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Energy drinks have rapidly become very 
popular, especially among adolescents and 
young adults. Recent trends can be traced to 

the introduction of Red Bull in Austria in 1987 and 
the United States in 1997.1 Hundreds of brands are 
now available, with sales increasing exponentially. 
Six billion energy drinks were sold in the United 
States in 2010, up from 2.3 billion in 2005.2 They 
are most commonly consumed to counteract 
tiredness, increase energy, and maintain alertness for 
driving or studying.3 Highly concentrated products 
are now available as “energy shots” and “energy 
sheets” which dissolve on the tongue.2 Energy 
drinks also are consumed with alcohol to enhance 
its intoxicant effects, and then afterward to relieve 
hangovers.2 

The primary ingredients in energy drinks are 
caffeine, taurine, and simple sugars (like sucrose, 
fructose, or beet sugar).3 Guarana (Paulinia cupana) 
from South America often is added as it provides 
about 250 mg caffeine per 3-5 g herb (see Table for 
comparison with other caffeine sources).4 Guarana 
contains other compounds related to caffeine with 
similar effects, so its addition is not equivalent 

to adding more caffeine. A variety of herbs and 
other compounds are contained in specific brands, 
including Gingko biloba, Panax ginseng, L-carnitine, 
and B vitamins.2 The actual ingredients, and their 
amounts, vary widely (see Table).

Energy drinks will be distinguished here from sports 
drinks that contain primarily glucose and electrolytes 
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Summary Points
•	 Six	billion	energy	drinks	were	sold	in	the	

United	States	in	2010;	these	products	
primarily	contain	caffeine,	taurine,	and	
simple	sugars.

•	 Energy	drink	RCTs	show	some	benefits	
on	mental	tasks,	alertness,	and	physical	
performance.

•	 Adverse	effects	can	occur	with	multiple	
energy	drinks	or	when	they	are	combined	
with	alcohol,	especially	in	adolescents	and	
young	adults.
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and are consumed to counteract 
dehydration, improve muscle function, 
and decrease exercise-related exhaustion. 
Both drinks are used by athletes, but 
energy drinks are distinguished by 
their high caffeine levels. Health care 
professionals should be aware of the 
effects of energy drinks because of their 
widespread consumption, especially 
among young males, and growing 
concerns about the adverse effects of 
their over-consumption.

BAckGROuND
Caffeine is the most widely used 
stimulant in the world, and is generally 
recognized as safe. About 90% of adults 
drink caffeinated beverages, with an 
average daily intake of 227 mg caffeine.6 
What is new with energy drinks is the 
amount of caffeine being consumed 
by adolescents, and how it is being 
consumed with other substances.7 Energy 
drink marketing specifically targets 
adolescents and young adults through 
its catchy slogans and sponsorship of 
extreme sports and high-risk activities.6 

Regulation of energy drinks varies 
widely. Some countries ban all energy 
drinks (like Uruguay), restrict their sale 
to pharmacies (like Norway), or limit 
their caffeine content.8 Some European 
countries initially banned Red Bull, 
but these bans were overturned and 
applicable energy drinks must now 
carry a “high caffeine content” label.1 In 
Canada, labels must include warnings, 
a maximum daily consumption, and 
caution against mixing energy drinks 
with alcohol.8 

Regulation of energy drinks in the United 
States has been complicated. Historically, 
caffeinated beverages were regulated by 
the FDA as foods.1 In 1980, the FDA 
proposed eliminating caffeine from such 
drinks because of concerns about its 
health effects. Soft drink manufacturers 
responded that caffeine was a flavor 
enhancer and the FDA introduced a 
maximum caffeine content of 0.02% 
or 71 mg per 12 oz container for soft 
drinks. 

Many energy drinks exceed the FDA 
limit, but sanctions are avoided by using 
the 1994 Dietary Supplement Health 

and Education Act. The drinks can be 
classified as dietary supplements because 
they contain herbs and other natural 
products.1 Thus, an over-the-counter 
medication like NoDoz (containing 100 
mg caffeine per tablet) must include 
several warnings on its label, while an 
energy drink containing more than 500 
mg caffeine carries no information or 
warnings. However, premixed alcoholic 
drinks containing caffeine were effectively 
banned in 2010 when the FDA declared 
caffeine an “unsafe food additive” in 
alcoholic beverages.2

MEcHANISM OF AcTION
Caffeine is a central and peripheral 
nervous system stimulant, which 
antagonizes adenosine receptors and 
potentiates dopamine neurotransmission.6 
Interactions with different receptors lead 
to numerous effects. In adults, moderate 
acute doses (200-350 mg) decrease heart 
rate and increase blood pressure, while 
also enhancing feelings of well-being, 
improving concentration, and increasing 
arousal.7 At higher doses (> 400 mg), 
feelings of anxiety, nervousness, and 
jitteriness predominate. Little research 
has focused on children and adolescents, 
but similar effects have been observed, 
except that negative effects have been 
observed in children (13-17 years) after 
100 mg.

