence review process are among the highest form of evidence for regulatory and
policy applications. Within the biomedical sciences, systematic reviews and meta-analyses
following established standards, such as PRISMA and MOOSE, and those published in
peer-reviewed journals are critical resources [11,12]. The quality of the research studies
included in these reviews is an important factor as well, and randomized clinical trials
are the preferred evidence for establishing cause-and-effect relationships [13,14]. Other
evidence, such as observational studies, can help define questions for further investigation,
but because these studies are not randomized and often confounded, they may not be
considered conclusive [13].

In addition, it is important that the science is assessed not only for quality but also for
relevance to the key questions. For example, key aspects that authoritative bodies consider
when selecting and assessing whether the evidence for decision-making is relevant gener-
ally follow the population, intervention, comparator, and outcome (PICO) approach [13,15].
In particular, the intervention tested and comparator control should be relevant and practi-
cal. Specifically, the form of delivery (supplement vs. food) and intake level (e.g., testing
in the range of a typical product) are important to consider when translating science for
decision-making [15].

For this review, authoritative sources were searched for evidence, including the U.S.
FDA, the European Food Safety Authority (EFSA), Health Canada, the National Academies
of Sciences and Medicine (NASEM, formerly the Institute of Medicine (IOM)), the National
Institutes of Health’s Office of Dietary Supplements (ODS), and the most recent U.S. Dietary
Guidelines for Americans (DGA) 2020-2025. Discussion of individual clinical trial evidence
is included when more recent studies were available and/or no authoritative sources were
found. In addition, to provide context around the recommended amounts of the ingredients
in products provided to consumers, the Mintel Global New Products Database [16], which
monitors worldwide product innovation and new product activity in consumer-packaged
goods markets, with data going back to 1996, was searched for products with weight
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management claims (e.g., slimming, weight and muscle gain) having one or more of the
ingredients of interest.

3. Caffeine

Caffeine (1,3,7-trimethylxanthine) is one of the most frequently consumed dietary
bioactive substances across the globe, is known as a central nervous system stimulant, and
is also proposed to increase thermogenesis and fat oxidation [17,18]. Most caffeine intake is
from beverage sources, including brewed coffee (56-100 mg caffeine /100 mL), instant coffee
and tea (20-73 mg caffeine /100 mL), and cola soft drinks (9-19 mg caffeine/100 mL) [18].
Caffeine is generally recognized as safe (GRAS) for use in cola-type beverages by the
FDA [19]. As a supplement, the ODS identifies sources of added caffeine as guarana, kola
nut, yerba maté, and other herbs [17]. A search of the Mintel GNPD found 579 caffeine-
containing supplements with weight management claims whereby 164 listed the caffeine
content. Of these, 93% recommended intake levels of <400 mg/day, with the remaining 7%
recommending 400 to 420 mg caffeine/day.

Various studies on caffeine intake have been conducted, generally addressing beverage
sources. In a summary of data from 18 nationally representative sources, the average
caffeine consumption was found to be 23.7 mg/day, 36.6 mg/day, and 83.2 mg/day
for infants, children, and adolescents, respectively, compared to 122.1-225.5 mg/day for
adults [20]. These authors reported energy drinks contributed little to total caffeine intake
across all groups. Specific to the U.S., examination of the 2001-2010 NHANES data showed
an average daily intake of 186 mg (90th percentile, 436 mg/day) by adults from foods and
beverages, including energy drinks [21]. In another study using data from the 2013-2016
NHANES, those aged 1-80 years who consume caffeine (>1 mg/d) had a mean intake
of 195 mg/day, with 14% of those 30-80 years old and only 4.1% of those 13-29 years
old having intakes >400 mg caffeine/day [22]. Overall, the consumption of caffeine has
remained relatively stable over the past >15 years, with coffee consumers, regardless of
age, being the most likely to have higher intakes. Consumption of caffeine by children is
generally reported below 2.5 mg/kg/day, with the U.S. having the highest intake (average
of 14 mg/day or 0.82 mg/kg/day) [20].

3.1. Caffeine Safety

The safety of caffeine has been the focus of many federal agencies and scientific and
non-governmental organizations over the past several decades. In 2003, Health Canada
conducted a comprehensive review concluding that an intake of <400 mg caffeine/day
was not associated with adverse effects in healthy adults [18]. Additionally, Health Canada
concluded that the consumption of <300 mg/day for pregnant or lactating women as well
as those planning to become pregnant, and 2.5 mg/kg/day for children is not associated
with adverse effects. Similarly, the EFSA has also indicated that <400 mg caffeine/day does
not lead to safety concerns for non-pregnant adults, but identified a limit of 200 mg/day
for pregnant women [23]. In 2017, an updated extensive systematic review also found
consumption of <400 mg/day in healthy adults is not associated with overt, adverse
cardiovascular, behavioral, reproductive, and developmental effects, acute effects, or bone
status [24]. Additionally, the review found that the consumption of <300 mg caffeine/day
in healthy pregnant women is generally not associated with adverse reproductive and
developmental effects [24]. Limited new data were identified for children (3-12 years old)
and adolescents (12-19 years old), and the authors indicated that “there is no evidence to
suggest a need for a change from the recommendation of 2.5 mg/kg caffeine/day” [24].

The DGA 2020-2025 addressed caffeine intake and, noting that the FDA has identified
<400 mg/day of caffeine as the amount not generally associated with dangerous, negative
effects, and indicated that caffeine can be consumed <400 mg/day [19]. The DGA also
reviewed the evidence of caffeine consumption by pregnant and lactating women. Small
amounts of caffeine can pass from the mother to the infant through breast milk, but a
review of the evidence indicated that consumption of <300 mg/day (equivalent to about
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2-3 cups of coffee) by the mother does not adversely affect the infant [19]. No safe limits
have been established for children aged 2 years or younger.

When used according to the manufacturer’s instructions, most weight management
supplements provide caffeine within the recommended amount of <400 mg caffeine/day.
However, concern has been raised over the consumption of caffeine at higher intake
levels. Acute intake of caffeine > 500 mg/day potentially results in various untoward
events such as headache, jitteriness, agitation, anxiety, dizziness, and tinnitus [17,24].
In a review of safety data, the FDA has noted that caffeine metabolism is slowed after
consumption of >500 mg, with adverse effects, such as tachycardia, ventricular arrhythmia,
and seizures, at consumptions > 1200 mg [25]. Responses are variable and likely depend on
individual sensitivity to caffeine, the existence of co-morbidities, and intake of concomitant
medications or supplements [24].

