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“] ® CAFFEINE” Caffeine fiends
the world over frequently show
their love for the stimulant and
the buzz it induces.

CAFFEINE JITTERS

Sales boost in energy drinks and deaths linked to the products make scientists
and regulators WORRY ABOUT SAFE LEVELS of the stimulant

LAUREN K. WOLF, C&EN WASHINGTON

WHEN MATTHEW PENBROSS woke on
amorning in August 2007—a day in which
he’d be competing in motocross races near
Port Macquarie, Australia—he wanted to
be prepared. To improve his reaction speed
on the start line, the 28-year-old began
drinking Red Bull Energy Drinks soon af-
ter he rolled out of bed. All told, he would
drink seven or eight of the caffeinated bev-
erages within a seven-hour period.

After his second race that day, Penbross
wasn’t feeling well. But despite some short-
lived chest pains, he kept riding and went
ontowin arace in the afternoon. Twenty
minutes after he crossed the last finish line
of the day, though, his heart stopped.

Penbross had no family history of heart
disease, and he regularly drank a few Red
Bulls per day, news reports later stated. The
hospital doctors who treated his collapse
and helped him recover went on to suggest
that the excessive amount of caffeinated
energy drinks he consumed was the likely
culprit (Med. J. Aust. 2009, 190, 41).

Stories like Penbross” have surfaced with
increasing frequency in recent years. Ac-
cording to areport released last month by
the U.S. Substance Abuse & Mental Health
Services Administration, the annual num-
ber of emergency room visits associated
with energy drinks increased to 20,000 in
2011, a36% boost from the previous year.
Late last year, the New York Times reported
that the U.S. Food & Drug Administra-
tion is investigating reports of five deaths
linked to Monster Energy drinks and
13 deaths linked to 5-Hour Energy shots.

As concerns about the safety of these
products have risen, so too have their
sales. According to SymphonyIRI Group,
a Chicago-based market research firm, the
market for caffeinated energy drinks hit
$9.8 billion last year.

“People often don’t understand the po-
tential risk of these beverages,” says Bruce

EMERGENCIES Energy drinks are
being increasingly linked with hospital
visits in the U.S.
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A. Goldberger, director of forensic toxicol-
ogy at the University of Florida’s pathology
labs. Caffeine is a stimulant and, when
consumed at high enough levels, can have
negative effects.

Monster Energy vigorously defends its

safetyrecord. Inresponse to the fatality
reports FDA is investigating, the company
released the following statement: “Neither
the science nor the facts support the allega-
tions that have been made. Monster reiter-
ates that its products are and have always
been safe.” The firm also says a 16-0z can
of its product contains only about half the
caffeine found in a 16-0z cup of premium
coffee, such as Starbucks.

Caffeine safety has proven hard to mea-
sure. Although scientists have established
the toxic dose to be somewhere around
10 g, they say that the value can fluctuate
depending on how a person processes the
stimulant. Caffeine gets cleared from the
body at different rates because of genetic
variations, gender, and even whether a
person is a smoker. For this reason, it’s dif-
ficult to set a safe limit of daily consump-
tion on the compound. Physiological dif-
ferences, as well as differences in the way
people consume caffeine, have tied FDA in
knots as it has debated how to regulate the
substance.

Caffeine haslong been prized for its
ability to increase a person’s alertness and
energy. According to lore, these proper-
ties were noted in the 9th century by an
Ethiopian goatherd who found his flock
frolicking after eating coffee berries from
nearby bushes. What is not lore is that caf-

“People often don’t understand the
potential risk of these beverages.”
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feine is one of the most frequently ingested
pharmacological substances in the world.
People proclaim their love of the chemi-
cal by displaying its structure on T-shirts,
mugs, and jewelry. According to FDA, at
least 80% of adults in the U.S. consume
caffeine every day.

SCIENTISTS KNOW a lot about how the
popular stimulant triggers alertness in the
body at low doses, says Bertil B. Fredholm,
emeritus professor of pharmacology at
the Karolinska Institute, in Sweden. Once
the compound gets absorbed into the
bloodstream, it moves to the liver, where
itis metabolized. There, cytochrome P450
enzymes yank different methyl groups off
caffeine to transform it into the primary
metabolites paraxanthine, theophylline,
and theobromine.