Taurine is an organic acid that is found 
throughout the body, especially within 
the central nervous system. Because of its 
role in healthy development, it has been 
added to infant formula since the 1980s.8 
Taurine has many roles, and is essential 
for cardiovascular functioning and in 
skeletal muscle. Although many popular 
energy drinks contain 1-2 g/serving, its 
role is unclear.3 Claims are made that it 
promotes energy utilization and exercise 
performance, but these are based on 
studies involving taurine combined with 
other ingredients. A study of 11 male 
endurance cyclists found no performance 
improvement with 1.66 g taurine, 
while total fat oxidation increased 16% 
compared to placebo (P < 0.05).9 

Simple sugars are a rapidly absorbed 
source of energy and are added to energy 
drinks for this reason and to improve 
cognitive performance. Drinks typically 
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contain about 27 g sugar per 8 oz.3 Larger volume 
energy drinks exceed the maximum recommended 
daily intake of 32 g sugar.4 

cLINIcAL STuDIES
Individual energy drinks constituents will be 
discussed first. The best-researched of these is 
caffeine, with several studies showing it counteracts 
poor performance due to reduced alertness, increases 
long-term exercise endurance, and improves speed 
and power output.7 Age-related differences in 
caffeine’s effects have been identified. One study 
involved 26 boys and 26 men given a 5 mg/kg 
caffeinated drink.10 No differences were found 
in either group for blood pressure or exercise 
performance. However, heart rate was significantly 
lower for the boys at rest and during exercise, while 
no changes occurred in the men. Other studies have 
found age-related differences in caffeine’s cognitive 
effects, such as boys showing greater reduction in 
reaction time than men and greater increases in 
speech rates.8

Almost all the research on taurine has been 
conducted with animals. Studies found that when 
animals are given neurotoxins, taurine prevents or 
reverses resulting deficits in learning and memory, 
but does not enhance cognitive performance in 
healthy animals.3 A 2012 review found no human 
studies of taurine’s influence on caffeine-induced 
changes in cognitive performance.

The effect of simple sugars on cognition has 
produced inconsistent results. A systematic review 
identified about 30 clinical trials, most examining 
memory.11 Among these, about half found some 
beneficial effects but the other half did not. Positive 

findings were more consistently found with elderly 
subjects, with little impact on younger subjects. Four 
studies examined mood, with increased vigilance 
and decreased fatigue identified in one study each, 
while two other studies found no significant impact 
on mood. Glucose’s cognitive effects in combination 
with caffeine have been studied in three trials. 
Two showed reduced reaction time and improved 
attention and memory, while one showed no impact 
on attention.3

Relatively few randomized controlled trials (RCTs) 
have been published on energy drinks. In one, 
20 undergraduate students (mean age 21 years) 
participated in a 5-way crossover study.12 They 
consumed 250 mL containing either 37.5 g glucose, 
75 mg caffeine, ginseng, and gingko as flavorants 
(not intended to have physiological effects), the 
energy drink (glucose, caffeine, ginseng, and gingko), 
or a placebo consisting of the vehicle used for the 
other drinks. Compared to placebo, the energy drink 
significantly improved “secondary memory” (P = 
0.007) and “speed of attention” (P = 0.044), but no 
other cognitive measures, mood, or heart rate. No 
significant changes in cognitive factors were found 
with any of the individual components.

A double-blind RCT was conducted with 81 subjects 
undergoing firefighter training.13 Each received a 
330 mL drink containing either 50 g glucose and 
40 mg caffeine, 10.25 g fructose/glucose and 80 
mg caffeine, or placebo (no details given on its 
composition or taste). Several cognitive, mood, 
and performance measures were used. Both energy 
drinks resulted in significant improvements in 
information-processing tasks (P = 0.039), while 
the 50 g glucose plus 40 mg caffeine drink showed 

Table. caffeine content of a Representative Sample of caffeinated Beverages1,5

 Bottle/can caffeine Total caffeine (mg) per serving  
Name volume (oz) concentration (mg/oz) size listed in second column

Full Throttle 16 9 144

Monster 16 10 160

Powershot 1 100 100

Red Bull 8.3 9.6 80

RedLine Power Rush 2.5 140 350

Wired X505 24 21 505

coca-cola classic 12 3 34.5

Mountain Dew 12 4.5 54

coffee, Starbucks brewed 12 (Tall) 20 240

coffee, generic brewed  12 16 195 (range 150-300)

Tea, brewed 12 6 76 (range 60-180)
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improved grip strength (P = 0.01) and memory (P 
< 0.05), and decreased anxiety (P = 0.038) and self-
reported stress levels (P < 0.05).

One article reported on three small studies involving 
Red Bull energy drink and sports performance.14 
Whether the study was sponsored by Red Bull 
was not mentioned. Each study involved 10-14 
undergraduate students (mean ages 20-24 years). 
Participants drank either Red Bull or a placebo 
drink. The Red Bull groups improved aerobic 
endurance by 9% (P < 0.05) and anaerobic 
performance by up to 24% (P < 0.05). Significant 
improvements also occurred in mental performance, 
including choice reaction time, concentration, and 
memory.

Red Bull sponsored an RCT that examined the effect 
of Red Bull on driving performance in 24 adults 
(mean age 22.8 years).15 Subjects drove for 2 hours 
on a simulator that monitored weaving and speed. 
During a 15-minute break, participants consumed 
250 mL of either Red Bull or placebo Red Bull 
made by the manufacturer. They drove for another 2 
hours. Driving quality, mental effort, and sleepiness 
also were measured subjectively. When authentic 
Red Bull was consumed, significant reductions in 
weaving and sleepiness were found during the third 
and fourth hours of driving. During the third hour 
only, improvements were found in speed consistency, 
subjective driving quality, and mental effort. 