Fatality due to caffeine poisoning is rare, and caffeine’s lethal dose is unclear. Reviews
by Health Canada, ILSI, and FDA have concluded that there is a potential for death fol-
lowing acute exposures of ~10 g of caffeine for adults and adolescents [18,24,25]. However,
due primarily to uncertainty in the estimates of exposure and the high risk of bias (e.g.,
use of case reports), there is low confidence in this evidence base. The FDA has recog-
nized that pure or highly concentrated powdered and liquid caffeine has the potential to
deliver higher amounts and thus has moved to restrict the sale of these highly concentrated
items [25]. Consuming 10 g of caffeine from supplements would require ~25-26 servings
of the most highly concentrated supplements, and not surprisingly, most case reports of
caffeine-induced fatalities have been associated with suicide or abuse [25,26]. Very few
reports of fatal caffeine poisoning in children are published [26].

3.2. Caffeine and Weight Management

Caffeine has been used as an approach in weight management because of its ability
to stimulate both noradrenaline and dopamine secretions, which, in turn, may decrease
BW and body fat (BF), as well as increase thermogenesis in brown adipose tissue via
an unknown mechanism(s) [27]. A meta-analysis of 13 studies providing 60-4000 mg
caffeine/day for 4-36 weeks showed that caffeine intake led to a reduction in BW, BF,
and body mass index (BMI), and that this effect is dose-dependent [28]. However, all but
three of the 13 included studies provided caffeine with other substances with potential
weight loss properties. Of the three with only caffeine, one study in normal weight
and one in overweight/obese subjects reported modest weight loss, whereas another
in overweight/obese subjects did not. Taken together, there may be a modest effect of
caffeine on weight management, but more clinical evidence with caffeine alone is needed
for confirmation.

3.3. Caffeine and Metabolic Health

Observational evidence suggests that caffeine may be protective against T2DM [29], [30],
which has led to further investigations in this area, but results from clinical studies have
been mixed. A meta-analysis of seven randomized clinical trials with primarily male
normal weight participants consuming caffeine from 3-6 mg/kg [31], and a trial with
healthy men and women [32] found significantly decreased insulin sensitivity indexes
compared with a placebo, suggesting caffeine might possess a hyperglycemic activity by
acutely impairing insulin action in adipose and muscle tissue. The hyperglycemic impact
of caffeine may also extend to adolescents [33]; however, more research is needed on the
long-term effect of caffeine consumption on glycemic status [29].

3.4. Caffeine Summary

Caffeine has been extensively researched and various reviews on caffeine safety, includ-
ing from regulatory and authoritative sources, indicate that consumption of <400 mg/day
for adults is safe with minimal risk of adverse events. The majority of supplements
providing caffeine are within the recommended amount of <400 mg caffeine/day. Recom-
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mendations also indicate that pregnant and lactating women can safely consume <300 mg
caffeine/day. Current evidence supports a beneficial effect of acute caffeine consumption
on cognition, particularly on attention [34], as well as a benefit on exercise performance [35].
The evidence on the effect of caffeine on weight management is mixed, with some data
suggesting caffeine might have benefits in supporting healthy blood glucose levels. Overall,
as noted by the U.S. FDA “When formulated and marketed appropriately, caffeine can be
an ingredient in a dietary supplement that does not present a significant or unreasonable
risk of illness or injury” [25].

4. Green Tea Extract (GTE)

Green tea (Camellia sinensis) is one of the most popular beverages globally. Due to
the association of its consumption with a wide range of health benefits, supplements
formulated with GTE are of interest for a wide range of health benefits including as an
antioxidant [36,37]. Extracted from green tea, GTE powder delivers polyphenols, which
include flavonoids (45-90%) and caffeine (0.4-10%) at concentrations that vary for different
extracts [38]. In all GTE powders, the major flavonoids are catechins, with the domi-
nant four being epicatechin, epigallocatechin, epicatechin-3-gallate, and epigallocatechin-
3-gallate (EGCG) [38]. A review of the Mintel GNPD indicates products with GTE or
EGCG, when consumed under the manufacturers’ recommended servings ranged from
100-1200 mg/day and 27-350 mg/day, respectively. Some of these products also deliver
20-400 mg/day of caffeine.

In most populations, a major source of dietary catechins is green tea infusions, which
deliver an average of 0.7 mg EGCG/g of brewed green tea (~178 mg/8.5 fl oz) [39]. EFSA
assessed the amount of EGCG delivered in green tea infusions and found a wide range,
from 2.3 to 203 mg/100 g (~3.3 fl 0z) infusion [39]. In the U.S., adults consume an average
of 219 mg/day of flavonoids (~34% catechins), with tea drinkers consuming 610 mg/day
flavonoids (data from NHANES 2011-2016) [40]. The EFSA panel has estimated an average
EGCQG intake from green tea of 90-300 mg/day, with the largest tea users consuming up to
856 mg EGCG/day [39]. EFSA also found average intakes of ECGC of 11.66-87.96 mg/day
among children (3-9 years old) and 68.16-232.03 mg/day among adolescents (10-17 years
old) based on food consumption surveys from various countries in Europe [39].

4.1. Green Tea Extract (GTE) Safety

The consumption of green tea infusions has traditionally been considered safe, even
at levels of >5 cups/day. However, concerns have been raised regarding a link between
GTE and liver function; therefore, extensive safety reviews have been conducted. In a 2017
review, Health Canada concluded that there might be a link between the use of GTE and
the risk of hepatotoxicity and thus requires a cautionary statement on GTE products and
limits their sale to adults [41]. EFSA published a review in 2017 and concluded that there
is evidence from interventional clinical studies that intake of doses >800 mg EGCG/day
induced a significant increase in serum transaminases (a marker of liver injury) in treated
subjects compared to control [39].

Hu et al. conducted a comprehensive systematic review on the safety of various green
tea preparations and proposed a safe intake limit of 338 mg EGCG/day for healthy adults
(in a fed or fasted condition) delivered in solid dosage form based on no-observed-adverse-
effect level (NOAEL) of 676 mg EGCG/day established from clinical evidence [42]. Yates
et al. proposed a tolerable upper intake level (UL) of 300 mg/day of purified EGCG, based
on human data in healthy adults in a fed state, and an acceptable daily intake (ADI) of
4.6 mg/kg/day, derived from animal toxicity data [43]. Dekant et al. also proposed a UL
of 300 mg EGCG/day for food supplements based on clinical evidence indicating that
liver effects were not observed after intakes <600 mg EGCG/person/day and animal
toxicity studies [44]. In 2020, the USP Dietary Supplement Information Expert Committee
reviewed case reports, animal data, and human clinical data and concluded the risk of
hepatotoxicity due to GTE can be serious, but variable, stating that GTE rarely leads to
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severe hepatotoxicity in humans and its manifestation is dependent on the concentration of
catechins, the bolus dose, fasting condition as well as genetic susceptibility, idiosyncrasy,
and/or underlying liver health [45].