Caffeine and its metabolites subse-
quently bind to proteins called adenosine
receptors located throughout the body.
When they bind to two of these recep-
tors—named A, and A,y—the stimulants
block the proteins from interacting with
their natural partner, the small molecule
adenosine. Normally, adenosine’s inter-
action with its receptors regulates nerve
cell activity as well as the release of neu-
rotransmitters such as dopamine. It also
promotes sleepiness.

But when caffeine or its metabolites
prevent adenosine from doing its job,
dopamine and other neu-
rotransmitter levels in-

crease, leading to a surge ' 3

innerve activityin the ; (instant)c
brain and on the heart. 93
This action then causes 20-o0z hottle of Mountain Dew —]
ajump in heart rate and ' 90 T
blood pressure. 8-0z can of Red Bull
Like other indulgences ﬁ Energy D"gg
inlife, however, too much : 20-0z bottle —
of agood thing can be of Coca-Cola
bad. “Whereas low-dose caffeine effects 58

are wakefulness, a little bit of arousal, and
slight euphoria,” Fredholm says, “high-
dose effects are anxiety, irritation,

and general mental discomfort—a
completely different kettle of fish.”

Those negative high-dose effects are
especially worrisome, given that re-
searchers still don’t fully understand their
origins.

“High-dose caffeine effects are much
more complex,” Fredholm explains. “It’s
still unknown precisely what the primary
mechanism of action is in the brain and
elsewhere.”
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CAFFEINE
BY THE
NUMBERS
Most beverages
contain less
caffeine

than the
recommended
daily limit, but
some are too
caffeinated
for pregnant
women and
children.
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8-0z cup of coffee —]
(brewed)c
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— Recommended
daily limit for

a healthy adulta
400

— Grande (16 oz)
cup of Starbucks
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— Recommended
daily limit for a
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115

80

75

(brewed)c
55

|— 8-0z cup of

8-0z cup of —]
coffee (decaf)c -

hot chocolatec
-9

Caffeine levels, mg

a = Limit proposed by Health Canada. b = Limit
proposed by U.K. Food Standards Agency.

c = Average value. SOURCES: Consumer Reports,
December 2012; Curr. Opin. Pediatr., DOI: 10.1097/
mop.0b013e3283506827; J. Am. Med. Assoc., DOI:
10.1001/jama.2012.170614; J. Food Sci., DOI:10.1111/

j.1750-3841.2010.01561.x

— 20-0z bottle of Pepsi Max

j8-oz can of Monster Energy
92

— 2-0z cup of espresso® «

Recommended daily limit for
an average U.S. 10-year-olda

8-oz cup of black tea e

The toxiclevel in humans, about 10 g, is
roughly the equivalent of imbibing 75 cups
of brewed coffee (in 8-0oz mugs) or 120 cans
of Red Bull over a few hours.

But that lethal limit can vary widely
from person to person, experts say. Caf-
feine is processed differently in each indi-
vidual, so setting a precise safety limitis
nota straightforward matter.

And standard animal models haven’t
been much help. “Mice and rats—the ani-
mals we’d normally use to determine lethal
doses of substances—metabolize caffeine
much more quickly than humans,” says
James D. Lane, a medical psychologist at
Duke University Medical Center. Soit’s
hard to compare the health effects of caf-
feine in rodents and humans, he adds.

For these reasons, scientists have strug-
gled to distinguish benign, low doses of
caffeine from troublesome, high doses.

In 2003, a team at Health Canada, a
government regulatory agency, reviewed
more than 200 studies about caffeine’s ef-
fects on human health. On the basis of the
survey, the team concluded that 400 mg of
caffeine per day (or about three 8-oz cups
of brewed coffee) is a safe dose for healthy
adults to consume (Food Addit. Contam.,
DOI:10.1080/0265203021000007840). At
and below this level, the average person
does not experience negative mood chang-
esor heart problems, the report stated.

The Health Canada team also recom-
mended a limit of 2.5 mg per kg body

weight per day for children.
For an average 10-year-old in
the U.S., that’s about 75 mg of
caffeine, or two 12-0z cans of
Coca-Cola.
But these recommended
“safe” levels of caffeine are just
statistical averages over the
population. Some people tolerate
caffeine and can ingest large
quantities of the compound
without ill effects, and others

can’t, explains Emma Childs, a
behavioral psychopharmacologist at
the University of Chicago.