ADVERSE EFFEcTS
One energy drink taken by an adult appears to be 
safe. However, many reports raise concerns about 
the over-consumption of energy drinks, mixing them 
with alcohol, and their use by adolescents. Case 
reports are linked to concerns about caffeine toxicity. 
Case studies reporting adverse effects typically 
involve large volumes of energy drinks, such as atrial 
fibrillation after 575 mg caffeine daily, acute hepatitis 
after 10 cans per day, jaundice after several cans, 
five cases of epilepsy after at least 480 mg caffeine, 
and severe anxiety after 6-8 energy drinks per day.2 
Australian poison control centers reported 12 energy 
drink-related cases in 2004, which increased to 65 
in 2010.16 These patients had an average age of 
17 years, with a median consumption of 5 units 
per session. The most common symptoms were 
palpitations, agitation, tremor, and gastrointestinal 
upset, but serious cardiac and neurological effects 
also were reported, with more than half requiring 
hospitalization. 

The manufacturers of Monster Energy Drink were 
sued in October 2012 following the death of a 
14-year-old girl. She consumed two 24 oz cans of 
Monster in the 24 hours before her death and the 

autopsy report attributed her death to “cardiac 
arrhythmia due to caffeine toxicity.”17 Following 
this, the FDA stated they were investigating reports 
that Monster was linked to five deaths, and reports 
of 13 deaths associated with 5-Hour Energy, a 
concentrated energy shot. 

Concerns also exist about the use of energy drinks 
along with other substances. The Australian report 
found that in almost half the cases involving energy 
drinks, patients had consumed other substances, 
usually other caffeinated products or alcohol.16 
Numerous studies have identified higher rates of 
alcohol-related harm (such as being taken advantage 
of sexually, driving under the influence, or being 
injured) when people consume large quantities of 
alcohol mixed with energy drinks.18 Compared to 
alcohol alone, alcohol plus energy drinks increased 
self-reported sense of stimulation, counteracted some 
alcohol-related impairments, but did not change 
inhibition nor ability to drive.19 Numerous cases of 
intoxicated young adults requiring emergency room 
treatment have been published where energy drinks 
were involved. The average age of those involved in 
one case series was 16 years.20

cONcLuSION
Energy drinks increase alertness and may improve 
physical performance. They serve as stimulants like 
others drink tea or coffee. They are the subject of 
intensive marketing, especially to younger people. 
The resulting increased consumption of caffeine 
by adolescents has unknown consequences. Over-
consumption of energy drinks puts people at risk 
of caffeine toxicity, although the level at which this 
occurs varies individually and with age. Combined 
with alcohol, they place people at higher risk of 
intoxication and many adverse effects. Other indirect 
concerns are raised about energy drinks because 
consumption of caffeine-containing beverages in 
children is associated with greater BMI, greater 
intake of unhealthy foods, and lower intake of fruits 
and vegetables.7

REcOMMENDATION
Many people are consuming more caffeine 
younger, and health care professionals should be 
alert to symptoms of caffeine toxicity, especially 
in adolescents and young adults. There should 
be an increase in education on the risks of 
overconsumption of energy drinks and the dangers 
of mixing them with alcohol. The long-term effects 
of regular consumption of energy drinks are not 
known. Chronic use of any stimulant is not an 
adequate replacement for adequate rest and sleep. As 
with most areas, moderation should be encouraged. 
For most healthy adults, 200-300 mg caffeine per 
day is not harmful, whether obtained from coffee or 
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energy drinks. For adolescents, the tolerable amount 
is lower, but evidence for clear guidance is lacking. 
What is clear is that energy drinks and alcohol are an 
unsafe combination, especially for adolescents.   n
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CanCer

Soy and Breast cancer: Harmful or Helpful?
By David Kiefer, MD

The food and supplement known as soy, or 
soybean (Glycine max, Family Fabaceae), 
has quite the reputation in lay and scientific 

circles for many health conditions, including 
cancer prevention, bone health, cardiovascular 
disease prevention, and, most notably, treatment of 
menopausal symptoms. The primary mechanism 
of action of soy is thought to be mostly due to the 
phytoestrogenic isoflavone compounds genistein and 
daidzein, and less so biochanin A and formononetin; 
red clover (Trifolium pretense, Family Fabaceae), 
on the other hand, is a menopausal herb with the 
reverse proportion of these compounds, containing 
primarily biochanin A and formononetin.1,2,3

The presence of “phytoestrogens” in soy raises 
questions about its safety in women with breast 
cancer, with a history of breast cancer, or at high 
risk of breast cancer; at the same time, there is 
some research supporting soy’s anticancer effects. 
It can be difficult for a clinician to know how to 
counsel patients about this topic. And, the need for 
such counsel is not rare; one study found that soy 
food and supplement intake is common in women 
recently diagnosed with breast cancer.4 An extensive 

literature already exists examining the clinical use 
of soy, and in most of those individual studies some 
comment was made about adverse effects in the 
treatment groups. This review will instead focus on 
some of the recent trials specifically looking at the 
safety of soy in breast cancer.