Clinical studies with beverages fortified with GTE at intakes up to 498.6 mg EGCG/
person/day and durations of up to 1 year (median 12 weeks) have been published and
do not show evidence of hepatotoxicity [44]. Of 15 clinical studies on GTE-containing
beverages (100-704 mg EGCG/day; 1-24 weeks) reporting adverse events identified by
Hu et al. [42], only five reported GI adverse events (i.e., abdominal pain and discomfort,
diarrhea, and dyspepsia/indigestion) following consumption of green tea beverage and
none reported liver-related adverse events. Additionally, safety recommendations for GTE
are only for adults due to the limited data on children and adolescents. Limited data are
available on children. In their systematic review, Hu et al. only found one study in children
that assessed adverse events [42]. A clinical trial in obese Japanese children (6-16 years old;
BMI > 28 kg/m?) consuming 576 mg catechins (30 mg EGCG)/day for 24 weeks reported
no safety concerns [46].

4.2. Green Tea Extract (GTE) and Weight Management

The weight management potential of green tea has been postulated to be associated
with multiple mechanisms of action, e.g., appetite control, inhibition of adipogenesis, in-
crease in energy expenditure, and modulation of substrate oxidation [47—49]. The efficacy
of green tea or GTE has been extensively researched, and for the most part, the results are
favorable. A meta-analysis was published with 11 studies in T2DM patients, in which 10
used GTE and one used brewed green tea at amounts ranging from 400-10,000 mg/day
and durations from 8-12 weeks [50]. Significant effects were reported (pooled weighted
mean difference compared to control) for BW (—0.40 kg; 95% CI, —0.64 to —0.16; p = 0.001),
BMI (—0.05; 95% CI, —0.10 to —0.00; p = 0.046), and BF (—0.56%; 95% CI, —0.73 to +0.38;
p <0.001), but not WC [50]. The results of another meta-analysis of 22 studies, which in-
cluded many of the same studies of T2DM subjects, as well as additional results from studies
in subjects described as overweight/obese, menopausal, and other conditions, also showed
that GTE significantly decreased BW, BMI, and waist circumference (WC) [51]. Since caf-
feine in green tea or GTE may contribute to weight loss, a meta-analysis was conducted on
15 studies comparing green tea/GTE from 583-714 mg/day with caffeine-matched controls.
The combination of green tea/GTE and caffeine led to an additional decrease in BW, BMI,
and WC compared to caffeine alone over a median of 12 weeks [52]. Green tea/GTE inter-
ventions do not appear to affect obesity hormones, leptin, and adiponectin, probably due to
the modest reduction in BF [53,54]. Moreover, a meta-analysis of green tea or GTE supple-
mentation of four clinical studies with subjects having non-alcoholic fatty liver (NAFLD)
reported a decrease in BMI of —2.08 kg/ m? (95% CI, —2.81 to —1.36) [55]. Thus, the current
evidence supports the addition of GTE to lifestyle regimens for weight management.

4.3. Green Tea Extract (GTE) and Metabolic Health

GTE constituents can be beneficial for cardiometabolic health. The reduction in fast-
ing blood glucose (FBG) following green tea/GTE has been supported by several meta-
analyses, although the effective dose and supplementation duration are unclear [56-61]. A
meta-analysis of 22 studies showed that green tea catechins with or without caffeine for
>12 weeks significantly reduced FBG but did not affect insulin, HbAlc, and homeostasis
model assessment-estimated insulin resistance (HOMA-IR) independent of dose [56]. An-
other meta-analysis of 17 studies showed that green tea/GTE significantly reduced FBG
and HbAlc, especially at >457 mg/day, regardless of supplementation duration [57]. A
more recent meta-analysis with 27 studies showed that green tea/GTE with catechin doses
>500 mg/day for <12 weeks significantly lowered FBG [60]. However, the benefits on FBG
appear not to extend to people at increased risk for diabetes or with the disease based on
the results of three other meta-analysis studies [58,59,61]. These meta-analyses included
subjects who were overweight/obese, normo-weight, and at risk due to other metabolic
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factors. Mechanisms of action of green tea catechins on glucose regulation include reducing
intestinal carbohydrate digestion and absorption, inhibiting hepatic gluconeogenesis, and
sensitizing insulin action [60].

Meta-analyses have shown that green tea/GTE reduces total cholesterol (TC) and
LDL cholesterol (LDL-C) but not HDL cholesterol (HDL-C) in both normo-weight and
overweight/obese subjects [62-65]. The green tea/GTE amount included in these studies
ranged from 80-3000 mg catechins/day, and the reduction in TC and LDL-C appears to be
independent of dose or duration. In contrast, one meta-analysis showed that GTE improved
blood triglycerides (TG) but not blood cholesterol in patients with T2DM when provided
at >800 mg/day for >8 weeks [66]. Additionally, the positive effect on TC, LDL-C, and
TG was noted in the meta-analysis with patients with NAFLD, as well as decreases in the
enzymes ALT and AST, which are indicative of liver health [55]. Obesity is a risk factor for
NAFLD, and these findings suggest green tea/GTE could be an option for NAFLD patients.

The beneficial effect of green tea/GTE on blood pressure (BP) is supported by several
meta-analyses [67]. A recent meta-analysis with 24 studies providing 208-1344 mg cate-
chins/day showed that green tea/GTE reduced systolic BP (SBP) and diastolic BP (DBP)
independent of caffeine content [68]. A meta-analysis of 13 studies with diverse participant
demographics, including normo-weight and overweight/obese, showed decreases in SBP
and DBP following green tea catechin supplementation, whereby a catechin amount of
<500 mg/day was more efficacious. Additionally, the greatest reduction in both measures
was noted in participants with a baseline SBP > 130 mmHg and BMI < 30 kg/m? and in
studies administering GTE [69]. However, an earlier meta-analysis showed green tea/GTE
remained effective in improving SBP and DBP in overweight and obese people but to a
smaller extent [70]. The decrease in BP may be due to a vasodilation effect following an in-
crease in nitric oxide. Thus, the overall evidence supports the benefits of green tea/GTE on
BP in the general population and overweight/obese individuals at increased risk for CVD.