& Fifty percent of the caffeine a
S person takes in gets cleared from

the body, on average, in five hours. But
studies have shown this rate can vary be-
cause of other drug use: Women taking oral
contraceptives break down caffeine slower
than those not on a contraceptive pill, and
people who smoke process the stimulant
faster than those who don’t.

Genetics also plays a bigrole in how
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“Neither the science nor the facts support
the allegations that have been made.”

apersonreacts to caffeine. For example,
men metabolize caffeine faster than
women.

Scientists have also found that certain
DNA sequence variations in the gene cod-
ing for CYP1A2, the main cytochrome P450
enzyme that metabolizes caffeine, control
how fast or slowly a person breaks down
the stimulant. The variations, called single-
nucleotide polymorphisms (SNPs), increase
thelevels of the enzyme present in the liver.

ALSO INFLUENCING how people re-

act to caffeine are SNPs in a gene called
ADORA2A, which codes across the body for
the adenosine receptor A, . For instance,
Childs and her group showed in 2008 that
study participants with a particular SNP in
ADORA2A began feeling anxious after con-
suming only 150 mg of caffeine. Participants
without the SNP didn’t experience caffeine-
induced anxiety until they had ingested

450 mg of the substance (Neuropsychophar-
macology, DOI: 10.1038/npp.2008.17).

Fortunately, Childs says, “people with the
ADORA2A polymorphism are pretty cogni-
zant of it.” The gene defect is usually associ-
ated with panic disorder, she adds. “So those
people know how much they’re allowed to
have and when they’ve had too much.”

It’s more difficult, Childs says, to advise
slow caffeine metabolizers who have poly-
morphisms in their CYP1A2 liver enzyme.
“Without genetic testing,” she explains,
“it’s hard to know whether you need to be
careful with intake.”

Because of the variability in caffeine
sensitivity among people, FDA has stopped
short of recommending a consumption
limit for the entire population. The agency
goes only so far as to state on its website,
“Experts agree that 600 mg (four to seven
cups of coffee) of caffeine or more each day
is toomuch.”

The agency has also found it difficult
to regulate the caffeine content of food
and drink. Caffeine is a psychoactive drug,
but it is also a natural ingredient in widely
consumed beverages such as coffee and
tea.

At one point in the early 1980s, FDA con-
sidered prohibiting the addition of synthet-
ic caffeine to soft drinks for safety reasons.
But beverage manufacturers claimed the
compound was a necessary flavor enhancer
for their products.

The agency relented, but it put a limit of
0.02% on the amount of compound allowed
to be added to cola-type beverages. That’s
aconcentration of about 6 mg per oz, a
threshold that drinks like Pepsi Max (5.8 mg
per oz) bump up against but don’t surpass.

But “beverage” limitations don’t apply to
drinks like Monster Energy or 5-Hour Ener-
gy. These caffeine-rich products are sold as
something different: dietary supplements.
The 1994 Dietary Supplement Health &
Education Act allows drinks marketed this
way to contain ingredients such as vita-
mins, minerals, herbs, and other substances
that supplement a person’s diet. And if one
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of those substances is caffeine, it is free of
FDA’s 0.02% food-additive restriction.

As aresult, drinks such as Monster En-
ergy may contain caffeine levels in excess
of 6 mg per oz. And because the beverage
manufacturers sometimes include caf-
feine as part of a drink’s proprietary “en-
ergy blend,” the amount of the stimulant
doesn’t need to be reported on the bottles.
These blends include compounds such as

product, including records of 13 deaths.
Unlike energy drinks, which sit on grocery
store shelves next to sodas and come in 8-
to 24-0z cans, energy shots are sold next to
the Tic Tacs and gum at the cash register in
2-0Z servings.

Even though 5-Hour Energy bottles do
not list caffeine content, in December, Con-
sumer Reports said the shots contain 215 mg
of the stimulant. That’s almost seven times

About 200 calls related to energy drinks
came in during the seven-year period, and
the average subject consumed five bever-
ages before feeling ill (Med. J. Aust., DOI:
10.5694/mja11.10838).

“It’s generally recognized that caffeine
is amildly addictive stimulant drug,” says
Michael F. Jacobson, executive director of
the Center for Science in the Public Inter-
est (CSPI),a consumer health advocacy
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Theophylline

group. Some young adults view it
as alegal way of getting high.