MEcHANISM OF AcTION
Some insight into the possible effects of soy in people 
at risk for hormone-sensitive cancers comes with 
a more detailed look at the mechanism of action 
of the isoflavone compounds. Soy isoflavones are 
diphenolic compounds with a structure similar to 
estrogen; these compounds bind to the estrogen 
receptors ER α and ER β, and may either have 
agonist or antagonist activity, depending on the 

  
   
 Genistein Estrogen

Figure 1. Genistein and Estrogen
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Summary Points
•	 There	is	significant	heterogeneity	in	scientific	

research	on	soy	and	its	connection	to	breast	
cancer	with	respect	to	soy	form	and	dose,	
the	demographics	of	women	involved	in	the	
research	protocols,	and	study	length.

•	 Soy	consumption	seems	to	be	mostly	protec-
tive	of	breast	cancer	risk,	although	definitive	
recommendations	are	lacking.

•	 Soy	consumption	may	be	most	beneficial	
when	started	early	in	life,	at	the	same	time	
that	some	clinical	trials	find	the	greatest	benefit	
in	women	who	are	postmenopausal	(rather	
than	premenopausal).

•	 Concerns	may	exist	with	the	intake	of	soy	
isoflavones	greater	than	225	mg	daily	in	high-
risk	individuals.	

isoflavone concentration and the tissue involved.2,3,5,6 
At the same time that anticarcinogenic effects have 
surfaced in research results, soy isoflavones seem to 
be “weak estrogens” and, in animal trials, promote 
the proliferation of breast tissue.3,6 Hence, there is 
some contradiction in the in vitro scientific literature. 

cLINIcAL TRIALS
There are many factors to consider in clinical trials 
about soy and breast cancer, and the details about 
this inter-relationship have not been fully worked 
out.3 The length of the trial, the dose and source of 
soy, and the demographic being studied are some of 
the important variables that have been found to be 
significant in the published literature. For example, 
with respect to women’s demographic, the treatment 
of Asian Americans as either part of a “Western” 
cohort or an Asian cohort may be a crucial decision 
that has probably affected meta-analyses in the past.2 
Although many interesting individual clinical trials 
exist on this topic,7 this review will focus on meta-
analyses and scientific review articles.

One review on the epidemiology and biochemistry 
of soy and soy isoflavones sheds some light on soy 
risks and benefits.5 Researchers analyzed studies 
on soy consumption and breast cancer recurrence 
rates and mortality, finding, at an intake level 
approximating the typical Asian diet, no evidence of 
increased breast cancer recurrence risk. In fact, many 
studies have shown a decrease in risk, although there 
are nuances. For example, it may be that HER-2 
negative patients and women at increased risk of 
breast cancer because of genetic polymorphisms will 
respond more favorably to soy intake. In addition, 
soy isoflavone intake greater than 225 mg daily may 
lead to increase breast epithelial cell proliferation in 

high-risk, premenopausal women. The information 
for these subset groups is based on low numbers of 
research subjects and needs to be replicated, but such 
detail is clearly important clinically and warrants 
further attention.

A meta-analysis of prospective trials aimed to 
improve on other reviews that emphasized case-
control studies.6 This meta-analysis included 18 
studies that investigated the dietary consumption of 
soy isoflavones (from 0 to 33.9 mg daily) as it related 
to breast cancer incidence or recurrence. There were 
14 studies that analyzed breast cancer incidence; 
the researchers found a 11% decrease (relative risk 
[RR], 0.89; 95% confidence interval [CI], 0.79-0.99) 
when the highest isoflavone intake was compared 
to the lowest isoflavone intake, although there was 
a lot of heterogeneity in this part of the analysis 
which could have compromised the results. There 
were four studies of breast cancer recurrence; a 
16% reduction was noted in the highest vs lowest 
isoflavones (RR, 0.84; 95% CI, 0.70-0.99, no 
significant heterogeneity). When these data were 
stratified, the results were only significant for Asian 
and postmenopausal women, showing a lack of 
statistically significant differences from highest to 
lowest isolfavone intake for Western populations 
and premenopausal women. It is possible that the 
lack of findings in Western populations is merely due 
to dietary soy intake, given that the highest Western 
intake is below the lowest Asian intake, although 
the authors also hypothesize that, in line with other 
research results, the protective effect of early soy 
intake may play an important role. However, there 
is some controversy about these benefits for Asian 
populations but not for Western populations. For 
example, one meta-analysis of Chinese vs U.S. 
cohorts of breast cancer survivors found that an 
intake of at least 10 mg of isoflavones daily led 
to improvements in all-cause and breast cancer 
mortality in both groups.8 Methodology, as well as 
demographics (breast cancer prevention, as opposed 
to prevention of breast cancer recurrence), might 
account for these divergent results.

Research has also been undertaken to determine 
the effect of genistein, and sometimes whole 
soy, in breast cancer survivors, finding either no 
increased risk or a decreased risk of recurrence.2 
More research is needed to clarify the effects of 
isolated isoflavones as compared to whole soy foods 
(Western soy products and traditional Asian foods) 
or supplements. 

These reviews are reassuring; some concerning 
results from earlier reviews possibly indicated 
adverse hormonal effects as seen by endometrial 
hyperplasia (but no cancer) with 150 mg of soy 
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of soy foods, there are numerous products and 
formulations, which are not always labeled with 
respect to isoflavone content,9 making it difficult 
to firmly establish cause-effect for soy intake. 
In addition, carcinogenesis is not an overnight 
phenomenon; cancer takes years to develop and, in 
most research, the trials are short-term enough to 
compromise the formation of definitive hypotheses 
about soy’s adverse effects. 