4.4. Green Tea Extract (GTE) Summary

Current evidence suggests that GTE may be beneficial for weight management, glucose
regulation, and reducing TC and LDL-C as well as BP in people who are overweight or
obese. Undesirable effects of GTE consumption reported in clinical trials are largely
Gl-related tolerance issues; however, hepatotoxicity concerns have led to a proposed
UL of 300 mg/day of purified EGCG. For the most part, products marketed for weight
management provide EGCG at an amount at or below the proposed EGCG UL for adults
when used according to the manufacturers’ instructions.

5. Green Coffee Bean Extract (GCBE)

Green coffee bean extracts (GCBE) are produced from water or alcohol extraction
of green coffee beans [71], and together with yerba mate (Ilex paraguariensis), are con-
sidered to be the richest source of chlorogenic acid (CGA) in nature, containing about
6-12% w/w total CGA [72]. Like other coffee products, GCBE may or may not contain
caffeine. In addition, although GCBE is a rich source of CGA, roasted coffee beans, and
thus coffee beverages, are not because CGA is markedly degraded during the roasting
process [71,73]. CGA has diverse bioactions, including antioxidant, anti-inflammatory,
glucose and lipid metabolism regulatory, and cardiovascular protective activities, which
are considered the principal mechanisms underlying GCBE effects [72]. The daily intake
of CGA among coffee drinkers has been estimated to be 100-300 mg/day for medium
drinkers and <600 mg/day for heavy drinkers [74]. Per capita consumption of CGA has
been estimated to be 120-594 mg/day [74]. A search of the Mintel GNPD revealed many
weight management supplements containing GCBE ranging between 50-3996 mg/day. Of
those that also provided CGA content, these ranged from 100-1170 mg/day. Several GCBE-
containing products also include added caffeine ranging from 40—420 mg/day, whereas
those that provided caffeine as a percentage of GCBE had caffeine concentrations ranging
from 8-20 mg/day.
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5.1. Green Coffee Bean Extract (GCBE) Safety

No authoritative reports were identified specifically for GCBE; however, humans have
a high metabolic capacity for CGA with no evidence of saturation of metabolic pathways
for doses <2 g/day [75]. Animal studies suggest CGA is of low toxicity with an LDsg
of 100 mg/kg (7 g for a 70 kg adult) [76,77]. Of the studies included in four recent meta-
analyses on GCBE and cardiometabolic outcomes [78-81], only seven assessed adverse
events, and of these, two reported some undesirable side effects during the GCBE or
CGA intervention. One study reported stomach irritation and dizziness following 800 mg
GCBE (372 mg CGA)/day for 8 weeks [81], and the other reported nausea and headache
following 200 mg CGA /day for 6 weeks [82]. Both used decaffeinated supplements. Those
that reported no undesirable side effects provided GCBE at 100-1000 mg/day or CGA at
54-500 mg/day for 4-24 weeks; all provided decaffeinated supplements, except for one
study that provided CGA with or without 200 mg caffeine [83]. Observations from these
studies suggest that CGA side effects are individual-dependent.

Considering the low occurrence of undesirable side effects reported by clinical studies
testing GCBE or CGA along with the low toxicity suggested by animal studies, it is unlikely
that the consumption of GCBE providing CGA < 1 g (and possibly higher) would result in
undesirable side effects.

5.2. Green Coffee Bean Extract (GCBE) and Weight Management

Caffeine and CGA in GCBE can stimulate fatty acid oxidation and inhibit lipogenesis,
which, in turn, decreases fat accumulation in the body [73]. A meta-analysis of 15 random-
ized clinical trials showed that GCBE in amounts ranging from 90-6000 mg/day containing
30-1200 mg/day CGA for 1-12 weeks significantly reduced BW, BMI, and WC compared
to the control group, but did not affect BF and waist-to-hip ratio [84]. Additionally, the
analysis did not find a dose-response relationship between CGA dosage and anthropomet-
ric measures. GCBE appears effective to support weight management but clinical studies
with interventions > 12 weeks are warranted to substantiate the efficacy for weight loss
and maintenance.

5.3. Green Coffee Bean Extract (GCBE) and Metabolic Health

Several meta-analyses have been performed to evaluate the effect of GCBE products
on cardiometabolic risk factors, such as impaired glucose regulation, dyslipidemia, and
hypertension. Two meta-analyses of randomized studies showed that GCBE or CGA
between 200-2000 mg/day for 2-24 weeks significantly reduced FBG and insulin, and this
was not influenced by dose level [78,79]. However, the results of another meta-analysis
of 10 studies found a significant decrease in FBG but not in insulin, and that the decrease
in FBG was only significant for GCBE >400 mg/day [85]. Regarding lipid profile, a
meta-analysis of 13 randomized studies showed that GCBE or CGA between 200 and
2000 mg/day for 2-24 weeks significantly reduced fasting blood TC but not TG, LDL-C, or
HDL-C [78]. Finally, the beneficial effect of GCBE on SBP and DBP was demonstrated in a
meta-analysis of nine studies in people with hypertension, whereby the effect size in SBP
was larger with GCBE doses >400 mg/day [86]. In that meta-analysis, the hypertensive
subjects were diverse and included overweight/obese and those with metabolic syndrome.
These results appear most supportive of GCBE in blood glucose while the effect of GCBE
on BP and lipids is promising but requires further investigation.

5.4. Green Coffee Bean Extract (GCBE) Summary

Considering the low occurrence of undesirable side effects reported in clinical studies
providing GCBE or CGA along with the low toxicity suggested by animal studies, it is
unlikely that consumption of GCBE or CGA through weight management supplements
is harmful. Limited clinical evidence supports a potential beneficial effect of GCBE for
short-term (<12 weeks) weight loss and management of blood glucose and BP but not that
of lipids [87], and CGA exhibits anti-diabetic and anti-lipidemic properties [73].
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6. Choline

Choline is an essential water-soluble micronutrient that exerts diverse functions in
cellular maintenance and growth throughout one’s lifetime. Specifically, choline is in-
volved in metabolic pathways for the synthesis of acetylcholine, betaine, phospholipids,
and trimethylamine, which, in turn, play roles in lipid transport, membrane synthesis,
neurotransmission, and one-carbon metabolism [88,89]. Choline is particularly important
for fetal brain development, and low choline status or deficiency is associated with negative
health outcomes. The NASEM Dietary Reference Intake Report on choline has defined ade-
quate intakes (AI) for the U.S. population that range between 425-550 mg/day for adults,
375-550 mg/day for adolescents aged 14-18 years, 250 mg/day for children age 4-8 years,
200 mg/day for young children (1-3 years old), and 125-150 mg/day for infants up to
1 year old [90]. Similarly, the EFSA set the recommended Al for choline at 400-550 mg/day
for all adults and adolescents 14 years old and above, 375 for adolescents 9-13 years old,
and 150-250 mg/day for infants and young children [91].

