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Abstract
More than 25 years have passed since the Dietary Supplement Health and
Education Act of 1994 classified dietary supplements as a subcategory of food,
thereby exempting manufacturers from providing premarket evidence of product
safety and efficacy. In this commentary, I discuss problems in the supplement
industry through an examination of cases introduced or decided in US federal
courts between 2010 and 2019. More than half the cases located involved
defendants charged with introducing misbranded food or drugs into interstate
commerce. Contaminants included anabolic steroids, erectile dysfunction
medications, weight-loss drugs, workout stimulants and mind-altering
substances. As the article points out, raw powders obtained in bulk quantities
facilitate the practice of ‘home brewing’ and the introduction of prescription drugs
into dietary supplements.
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In the USA, more than 25 years have passed since the
Dietary Supplement Health and Education Act of 1994
(DSHEA) classified a diverse number of health products –
vitamins, minerals, herbs or other botanicals, and amino
acids – as dietary supplements(1). DSHEA placed the prod-
ucts in a special category of foods, as opposed to drugs,
thereby exempting manufacturers from providing premar-
ket evidence of product safety and efficacy to the US
Food and Drug Administration (FDA). Ostensibly, this
exemption would allow manufacturers to avoid delays in
marketing supplements to consumers whose diets lacked
certain nutrients. In practice, DSHEA has facilitated sales
of adulterated and mislabelled products(2). Adulterated
supplements typically contain hazardous or untested ingre-
dients, or they have been prepared, packaged or stocked in
violation of good manufacturing practices(3). Mislabelled
products contain false or misleading information or do not
contain required product details(3).

Since 2007, the FDA has identified more than 1050
tainted dietary supplements(4), and analyses continue to
identify synthetic drugs as product adulterants(5). An esti-
mated 23 000 individuals visit emergency departments
each year due to supplement-related adverse events(6),
and even when supplements do not cause problems, their
benefits appear marginal(7–12). Nevertheless, more than 50
% of adults in the USA take at least one dietary supplement,
and the industry has reached $40 billion in annual sales(2).

In this commentary, I discuss problems in the supple-
ment industry through an examination of cases introduced
or decided in US federal courts between 2010 and 2019.
I gathered information about these cases from news
releases archived by the FDA (www.fda.gov), focusing
on product adulterants as well as charges filed against indi-
viduals and/or companies. Although every case did not fit
precisely in a single category, seventeen of the fifty-seven
cases I located with the search term ‘dietary supplements’
involved anabolic steroids or steroid precursors, eleven
pertained to erectile dysfunction substances, nine involved
weight-loss drugs, seven pertained to workout stimulants
and three to mind-altering substances. Ten additional items
involved products purporting to enhance cognition, reduce
cholesterol, cure the common cold and manage diabetes,
among other conditions. More than half the cases I located
involved defendants charged with introducing misbranded
food or drugs into interstate commerce. Other charges
included mail fraud, wire fraud, money laundering, distri-
bution of a controlled substance, conspiracy to traffic in
counterfeit goods, conspiracy to defraud the FDA, smug-
gling misbranded substances into the USA and criminal
contempt of court. While this list of charges may appear
more applicable to the international drug trade than to
the dietary supplement industry, defendants nevertheless
faced these allegations in the past decade. Below I discuss
cases that appeared especially relevant to public health.
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In the past 10 years, few supplement ingredients have
caused more problems than the synthetic stimulant 1-3-
dmethylhexaneamine, or DMAA(13). Two soldiers who
had taken the supplement Jack3d, which contained
DMAA, suffered cardiac arrest and died during training
exercises(14), and researchers linked the use of a similar
product, OxyElite Pro, to at least thirty-six cases of hepato-
toxicity in Hawaii(15). DMAA has been found in party pills
linked with cerebral haemorrhage(16), and as a banned sub-
stance in sport, its unlisted presence in dietary supplements
has resulted in multiple athlete suspensions(17). In 2019,
five individuals and two companies associated with
Jack3d and OxyElite Pro pleaded guilty in federal court
to felonies associated with the introduction of misbranded
food into interstate commerce with intent to defraud(18).
According to the US Department of Justice, the defendants
imported DMAA from China using false certificates of
analysis and false labelling, and they falsely characterised
DMAA as a ‘natural plant extract’ when it actually came
from a Chinese chemical factory(18).