REcOMMENDATIONS
Based on the current state of science regarding 
soy and cancer, only a few basic clinical 
recommendations can be made. There are too many 
variables that remain to be fully explored to make 
generally applicable statements about soy. The 
research points to benefits for an early introduction 
of soy foods (the best data are for soy foods found 
in traditional Asian cuisine), and regular soy intake 
throughout life. Does this hold for all women, even 
those at high-risk of breast cancer (such as a strong 
family history)? Possibly, though it seems prudent 
to wait and receive irrefutable proof of benefit 
in that demographic. The medical community 
should be wary of recommending concentrated 
soy supplements in “high doses,” the specifics of 
which are starting to accumulate, and favor, instead, 
isoflavone doses in line with traditional consumption 
patterns. This is a very exciting area; the realm 
of diet and cancer proves to continue to provide 
clinicians with important areas of intervention for 
patients. With respect to soy, many of these details 
are coming together.   n
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extract daily over 5 years.1,9 However, the story 
is anything but clear, and will continue to require 
clinicians’ vigilance in following the medical 
literature as new studies are published. For example, 
one 6-month study randomized 126 healthy women 
with a family history of unilateral breast cancer 
to soy isoflavones (150 mg genistein and 74 mg 
daidzein) or placebo and found (via fine needle 
aspiration of breast epithelium and nipple aspiration 
fluid) no decrease in overall cell proliferation, though 
there was an increase in cell proliferation for the 
premenopausal group.10 The authors claim that 
this hints at a lack of preventive effects for soy in 
breast cancer and possibly a risk for premenopausal 
women. However, a complete interpretation of these 
results is complicated and anything but clear; other 
researchers have pointed out numerous issues with 
this study, including the menstrual timing of the data 
collection that could have affected the results, and a 
possible failure of randomization.11 

Finally, as alluded to above, the timing of soy intake 
may be very important; much of the protection that 
soy exhibits for breast cancer development seems to 
stem from the intake of soy during early childhood 
and adolescence.2,3

DOSE RELEVANT TO BREAST cANcER
The safest and most effective dose of soy remains to 
be determined. Most clinical trials use dosages from 
50-100 mg of isoflavones daily.9 Some researchers 
mention that 80-120 mg of isoflavones yields the 
“greatest effect with a positive safety profile,” noting 
the need for long-term data.1 As a reference, the 
isoflavone consumption in Southeast Asian countries 
approximates 20-50 mg daily, compared to less than 
1 mg daily in Western countries.5

cONcLuSIONS AND cHALLENGES
Contrary to some findings in in vitro research and 
animal models, the vast majority of human research, 
including prospective and retrospective clinical trials, 
shows no increased risk for women with or at risk 
of breast cancer. There are caveats that need to be 
further elucidated, including the genetic contribution 
to soy risk and benefit and demographic differences 
(especially Asian vs Western living or born). It 
is becoming more and more clear that early and 
continued exposure to soy, as with the typical Asian 
diet, may explain a significant portion of the cancer 
protective effects of soy. Furthermore, menopausal 
status is important with some of the intervention 
studies, showing that soy intake may be most 
useful during the postmenopausal years rather than 
premenopausal age groups. Nonetheless, there are 
numerous challenges to interpreting the medical 
literature about soy; in addition to the many types 
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ABSTRAcT AND cOMMENTARY

Essential Fatty Acids and Biological Aging
By Donald J. Brown, ND
Managing Director, Natural Product Research Consultants, Seattle, WA

Dr. Brown reports no financial relationships relevant to this field of study.

SYNOPSIS: Telomeres are present at the end of chromosomes and help prevent them from degradation. Shortening 
of telomeres can be caused by inflammation and oxidative stress and has been linked to age-related disease and earlier 
mortality in humans. This study suggests that telomere length may be influenced by n-6:n-3 PuFA plasma ratios.
SOuRcE: kiecolt-Glaser Jk, et al. Omega-3 fatty acids, oxidative stress, and leukocyte telomere length: A randomized controlled trial. Brain 
Behav Immun 2012; doi: 10.1016/j.bbi.2012.09.004. [Epub ahead of print].

In a randomized, double-blind, placebo-controlled 
trial, 106 men and women (ages 40-85) were 
recruited from an earlier trial studying the effects 

of omega-3 polyunsaturated fatty acid (PUFA) 
supplementation on inflammatory markers in 
healthy middle-aged and older adults.1 After a single-
blind, 7-day, placebo run-in period, subjects were 
randomized to receive either 2.5 g/day of n-3 PUFA 
(n = 35); 1.25 g/day of n-PUFA (n = 40); or placebo 
(n = 31) for 4 months. The fish oil used in the study 
provided a 7:1 ratio of EPA:DHA. The researchers 
state that this ratio was used “because of evidence 
that EPA has relatively stronger anti-inflammatory 
and antidepressant effects than DHA.” The placebo 
was a mixture of palm, olive, soy, and canola 
oils, as well as cocoa butter, which approximated 
the saturated:monounsaturated:polyunsaturated 
ratio consumed by U.S. adults (37:42:21). Blood 
samples were drawn at baseline and 4 months to 
plasma fatty acids, F2-isoprostanes (a measure of 
oxidative stress), telomere length, and telomerase 
activity. Telomeres are the caps found at the ends of 
chromosomes and are essential for chromosomal 
stability and replication. Telomerase is an enzyme 
important for telomere formation, maintenance, and 
restoration.