Average dietary choline intake in several countries has been reported to be below
recommendations for most populations and age/sex groups, ranging from 230-468 mg/day
for adults, and mostly from animal-based food sources [89]. For example, in the U.S., the
average choline intake of men and women is 421 mg/day and 279 mg/day, respectively [88].
The DGA 2020-2025 has addressed choline nutriture and noted that choline intake needs to
be higher during pregnancy and lactation for replenishment of maternal stores and support
for fetal development, particularly of the brain and spinal cord [19]. Given that most women
do not meet recommended intakes of choline during pregnancy and lactation, particularly
women following a vegetarian or vegan dietary pattern, and that most prenatal vitamins
do not contain choline, the DGA also states that supplementation may be necessary [19].

In dietary supplements, choline is delivered in different forms, including phosphatidyl-
choline, CDP-choline (citicoline), L-alpha-glycerylphosphorylcholine (alpha-GPC), and
choline salts (e.g., choline bitartrate, choline chloride). A search of the Mintel GNPD
database revealed some supplements with weight management claims that contain choline,
whereby a majority were in the form of choline bitartrate, with a handful as citrate salts,
phosphatidylcholine, and alpha-GPC. Most of these products appear to include choline
as a vitamin for nutrition purposes, but some claim that the added choline helps with fat
metabolism and increases energy. Among the products that listed the amount of choline per
serving, most provide <300 mg/day, with the highest providing <993 mg/day. Meanwhile,
most top-selling choline supplements are marketed for cognition and provide between
200-500 mg choline/day, with the highest being 1000 mg/day [92]. Thus, compared to
other types of choline supplements, those marketed for weight management are not more
likely to substantially contribute to excess dietary choline.

6.1. Choline Safety

The 1998 Dietary Reference Intake report established upper levels of choline based
on their review of safety data and the identification of the LOAEL as 3.5 g/day in adults,
3 g/day for adolescents 14-18 years old, 2 g/day for children aged 9-13 years, and 1 g/day
for children aged 1-8 years [90]. The daily oral administration of high choline levels,
such as 10 g choline chloride (7.5 g choline), has produced a slight hypotensive effect
in patients with Alzheimer’s disease, and mild reports of transient Parkinsonian signs
(bradykinesia, tremor, and rigidity) were observed at 12.7 g/day of choline chloride in
people with tardive dyskinesia [90]. Excess choline intake (e.g., 10-16 g/day choline)
has also been associated with fishy body odor, vomiting, salivation, sweating, and GI
effects in patients with tardive dyskinesia and cerebellar ataxia, as well as generation of
the metabolite trimethylamine-N-oxide [90,91]. However, as noted by EFSA, “these are
indirect adverse effects of choline, depending on a ‘high’ dietary amount and a specific
gut microbiome” [91]. Given that choline is a required micronutrient, and most people
consume lower than the recommended amount, a main focus in the literature has been on
inadequate intakes, not excess consumption.
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6.2. Choline and Weight Management

Clinical evidence on choline and weight loss is scarce, with no authoritative reports or
systematic reviews specifically on choline and weight management identified. Based on its
known lipotropic activity, some clinical studies have explored its effect on fat deposition
and weight loss. In clinical studies, one report with 22 young female athletes undergoing
normal athletic training found 1-week supplementation of 2 g choline/day led to a larger
rapid weight loss as compared to the placebo [93]. Reduced BF accounted for the majority
of the weight loss, mainly due to the effect of choline on fat metabolism. However, another
study testing the effect of 6-week supplementation of 500 or 2000 mg/day citicoline (CDP-
choline, a dietetic source of choline) in 16 overweight adults did not affect BW despite a
lower appetite rating at the high dose compared to the baseline [94]. An observational
study of 3054 adults in Newfoundland, Canada showed that dietary choline intake was
associated inversely with BW, BMI, WC, BF, and positively with lean mass in both women
and men [95], but an association was not found in an observational study with 788 6-year-
old Iranian children [96].

6.3. Choline and Metabolic Health

Some evidence is available for the impact of choline on obesity-related conditions. For
example, choline plays a key role in fat metabolism in the liver via phosphatidylcholine,
a product of choline metabolism, which is essential for the assembly/secretion of very
low-density lipoproteins [89,97]. Mechanisms including abnormal phospholipid synthesis,
defects in lipoprotein secretion, and oxidative damage can exacerbate liver damage and
contribute to liver disorders such as NAFLD. A link between choline deficiency and hepatic
lipid disposition has been recognized for over 50 years [98]. The significance of choline
in NAFLD is manifested in the occurrence of hepatic steatosis with choline deficiency
and the reversal of lipid infiltration with choline replacement in patients receiving total
parenteral nutrition [99]. Additionally, decreased choline intake was found to be signifi-
cantly associated with an increased incidence of hepatic fibrosis in postmenopausal women
with NAFLD [100]. Moreover, higher dietary choline intake was associated with a 28%
lower risk of NAFLD only in normal-weight Chinese women but not in overweight/obese
women or men [101]. Although clinical evidence on the efficacy of choline supplementation
in protecting against the NAFLD development and progression is lacking [102,103], the
current evidence suggests the potential of choline for nutritional support and management
of NAFLD.