The average subject involved in
the Australian poison center calls,
for instance, was 17 years old. And
30% of the time, the subject used
the energy drinks in combination
with alcohol or drugs like Ecstasy.

“The Federal Trade Commis-
sion probably needs to look into
the marketing of these products,”
Goldberger contends.

That’s because the amped-up
message attached to energy drinks
is quite different from the relaxed,
good-to-the-last-drop one as-
sociates with coffee, he says. One

of 180 mg of caffeine per energy-
drink serving. A cap hasn’t been instituted
inthe U.S., but FDA says it is taking seri-
ously reports of five deaths and about 30
adverse events possibly linked to Monster
Energy that have occurred since 2008.

FDA released those records after a Free-
dom of Information Act request was sub-
mitted by Wendy Crossland, the mother of
ateenage girl who died in 2011 of aheart ar-
rhythmia. The 14-year-old, Anais Fournier,
consumed a 24-0z Monster Energy drink
atamall near Hagerstown, Md. The next
day, she drank another 24-oz can and then
collapsed.

Each can of Monster contains an esti-
mated 240 to 280 mg of caffeine, a daily
dose thatis considered safe for adults.
Fournier, however, was younger and
smaller than the average adult and had a
preexisting heart condition.

“Caffeine will increase adrenaline in your
body, and it will increase blood pressure,”
says Duke’s Lane. For habitual users, “it gen-
erally increases the wear and tear on your
body.” Healthy adults don’t typically notice
these mild effects, but the changes can exac-
erbate underlying conditions such as heart
disorders, particularly at acute doses.

Reports of adverse events connected
with 5-Hour Energy shots are also being
scrutinized by FDA. Since 2009, the agency
has received about 9o filings related to the

the concentration of an average cup of
brewed coffee and 19 times the 0.02% FDA
limit for beverages.

Living Essentials, the maker of 5-Hour
Energy, has responded to the scrutiny by
issuing commercials about its product
safety and by claiming each shot contains
the amount of caffeine in a cup of premium
coffee, such as Starbucks.

“But energy shots aren’t cups of coffee.
It’s not comparing apples to apples,” says
Goldberger, the University of Florida toxi-
cologist. “Your typical cup of coffee comes
hot; you wouldn’t usually gulp it down.” On
the other hand, he says, “energy shots come
in 2-0z containers that can be gulped.”

LACK OF DATA is something else FDA
has been grappling with, says supplements
director Fabricant. “Looking into adverse
event reports is challenging because quite
often, you don’t have alot of background
information,” such as the person’s medical
history, age, and size or details about exactly
what happened. “But we’re always review-
ingand rereviewing the reports,” he adds.
The number of drinks it took to cause an
adverse eventisn’t listed in the records sub-
mitted to FDA either. But a survey of calls
toan Australian poison information center
between 2004 and 2010 suggests that num-

ber could be a factor in why people get sick.

energy drink, called Cocaine, once
labeled itself “the legal alternative.”

It’s not just beverages that have been
caught up in the caffeine craze: Ballpark
favorite Cracker Jack will soon come as
Cracker Jack’d—2-0z packages of the
familiar candy-coated kernels jammed,
in certain flavors, with 70 mg of caffeine
from coffee. According to the label, they’re
“snacks with impact.”

Cracker Jack’d will also join caffeine-
laden candies, waffles, and even pancake
syrup. So far, these items are sold mostly on
the Internet and haven’t caused problems,
says CSPI’s Jacobson, “but if they prove
to be popular, you can bet there’s going to
be an escalation of small companies sell-
ing them in stores. Major marketers might
then see the new niche and capture their
share of the profits.”

Frito-Lay, the maker of Cracker Jack’d,
hasresponded to concerns about its prod-
uct line by saying it stands behind the safety
ofits caffeine-containing kernels. “All mar-
keting for the products will be exclusively
aimed at adult consumers, and the package
design and appearance are wholly different
from Cracker Jack to ensure there is no con-
fusion among consumers,” Frito-Lay says.

CSPTI’s Jacobson is not convinced. The
trend of pumping products full of caffeine,
he argues, deserves attention from FDA
before it gets out of hand. m
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