At the end of 4 months, supplementation with 
the low-dose and high-dose n-3 PUFA led to a 
significantly lowered oxidative stress as measured 
by F2-isoprostanes compared to placebo (P = 0.02). 
The researchers chose this measure of oxidative 
stress because it “provides the most reliable index of 
in vivo stress when compared to other well-known 
biomarkers.” The estimated geometric long-F2-
isoprostanes values were 15% lower in the two n-3 
supplemented groups compared to placebo. The 
adjusted mean change in telomere length (expressed 
in base pairs [bp]) was an increase of 21 bp and 
50 bp for the low-dose and high-dose groups, 
respectively, compared to a decrease of 43 bp for the 
placebo group. However, these differences did not 

reach statistical significance (P = 0.53 and P = 0.29 
for the low-dose and high-dose groups, respectively). 
Telomere lengthening was observed in 54% of the 
high-dose group and 53% of the low-dose group, 
compared to 39% in the placebo group. These 
differences also were not statistically significant (P 
= 0.39 for both low- and high-dose groups). There 
was no difference between groups in telomerase 
activity. However, when analyzing based on n-6:n-3 
PUFA plasma ratios, telomere length was found 
to significantly increase with decreasing n-6:n-3 
ratios (P = 0.02). A 1-unit decrease in n-6:n-3 was 
associated with an estimated 20 bp increase in 
telomere length. 

cOMMENTARY
Telomeres and their binding proteins at the end 
of chromosomes prevent chromosomes from 
detrimental recombination and degradation.2 
Telomerase maintains or lengthens telomeres by 
adding telomeric DNA to shortened telomeres.3 
Telomere length has been linked and likely regulated 
by exposure to proinflammatory cytokines and 
oxidative stress.4,5 Inflammation triggers T-cell 
proliferation, a known cause of telomere shortening. 
In vitro studies have found that oxidative stress 
stimulates telomere erosion during cell replication.4 

Studies in mice have suggested that there is a 
causal effect of telomerase deficiency and telomere 
shortening in cellular health, premature aging, and 
mortality.6,7 Human studies also have suggested 
a link between shorter telomeres and age-related 
disease (e.g., heart disease and cancer) and earlier 
mortality.8,9 Depression and chronic stress also have 
been associated with shorter telomeres.10,11 It should 
be noted that depression and chronic stress boost 
inflammation and that there is a link between lower 
n-3 PUFA plasma ratios and depression.12

Although telomeres shorten with aging, shortening 
is not inevitable and may be influenced by certain 
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nutrients found in both food and supplements. Based 
on their earlier study that found n-3 PUFA intake 
reduced inflammation,1 the researchers speculated 
that blood levels of PUFAs (primarily n-3 PUFAs) 
may be one of the factors that can prevent telomere 
shortening over time. In the Heart and Soul Study, 
which followed 608 people with stable coronary 
heart disease for 5 years, slower telomere attrition 
was predicted by higher baseline levels of EPA and 
DHA.13 Although preliminary in nature, the results 
of this new study suggest that the best predictor may 
be n-6:n-3 PUFA plasma ratios. The implication in 
effecting this ratio with diet or supplements is to 
decrease dietary sources of n-6 PUFAs, and increase 
dietary or supplemental sources of n-3 PUFAs. It 
is hoped that larger trials will follow to show this 
connection more clearly. Future trials also should 
measure n-6 and n-3 PUFAs in red blood cells (RBC) 
in addition to plasma levels as circulating PUFA 
levels reflect the interplay between dietary intake, 
absorption, and metabolism and are sometimes not 
strongly correlated with dietary intake.14 RBC PUFA 
levels reflect longer-term PUFA consumption as the 
turnover is slower than plasma levels.15

A 2009 study published in the American Journal 
of Clinical Nutrition found that multivitamin use 
was associated with longer telomere length among 
586 women, ages 35-74 years.16 Compared with 
nonusers, the relative telomere length of leukocyte 
DNA was on average 5.1% longer (P = 0.002). 
Also notable was the finding that higher intake of 
vitamins C and E from foods also was associated 
with longer telomeres.

Although the association explored in this study 
is preliminary, it provides yet another reason to 

consume n-3 PUFAs. To approximate the amounts 
used in the study, one would have to consume one 
serving of fish per day or approximate the same dose 
of EPA and DHA through fish oil supplements. With 
much of the “anti-aging” promise of antioxidant 
foods and supplements as well as essential fatty 
acids seeming somewhat speculative, the science of 
measuring telomeres and telomerase activity may 
provide a new way to measure the ability of these 
nutrients to truly slow biological aging.   n
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Summary Points
•	 Inflammation	and	oxidative	stress	have	been	

associated	with	shortening	of	telomeres	—	a	
factor	that	may	be	associated	with	age-related	
disease	and	earlier	mortality	in	humans.

•	 The	results	of	this	study	suggest	that	telomere	
length	is	increased	with	a	decrease	in	n-6:n-3	
PUFA	plasma	ratios.

CanCer
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Do Multivitamins Prevent cancer in Men?
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SYNOPSIS: A 15-year, placebo-controlled, randomized study in middle-aged and elderly male physicians demonstrated 
a small yet statistically significant reduction in total cancer risk with multivitamin intake.
SOuRcE: Gaziano J, et al. Multivitamins in the prevention of cancer in men: The Physicians’ Health Study II randomized controlled trial. JAMA 
2012 doi:10.1001/jama.2012.14641.