Choline serves as a dietary precursor for the gut microbial-generated trimethylamine
(TMA), which is oxidized by the hepatic enzyme flavin-containing monooxygenase 3
(FMOB3) to form trimethylamine-N-oxide (TMAO) [104,105]. High levels of TMAO have
been linked to detrimental vascular and inflammatory effects in animal and cell culture
studies. In humans, increased levels of TMAO have been associated with greater CVD risk,
although it remains unclear whether this relationship is a non-pathogenic indirect marker,
or if TMAO has a direct role in disease progression [104]. Further, many of the choline-rich
foods that may contribute to TMAO are considered cardioprotective, and the contribution
of their consumption to clinically relevant levels of TMAOQ is unknown [104,105]. Therefore,
the role of TMAO, and choline as a precursor, remains unclear. Choline supplementation
has been explored in randomized, double-blind, placebo-controlled trials on lipid profiles
with no effect seen with 400 mg/day choline in T2DM subjects [106] or with 1 g choline/day
in 42 healthy postmenopausal women [107]. The supplementation of betaine, which is
a metabolite of choline produced in the human body, at 1.5, 3, and 6 g/day for 6 weeks,
significantly increased TC, LDL-C, and TG compared to placebo [108]. In the same study,
2-week supplementation with 2.6 g/day of choline (provided as phosphatidylcholine)
increased serum TG by (8%) but did not alter TC, LDL-C, or HDL-C. Taken together,
although choline is involved in fat metabolism, its effect following supplementation on
lipid profile in humans is equivocal.
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6.4. Choline Summary

Choline is an essential micronutrient with lipotropic activity that helps catalyze fat
metabolism and prevent fat disposition in the liver. The clinical evidence on the efficacy
of choline supplementation on weight management is limited and inconsistent. Given
that choline is a required micronutrient, and most people consume less than the rec-
ommended intake, the main focus in the literature has been on inadequate intakes, not
excess consumption.

7. Glucomannan

Glucomannan is a high molecular-weight polysaccharide mainly composed of d-
mannose and d-glucose linked by 3-1,4 glycosidic bonds with side chains [109]. Although
it can be present in other plants, such as lily and orchid, glucomannan for human con-
sumption is commonly derived from the tuber or root of Amorphophallus konjac or elephant
yam [110]. Glucomannan is a non-digestible carbohydrate that has been approved for label-
ing as a dietary fiber by the FDA based on its ability to attenuate cholesterol levels [111]. As
a fiber, glucomannan is not digested in the upper GI and thus is available for fermentation
by gut microbiota.

Like other fibers, glucomannan has been promoted for effects on weight management
and associated benefits, such as glucose and cholesterol-lowering, laxative, prebiotic,
and anti-inflammatory activities. It is a hygroscopic fiber, however, which puts it in a
subcategory of fibers, such as guar gum, which are viscous and able to form a large volume
of mucilage after absorbing water in the upper GI tract. The mucilage can then affect satiety
as well as nutrient digestion, absorption, and metabolism in the GI tract [109].

Overall, dietary fiber has been identified as a nutrient of public health concern in all
age/sex groups of the U.S. population, with more than 90% of females and 97% of males not
meeting recommended levels of 21-38 g/day for most adults and 19-38 g/day for children
aged 1-18 years [19,112]. A search of the Mintel GNPD indicated the recommended intake
of glucomannan for weight management products containing glucomannan ranged from
10-3330 mg/day.

7.1. Glucomannan Safety

Following their review of animal and human studies of konjac food supplements, the
EFSA concluded there was no safety concern at <3 g/day konjac intake for the general
population and noted that abdominal discomfort, including diarrhea or constipation, may
occur after this daily dose in adults [113]. This advice is similar to that for other fibers,
which can cause untoward GI side effects, particularly if large amounts are consumed
without a stepped-up dosing regimen to allow for acclimation. Usually, these GI symptom:s,
if they occur, are mild to moderate and transient and not a safety issue. For example, a meta-
analysis of randomized weight loss clinical trials in adults found Gl-related symptoms in
six of eight studies that assessed adverse events when konjac glucomannan was provided
at 1.5-10 g for 3-12 weeks [114]. Another meta-analysis of randomized studies on the
effect of 3 g for 12 weeks and 3.99 g for 8 weeks konjac glucomannan supplementation
on BW also reported Gl-related symptoms in two of the six studies that assessed adverse
events [115]. Similarly, Gl-related adverse events were also reported by some studies in
children; however, in two studies in obese children, no adverse events were reported with
2-3 g/day glucomannan in capsules [116,117]. Another study in children (6-17 years old)
provided 3 g/day noted that both the active and placebo (maltodextrin) groups experienced
a similar number of adverse events that were mostly GI related [118].

Glucomannan aids in weight loss due to its hygroscopic property, whereby it swells
rapidly in the stomach to produce a feeling of satiety and fullness. Water-soluble gums, such
as konjac glucomannan, psyllium, and guar gum, may cause esophageal obstructions if the
dry powder is consumed with inadequate water, thus allowing expansion to occur in the
esophagus. The risk of esophageal obstructions for glucomannan products is dependent on
the amount of glucomannan and how the products are manufactured, as well as individual
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consumer characteristics (e.g., ability to swallow, esophageal anatomy, compliance to
consumption instructions, etc.) [119]. The FDA has reviewed this category of ingredient
related to safety and requires that over-the-counter products in a dry or incompletely
hydrated form must carry a warning indicating the product should be taken with adequate
water and should not be consumed by individuals who have difficulty swallowing [120].
Specific to dietary supplements, the ODS has stated, “Significant safety concerns reported
for tablet forms, which might cause esophageal obstructions, but few safety concerns with
up to 15.1 g/day of other forms for several weeks” [17].

7.2. Glucomannan and Weight Management

In 2010, the EFSA approved a reduction for BW claim for glucomannan at a daily
dose of >3 g consumed over three eating occasions throughout the day and in the context
of an energy-restricted diet in overweight adults [121]. However, two meta-analyses
published after the EFSA approval reported inconsistent results. A 2014 meta-analysis
of eight human studies providing 1-3 g glucomannan/day reported a non-significant
reduction of 0.5 kg [114], and a 2021 meta-analysis of eight studies reported a 1.27 kg
weight reduction [122]. Thus, the data to date are inconsistent. The role of the microbiota
in healthy weight management is of high interest and in vitro studies have shown konjac
fiber may beneficially alter the human gut microbiome [123]; however, human data on
overweight/obese subjects are scarce. In a randomized, double-blind, controlled study,
konjac flour, which provides primarily konjac glucomannan, resulted in a reduction in BMI
and fat mass and significantly increased o-diversity of the gut microbiome in 69 obese
subjects over 5 weeks [124].

Maintaining lean muscle mass is an important issue in weight management regimes.
Supplementation of 3 g/day of konjac glucomannan with 300 mg calcium carbonate
for 60 days decreased BW by 1.2 kg and BF by 1.1 kg while maintaining lean muscle
mass in compliant overweight participants compared to the placebo (300 mg of calcium
carbonate alone) [125]. More studies on glucomannan in weight management are needed to
confirm these findings and determine optimum clinical application conditions. In addition,
understanding the impact of changes in physiochemical properties of glucomannan (e.g.,
high vs. low polymerization) is also an important area for future research.