In fact, cases in the federal courts showed that importa-
tion of raw powders from the Far East has been a consistent
practice in recent years. In the case of workout energisers, a
federal grand jury in 2017 returned indictments against five
individuals and four companies from China for attempting
to sell misbranded DMAA and a similar substance, 1,5-
dimethylhexylamine (DMHA), in the USA(19). The previous
year, an individual received an 11-year prison sentence for
selling supplements containing ephedrine(20). FDA officials
had warned the individual about the federal ban on ephed-
rine, but his decision to continue making false statements
and selling it online eventually led to guilty verdicts on
30 felony counts(20).

Another set of cases heard in the federal courts
involved ‘dietary supplements’ purporting to treat erectile
dysfunction. Most of the cases involved the importation
of substances such as sildenafil, the active ingredient in
Viagra, and tadalafil, the active agent in Cialis. In 2019,
an individual received a 3-year prison sentence for market-
ing a supplement containing sildenafil(21), and in a separate
case, a defendant received a 100-month sentence after he
sold $11 million worth of tadalafil(22). Both defendants
imported ingredients from China and, according to the
FDA, between 2011 and 2017 the latter manufactured at
least 5·5 million pills from imported powder. Some pills
contained fourteen times the levels of tadalafil found in
Cialis pills and left a portion of users with permanent
injuries(22).

Importation of raw powders threatens public health
when bulk purchasers do not verify that powders contain
the ingredients they are supposed to contain. Even when
products do contain legitimate ingredients, supplement
purchasers must trust that bulk buyers convert powders
to pills in a chemically safe manner – and do so under
sanitary conditions. In 2011, a New Jersey court found a
supplement-company owner and two managers guilty of

criminal contempt after they continued to operate a conta-
minated facility closed by consent decree(23). In a
routine inspection, ‘FDA investigators observed a dead
rodent – cut in half – on a blender motor platform; a dead
rodent, surrounded by rodent excreta pellets in an area
used to store near-finished product; and on two occasions,
a live rodent running through the blending room’(23). One
would hope that situation did not repeat itself, but the FDA
continues to observe problems during inspections of sup-
plement facilities(24).

Among weight-loss substances, hazardous drugs such
as sibutramine, withdrawn from the US market in 2010,
have continued to show up in ‘natural’ supplements. In
2019, an individual received 6 months of home confine-
ment for selling sibutramine she had purchased from
China(25). Also in 2019, a federal grand jury returned an
indictment against an individual who had sold weight-loss
products containing sibutramine and phenolphthalein;
he, too, had purchased the drugs from China(26). Earlier
in the year, an individual received a 3-year sentence for
selling a weight-loss product containing 2,4-dinitrophenol,
a fertiliser not approved for human consumption(27).
Although those who consumed 2,4-dinitrophenol may
not have realised it, they actuallymay have risked their lives
in using the substance.

Along with pharmaceuticals found in workout
energisers and weight-loss products, anabolic steroids
and steroid precursors continue to show up in dietary
supplements. Naturally occurring precursors, or prohor-
mones, have proven especially attractive to manufacturers,
as policies regulating their sale lack consistency and can be
challenged in court. For example, androstenedione, the
steroid precursor used by now-retired baseball player
Mark McGwire, is classified as a Schedule III controlled
substance; DHEA, which converts to androstenedione(28),
is available in retail outlets as an ‘anti-ageing’ product.
As it happened, a US senator who championed dietary sup-
plements insisted that DHEA receives an exemption from
the list of controlled substances(29).

Among the steroid-related cases reviewed for this
article, a federal court in 2019 indicted six individuals
and two companies for selling dietary supplements
containing anabolic steroids(30). Prior to that, in 2017,
an individual in New York pleaded guilty to selling a
misbranded substance containing stanozolol, the anabolic
steroid used by Canadian sprinter Ben Johnson at the 1988
Seoul Olympics(31). In 2016, an individual pled guilty to
conspiracy charges in a case involving the illegal importa-
tion of a drug powder containing methasterone, sold as
Superdrol(32). As with other substances, powders contain-
ing anabolic steroids and steroid precursors frequently
came from China and were bought on the Internet.