The efficacy of multivitamins for preventing 
chronic diseases and cancers has been engulfed 
in controversial studies for decades. In fact, 

the highly influential United States Preventive Task 
Force — an independent panel of non-governmental 
experts in prevention and evidence-based medicine 
— gives an “indeterminate” recommendation to the 
routine use of vitamin supplementation to prevent 
cancer and cardiovascular disease.1 Nonetheless, the 
statistics surrounding multivitamin use and cancer 
rates are striking. Between 2003 and 2006, 40% 
of U.S. adults used multivitamins.2 Additionally, 
one out of every two U.S. men will develop cancer 
in his lifetime.3 Premised on these statistics, the 
Physicians’ Health Study II (PHS II) provides new, 
comprehensive data on the relationship between 
multivitamin intake and cancer prevention.

A total of 14,641 male U.S. physicians age 50 years 
or older (at time of enrollment) participated in a 
15-year, double-blind, placebo-controlled study. The 
men were randomized into two groups and were 
sent monthly dose packs of either a multivitamin, 
(Centrum Silver donated by Pfizer, n = 7317) 
or a placebo (n = 7342) to be taken daily. The 
baseline characteristics of the two groups (noted 
as multivitamin use vs placebo use, respectively) 
were comparable, including similarities in mean 
age (64.2 vs 64.3), body mass index (BMI, 25.9 vs 
26), self-reported history of cancer (“No”: 91.1% 
vs 90.9%), self-reported history of prostate cancer 
(“No”: 95.5% vs 95.5%), self-reported history 
of colorectal cancer (“No”: 99.2% vs 99.2%), 
among other parameters measured. Adherence, 
adverse effects, cancer diagnoses, cardiovascular 
events, and risk factors for cancer (e.g., parental 
history) were assessed annually by questionnaire. 
A National Death Index search was performed for 
any participants with no response. Physicians blind 
to treatment group assessed and reviewed all cancer 
and mortality endpoints. In addition, 96.9% of 
reported cancers were confirmed by pathology or 
cytology reports.

The primary endpoints were total cancer and major 
cardiovascular events; and the secondary endpoints 
were prostate, colorectal, and other site-specific 
cancers. Due to the fact that nearly half of all 
reported cancers were prostate cancers (the study 
hypothesizes that increased surveillance may have 
contributed to this higher-than-expected percentage), 
a new group, titled “Total cancer minus prostate 

cancer,” was created to allow additional analysis.

After a mean follow-up of 11.2 years, the rates of 
total cancer (reported as first cancer events only) 
were 17.0 and 18.3 per 1000 person years in the 
multivitamin and placebo groups, respectively, 
representing an approximate 8% reduction in the 
multivitamin group (hazard ratio [HR], 0.92; 95% 
confidence interval [CI] 0.86-0.998; P = 0.04).  
There was no effect of a multivitamin on prostate 
cancer risk (HR, 0.98; 95% CI, 0.88-1.09; P = 
0.76). However, the risk of total cancer excluding 
prostate cancer was reduced by 12% (HR, 0.88; 
95% CI, 0.79-0.98; P = 0.02). Adherence at the 
end of follow-up after 11.2 years was 67.5% and 
67.1% within the multivitamin group and placebo 
group, respectively. Reported adverse events were 
minor, but men in the multivitamin group reported 
more rashes and epistaxis (rashes: HR 1.07; 95% 
CI, 1.01-1.14; P = 0.03; epistaxis: HR 1.1; 95% CI, 
1.02-1.18; P = 0.01).

cOMMENTARY
This study is a welcome addition to previous 
inconclusive research exploring the connection 
between daily vitamin supplementation and chronic 
disease or cancer. The results of this study contradict 
previous research showing an increase in cancer rates 
with particular vitamins. Consider, for instance, the 
slightly increased rate of lung cancer with beta-
carotene supplements in smokers in one study.4 The 
rate of lung cancer was not increased in the PHS II, 
likely secondary to the lower doses of beta-carotene 
used and a population that was primarily non-
smoking and unexposed to asbestos. As an example, 
the beta-carotene component in the PHS II was only 
375 mcg compared to the 20,000 and 30,000 mcg 
beta-carotene supplements used in the studies that 
showed the increased lung cancer.5,6,7 In general, 
the PHS II used lower doses and a broader vitamin 
formulation than many previous research studies, 
which may have contributed to more positive results.

The study being reviewed here had several strengths. 
It was long-term, with a mean follow-up of 11.2 
years (a range of 10.7-13.3 within the total 15-
year time period), which may capture some of the 
chronology of cancer development, although a 
longer follow-up would be ideal for a disease process 
such as carcinogenesis. In addition, this was a large 
trial, improving on the power of the statistics and 
believability of the results.
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Summary Points
•	 Between	2003	and	2006,	40%	of	U.S.	adults	

used	multivitamins,	although	current	clinical	
guidelines	do	not	recommend	a	daily	multivi-
tamin	for	cancer	prevention.

•	 A	statistically	significant	8%	reduction	in	
incidence	of	total	cancer	in	men	taking	a	daily	
multivitamin	was	found	in	this	15-year,	double-
blind,	randomized,	controlled	study.