7.3. Glucomannan and Metabolic Health

Glucomannan has been investigated for its effects on many obesity-related condi-
tions [126]. The FDA has reviewed data on konjac glucomannan and its effect on blood
lipids for determining a beneficial physiological effect and thus its ability to be labeled as a
fiber [111]. Their review indicated nine studies from which conclusions could be drawn had
been published on this effect, with six of these studies showing a reduction in TC and/or
LDL-C [111]. The evidence included children and adults with hypercholesterolemia, with
amounts of glucomannan between 2-13 g/day delivered in a capsule or a food product,
over 3-8 weeks [111]. Due to the delay in gastric emptying and interference of nutrient
accessibility for digestion and absorption, glucomannan is anticipated to also impact blood
glucose [110]. The results of another meta-analysis with glucomannan amounts ranging
from 1.2-15.1 g/day showed significant decreases in FBG, TC, LDL-C, non-HDL-C, and
TG in a diverse population including obese, hyperlipidemic, and diabetic adults [127].
Subgroup analysis did not show similar results in pediatric subjects. A more recent meta-
analysis of 12 studies similarly reported that Konjac glucomannan significantly lowered
LDL-C, and non-HDL-C, but not apolipoprotein B [128]. Recent clinical studies have also
suggested that glucomannan may influence carbohydrate digestion and absorption when
it is co-consumed with high-carbohydrate foods [129,130].

7.4. Glucomannan Summary

Glucomannan has an EFSA-approved claim for weight loss; however, the effect on
weight loss is modest and more investigations are warranted to confirm the consistency
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of this effect. Existing clinical evidence supports beneficial effects on blood glucose, lipid
profile, and GI function. Like other fibers, consumption of glucomannan is expected to
cause transient undesirable GI side effects in some people, particularly if a large amount is
consumed without allowing for acclimation to the increase in fiber intake. Consumers of glu-
comannan supplements are urged to follow the manufacturer’s consumption instructions,
consume adequate liquid with glucomannan products, and be aware of any deficits in swal-
lowing or esophageal anatomy that could increase their risk for esophageal obstruction.

8. Capsaicinoids and Capsinoids

Capsaicinoids are the active ingredients that give chili peppers their characteristic
pungent flavor [131]. Capsaicinoids are a family of alkaloids that include capsaicin, dihydro-
capsaicin, nordihydrocapsaicin, homocapsaicin, and homodihydrocapsaicin, with capsaicin
being the dominant capsaicinoid. Capsaicin has been traditionally used for muscular pain,
headaches, and GI protection and to improve circulation [132]. Understanding the actions
of capsaicin led to the discovery of its binding intracellularly to Transient Receptor Potential
Vanilloid subfamily member 1 (TRPV1) that is expressed predominantly in sensory neu-
rons, and whose activation can regulate pain sensation [133]. More recently, capsaicinoids
have been investigated for impact on several lifestyle health outcomes, including weight
management and obesity-related conditions [131]. A similar but independent group of
compounds named capsinoids has also been investigated in several clinical trials on weight
management [134]. Unlike capsaicinoids, capsinoids are non-spicy compounds and include
capsiate (4-hydroxy-3-methoxybenzyl [E]-8-methyl-6-nonenoate), dihydrocapsiate, and
nordihydrocapsiate.

The consumption of capsaicinoids across different countries ranges from 1-30 mg/day.
Average consumption in Korea is ~3.25 mg/day, and consumption in Mexico averages
24.5-32 mg/day, though intake up to 250 mg/day has been reported [135,136]. A search
of the Mintel GNPD database indicated weight management supplements recommend
<10 mg capsaicin/day or <10 mg dihydrocapsiate/serving.

8.1. Capsaicinoids and Capsinoids Safety

Few authoritative and government reports related to capsaicinoids safety have been
published. The ODS has stated that few safety concerns have been reported for <33 mg/day
for 4 weeks or 4 mg/day for 12 weeks of capsaicin and other capsaicinoids [17]. Capsaici-
noids have been evaluated for food uses as well. The capsinoid dihydrocapsiate is GRAS
at 1 and 3 mg/serving, and this conclusion has been submitted to the FDA with no ob-
jection from the agency [137]. EFSA has also concluded that dihydrocapsiate is safe for
use as a food ingredient or food uses [137]. A NDI 75-day premarket notification for
dihydrocapsiate marketed as a dietary ingredient (i.e., supplement) with a maximum daily
intake of 15 mg is on file with the FDA [138]. Related to supplements, EFSA evaluated
phenylcapsaicin, a chemically synthesized analog of capsaicin for use in food supplements
and foods for special medical purposes at a maximum of 2.5 mg/day in the general pop-
ulation above 11 years old [139]. In contrast, a meta-analysis [140] on the thermogenic
properties of capsaicinoids reported that intervention amounts of capsaicin supplements
were generally low at 0.2-7 mg, with one study providing a single acute intervention of
150 mg/day [141,142] and another providing 135 mg/day for 3 months [143]. The study
providing 150 mg/day [141,142] did not assess adverse effects, whereas the study provid-
ing 135 mg/day [143] noted that 10 of the 42 participants who were randomized to the
capsaicin group “complained” about the capsules, but no further details on the complaints
were provided.

Some safety data are available from clinical studies; however, many meta-analyses
combine data of foods that contain capsaicinoids with that of supplement delivery of the
concentrates or isolated components. For example, a meta-analysis of metabolic syndrome
clinical studies providing capsaicinoids ranging from 2-9 mg/day for 4-12 weeks combined
food and supplement sources noted no serious adverse events and no events leading
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to withdrawal were reported in the studies [144]. Ten of the 12 studies included in this
analysis used a supplement form ranging from fermented red pepper paste pills, red pepper
capsules, capsinoid capsules, and dihydrocapsiate capsules. Eight of the 10 studies using
supplements reported adverse events, with six indicating no adverse events during the
study [144]. The other two studies indicated some tolerance-related adverse events of leg
cramps (with 3 or 9 mg/day dihydrocapsiate over 4 weeks), dyspepsia, bowel irregularities,
and skin rash (with 9 mg capsinoids capsules over 12 weeks) [144]. A tolerability study
of a proprietary product comprising of a blend of capsaicinoids obtained from Capsicum
annuum has been reported as well and showed no change in tolerability at <500 mg/day
(10 mg/day of capsaicinoids) when provided for 1 week [145].