Raw powders facilitate profit, as they can be purchased
inexpensively and then mixed with fillers to increase
volume. Nearly anyone can purchase a pill press, and in
fact a recent report by the National Association of Boards
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of Pharmacy, the National Association of Drug Diversion
Investigators and the Partnership for Safe Medicines char-
acterised pill presses and counterfeit pill molds as an over-
looked health threat(33). The report noted that pill presses
range from ‘desktop’ presses, which can produce 1800 pills
in an hour, to much larger industrial presses, which can
produce 1·6 million pills in the same time period. From
2011 to 2017, the report stated, seizures of pill presses at
international mail facilities increased nineteen-fold(33).
Indeed, ‘homebrewing’ has become popular in the supple-
ment industry, just as it has among those who sell recrea-
tional drugs. The practice removes ‘middle men’ and
allows amateur manufacturers to operate in relative secrecy.

But in some instances, retail outlets also contribute to
problems with dietary supplements. One might consider
a situation inMaine, where an individual purchased a bottle
of fish oil capsules, face cream and shampoo from a local
pharmacy and then returned all three items the next day.
Before returning the items, the purchaser replaced the fish
oil capsules with stool softeners andDilantin, a prescription
anti-seizure drug(34). While one might have expected the
retail outlet to remove the opened bottle of supplements
from the sales floor, an individual subsequently bought
the returned capsules and discovered the switch. What if
the substitute had been a stronger drug or toxic chemical?
In 2015, an individual received more than 4 years in prison
for selling ‘Miracle Mineral Solution’, a cure-all containing
industrial bleach(35). Also in 2015, a person received a
5-year sentence for marketing the product Potion 9, which
contained the substance butanediol, an industrial solvent
that metabolises into the date-rape drug gammahydro-
xybutyric(36). Earlier, agents arrested a holistic healer in
California for selling a flu and cold remedy that contained
arsenic and the Schedule I controlled substance bufoten-
ine, found in toad venom(37).

One can interpret the cases discussed in this commen-
tary in at least two ways. First, one might consider them
mere anecdotes and not indicative of broader industry
practices. After all, not all who toil in the supplement indus-
try possess ulterior motives, and supplements such as
folic acid and Fe have proven useful in certain instances(38).
But one can also recognise that very few cases make it
to federal court, and that the FDA sends hundreds of letters
to companies that misbrand products. In a competitive
marketplace – one containing more than 90 000
products(38) – some supplement manufacturers will almost
certainly continue to exploit the weaknesses of DSHEA,
gaining an edge by spiking products with actual drugs(39).
In recent years, supplement companies have actually filed
lawsuits to discourage scientists from studying and report-
ing on adulterated dietary supplements(40).

Researchers recently compared supplement regulations
across nations and observed little consistency in regulatory
definitions and categorisations of products(41,42). In the
USA, problems discussed in this article will likely continue
to occur until policy makers reform DSHEA and require

premarket approval of dietary supplements. Without
requiring premarket evidence of safety and efficacy,
DSHEA effectively invites unscrupulous individuals to
market adulterated products. Until policy reform occurs,
supplement users might follow the lead of competitive ath-
letes and examine labels for indications of third-party
batch-testing. As FDA court cases reveal, adulterated
supplements have contained substances such as anabolic
steroids, ephedrine, sibutramine and DMAA, each which
relates to physical training and/or physical appearance.
In sport, United Kingdom Anti-Doping(43) advises athletes
to visit the Informed Sport website to check on batch-
testing(44), while the United States Anti-Doping Agency(45)

refers athletes to NSF International(46). Both contain lengthy
lists of certified products, and one need not be aworld-class
athlete to obtain useful information. Individuals also might
consult the FDA list of tainted products(4). These resources
do not guarantee a product is safe and efficacious, but
absent policy reform, they offer helpful information about
the history of certain supplements.
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