However, there are several aspects of the study that 
warrant further examination. First, the population 
does not accurately represent the majority of 
the U.S. population. These men were all middle-
aged or elderly physicians, presumably of higher 
socioeconomic status and with a higher level of 
awareness of “healthy living” than the average U.S. 
citizen. For example, the mean BMI in the study 
population was approximately 26, as compared to 
the U.S. mean of 28.7 for men.8 Furthermore, a mere 
3.6% of the men in the study were current smokers, 
compared to 21.5% of all male adults in the United 
States.9 Both obesity and tobacco use have clear 
associations to cancer, and the population in this 
study grossly underrepresents the prevalence of these 
risk factors. It is unclear if comparable data would 
be reproduced in a future study using more “typical” 
U.S. men as subjects. 

Second, this study overlooks several crucial facts 
regarding general nutrition and bioavailability of 
vitamins. Most notably, the “placebo” subjects 
were not devoid of vitamin intake (this group still 
ate fruits and vegetables, fortified foodstuffs, etc.), 
thus diminishing a clear distinction between placebo 
and control group. Monitoring the precise amount 
of vitamins and minerals ingested and absorbed 
from the diet is nearly impossible. Indeed, the 
PHS II states that both multivitamin and placebo 
groups ate approximately four servings of fruits 
and vegetables daily. It is likely that both groups 
were receiving a high percentage of their daily 
value of vitamins and minerals from their diets 
alone. This calls into question whether the subjects 
receiving a multivitamin actually benefitted from 
the additional vitamins for several reasons. First, 
there is a wide-range of nutrient levels that allow for 
optimal physiological functioning. Thus, additional 
supplementation of vitamins or minerals does not 
correlate to increased functionality after a certain 
threshold is reached.10 Second, the bioavailability 
of vitamins and minerals in any form varies among 
individuals.11

Essentially, it is unclear whether the subjects taking 

a multivitamin did in fact benefit by having a higher 
level of vitamins compared to the placebo group, 
who, for all intents and purposes, may have had 
similar vitamin levels simply secondary to their 
well-balanced diet and the fortification of foods. If 
this study showed a clear deficit in nutrients in the 
placebo group — a level below the threshold for 
physiological functionality — and a corresponding 
elevated nutrient level in the multivitamin group, 
there would be greater credence to the utility of 
multivitamins as a supplement and preventive 
measure.

The question remains: Should we be recommending 
a multivitamin to our patients? Since the fortification 
of foods in the United States is a common practice, 
nutritional deficiencies are scarce in this day and age. 
The topic of proper nutrition is beyond the scope 
of this article, yet it is important to touch on the 
basic premises of why a multivitamin is beneficial in 
the first place. Ideally, we would all get our daily-
recommended dose of vitamins and minerals from 
the food we eat. Unfortunately, time, economics, 
and access to resources more often than not prevent 
the majority of us from achieving this goal. In 
terms of cancer prevention and multivitamins, the 
NIH maintains, “[t]here is insufficient evidence to 
recommend for or against the use of multivitamins 
by the American public to prevent chronic disease.” 
The reluctance to recommend multivitamins as 
dietary supplements extends even further when a 
less traditional use of multivitamins — for cancer 
prevention — is broached. 

Everyone wants to know how to prevent cancer. 
Are multivitamins a step in the right direction? 
Perhaps, but the medical establishment is skeptical; 
for example, in 2007, the World Cancer Research 
Fund/American Institute for Cancer Research went 
so far as to state, “Dietary supplements are not 
recommended for cancer prevention.” Despite the 
results of the PHS II, conventional wisdom is that the 
most reliable and safest approach to prevent chronic 
diseases and cancers is to avoid obesity (ideal BMI 
between 21 and 23), be physically active daily, have 
a primarily plant-based diet, limit intake of red meat 
and processed meat, and limit salt, alcohol, and 
sugary drinks.12,13,14 The American Cancer Society 
echoes this, stating, “[m]ore than half of all cancer 
deaths could be prevented by making healthy choices 
like not smoking, staying at a healthy weight, eating 
right, and keeping active.” 

So, should we take a daily multivitamin? Until 
further research develops, it seems the best way 
to stay healthy and prevent cancer is to follow the 
guidelines above. Adding a low-dose multivitamin 
can’t hurt — it just might not be definitively 
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[IN FUTURE ISSUES] Berries and women’s health Physical activity  
and life expectancy

Integrative therapies  
for cold and flu

1. Which ingredient in energy drinks is most 
likely to contribute to their sought-after 
effects and adverse effects?
a. Taurine
b. Ginseng 
c. Caffeine
d. Glucose

2. With respect to lowering the risk of breast 
cancer, soy consumption is most beneficial 
for whom?
a. Women born and living in the United 

States
b. Asian women who recently started 

consuming soy
c. Asian women who started consuming soy 

as children, and continue to ingest soy
d. Premenopausal women of any 

demographic

3. Shortening of telomeres has been linked to 
which of the following?
a. Age-related diseases such as 

cardiovascular disease and cancer 
b. Depression
c. Earlier mortality
d. All of the above

4. What is the current recommendation on the 
best method to prevent cancer in men?
a. Take a daily multivitamin
b. Daily exercise and eating a balanced diet
c. Routine lab screenings
d. Increase red meat consumption

cME QuESTIONS

changing the effective level of nutrients in 
your body. Ultimately, if the results of the 
PHS II could effectively be reproduced in 
the general population, an 8% reduction 
of total cancer in the United States would 
save many lives — food (or vitamin) for 
thought!   n
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