A controversial area of safety has been the proposed carcinogenic properties of hot
peppers. Early studies assessed the food and not capsaicinoid or capsinoid extracts but
attributed putative effects to capsaicin. This has complicated the available data. For exam-
ple, a 2014 meta-analysis reported that low intake of capsaicin showed protection, whereas
medium-high intakes showed susceptibility to gastric cancer, but this only searched for
studies that assessed chili pepper food and only included case—control design studies [146].
Similarly, more recent meta-analyses have shown inconsistent relationships but have evalu-
ated the whole food and not supplements [147,148]. Interestingly, a nonlinear association
of gastric cancer risk with capsaicin intake was shown with potential protective effects at
intakes of chili delivering 0-30 mg capsaicin/day, no clear relationship at 30-90 mg/day,
and risk at >90 mg/day [148]. These all represented observational studies, and therefore, no
causal relationship can be established from these data. Moreover, supplement compositions
are variable and most intervention studies on health effects are conducted at amounts much
lower than those associated as a putative risk factor for gastric cancer. Information on
gastric cancer risk needs to be determined for the supplement forms of these ingredients,
and more data are needed to understand if a protective effect exists at lower levels.

8.2. Capsaicinoids and Capsinoids and Weight Management

The consumption of capsaicinoid-containing foods has been associated with a lower
incidence of obesity, leading to an interest in the role of capsaicinoids themselves [149]. The
EFSA evaluated health claims for capsaicin and maintenance of weight loss and increased
carbohydrate oxidation in 2011 and found limited evidence [150]; however, since then,
several new studies have been published. A meta-analysis reported a marginal decrease in
BW and BMI when assessing results from four and five studies, respectively [144].

The effect of capsaicinoids has also been explored for helping promote a negative en-
ergy balance through increased energy expenditure (EE) and increasing fat oxidation [140].
For example, a meta-analysis of nine studies with different durations and amounts showed
that capsaicinoids significantly increased fat oxidation and EE (+58.56 kcal/day) [151].
Additionally, Ludy et al. [140] conducted a meta-analysis to examine whether there was a
dose-dependent effect of capsaicin on EE and fat oxidation, and found that a positive effect
on EE was only noted for red pepper or capsaicin delivering 135-150 mg/day but not for
amounts < 35 mg. This increased EE can be a consequence of enhanced brown adipose
density and activity, which is involved in thermogenesis [152,153]. Capsaicinoids may also
affect food intake, and a meta-analysis of eight studies showed that capsaicinoid ingestion
with a minimum dose of 2 mg before a meal significantly decreased ad libitum calorie
(—74.0 kcal) during the meal, suggesting an appetite suppression effect [154]. A novel
study with an intraduodenal capsaicin infusion of 1.5 mg reported significantly increased
satiety, likely related to GI stress but not to satiety hormones, such as PYY or GLP-1 [155].
Nevertheless, these observations are not supported by the results of another meta-analysis
that found a non-significant reduction in BW of —0.19 kg [144], although a limitation of
this study is the heterogeneity of the interventions, which include capsaicin supplements
and hot pepper foods.
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8.3. Capsaicinoids and Capsinoids and Metabolic Health

Preclinical evidence shows that capsaicinoids can modulate glucose homeostasis and
lipid metabolism through the TRPV1-dependent pathway and others [156]. Clinical trials
have been conducted on FBG and have shown a null effect [157,158]. However, these
null results could be ascribed to study participants having normal glucose regulation. No
significant changes in lipid profile were reported in overweight adults after 12 weeks of
capsaicinoid supplementation at 2 or 4 mg/day [157]. However, HDL-C increased and TG
decreased following 4 mg capsaicin/day for 3 months in adults with low HDL-C [157]. Null
results were reported for SBP and DBP in two meta-analyses of studies in normotensive
participants [159,160]. Taken together, the evidence of capsaicinoids and capsaicinoid-
containing foods on glucose regulation and lipid profile is equivocal, so more studies are
warranted, particularly in populations with overweight and obesity.

8.4. Capsaicinoid and Capsainoid Summary

Capsaicinoids have been shown to increase EE, although subsequent effects on weight
loss are modest. Similarly, the evidence of capsaicinoids and capsainoids on glucose
regulation and lipid profile is inconsistent and limited. Weight-loss supplements typically
provide <10 mg capsaicin/day. Although safety data are confounded by data on high levels
of acute hot pepper foods in some, few safety concerns have been reported in clinical trials
with capsaicinoid/capsinoid supplements at <33 mg/day for 4 weeks and lower amounts
for longer periods. Based on these observations, the ODS has stated few safety concerns
have been reported for 33 mg/day for 4 weeks or 12 mg/day for 12 weeks for capsaicin
and other capsaicinoids.

9. Conclusions

Eighty percent of Americans take dietary supplements as part of a healthy lifestyle,
including weight management products [161]. We reviewed six ingredients that are repre-
sentative of the broad range of dietary supplements used for weight management—caffeine,
GTE, GCBE, choline, glucomannan, and capsaicinoids and capsainoids—for safety as well
as evidence related to weight management and metabolic health. Published authoritative
reports and comprehensive systematic reviews were available for assessing the safety of
caffeine, GTE, choline, and glucomannan, with information on the main bioactive of GCBE
extract (i.e., CGA) also well studied. Further, caffeine, GTE (specifically EGCG), and choline
have recommended intake limits. Most dietary supplement products marketed for weight
management that include these ingredients have levels within the amounts identified as
generally safe in these reports. Serious events are rare and often involve intentionally high
intakes; however, as with any dietary component, these ingredients have the potential
for intolerance effects, such as GI symptoms, and inter-individual variations, concomitant
medications/supplements, and health status may also play a role in these sensitivities.

Calorie restriction, improvements in dietary quality, and physical activity are key
components in weight management programs, and successful approaches are multifactorial.
Due to this complexity, weight management studies that assess dietary supplements in
the context of other modalities can lead to challenges in discerning the effect of a specific
dietary ingredient. In our review of authoritative reports and human clinical research,
most of the ingredients appear to improve some aspects of metabolic health in people
with overweight and obesity, such as supporting healthy blood glucose, lipids, and BP. Of
these components, GTE has the most plentiful and consistent clinical evidence for weight
management benefits. In summary, supplements providing caffeine, GTE, GCBE, choline,
glucomannan, and/or capsaicinoids and capsainoids may provide some benefit for weight
management and related measures of metabolic health and are generally safe when used in
accordance with the manufacturers” directions.
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