
Behind the Banning of Ephedra:
Misuse, Abuse, and Dangers

EPHEDRA AND EPHEDRINE FOR WEIGHT LOSS AND ATHLETIC
PERFORMANCE ENHANCEMENT. CLINICAL EFFICACY AND SIDE

EFFECTS. REVIEW OF EVIDENCE REPORT/TECHNOLOGY ASSESSMENT
NO. 76. AHRQ PUBLICATION NO. 03-E022. ROCKVILLE, MD: AGENCY FOR

HEALTHCARE RESEARCH AND QUALITY; MARCH 2003. AVAILABLE AT:
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Editor’s Note: A federal ban on the sale of ephedra-containing prod-
ucts is schedule to take effect within days, and the evidence present-
ed in the above named RAND Report provides clear rationale for
such action. The authors of this impressive report offer a balanced,
thorough exploration of a topic equally complex and controversial.
A distillation of the information contained in the report follows. Save
for introductory and concluding comments offered by this editor, all
the information presented below is taken directly, and in some
instances verbatim, from the RAND Report.

—Russell H. Greenfield, MD 

“All substances are poisons; there is none which is not a poison. The
right dose differentiates a poison and a remedy.”

—Paracelsus

EPHEDRA-CONTAINING SUPPLEMENTS ARE SCHEDULED TO BE TAKEN

off the shelves this month as a result of precedent-setting action
by the U.S. Food and Drug Administration (FDA). Notwithstanding
high profile headlines and direct attempts to reach consumers with
precautionary information, an estimated $500 million worth of
ephedra was sold in 2003, down from $1.3 billion in 2002, accord-
ing to the Nutrition Business Journal.1 Most retail chains have
already stopped selling ephedra-containing products, and only a
handful of major producers are still in this short-term market. 

The rise of ephedra as a dietary supplement closely parallels the
increase in waistlines of the U.S. population, and rising levels of
frustration over the inability to lose a significant amount of weight
easily. Over the past 40 years the prevalence of obesity (defined 
as body mass index [BMI] greater than or equal to 30.0 kg/m2) 
has increased from 13% to 31% in adults, while the prevalence of
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overweight (BMI of 25.0-29.9 kg/m2) has increased
from 31% to 34%.2 According to 1999 NHANES data,
13% of children and adolescents currently are seriously
overweight and displaying increasing rates of obesity-
related chronic diseases, such as non-insulin dependent
diabetes mellitus, not previously seen in children.3 The
United States is not alone—in Canada between 1985
and 1998 overall prevalence of obesity increased in
adults from 5.6% to 14%, and from 1981 to 1996 it
tripled in children.4-8

Obesity is a risk factor for major causes of death,
including cardiovascular disease, numerous types of
cancer, and diabetes,9 and is linked with markedly
decreased life expectancy.10,11 Other serious health risks
associated with obesity include Syndrome X, hyperten-
sion, hyperlipidemia, coronary artery disease, stroke,
gall bladder disease, sleep apnea, osteoarthritis, the
development of certain cancers, and social stigmatiza-
tion.12 Obesity increases both morbidity and mortality
rates, especially those associated with heart disease and
diabetes.13 Allison and colleagues estimated that in 1991
approximately 280,000 deaths were attributable to
excess weight. Patients with BMI greater than 30.0
kg/m2 accounted for more than 80% of the obesity-
attributable deaths.14

Fortunately, weight loss of but 5-10% of body weight
that is followed by long-term weight maintenance can
significantly improve health outcomes.15 Despite this
fact, less than half of obese people report that their doc-
tor recommended weight-loss interventions to them. In
course, many have turned to agents like ephedra. 

Stimulant use has long been popular among high per-
formance athletes as well, and dietary supplement use
by athletes overall is very common. In reviews, 56% of
athletes16 and 42% of college athletes17 use dietary sup-
plements, most notably elite male athletes. 

History and Pharmacology
There is a remarkably long, rich history of medicinal

use of ephedra as documented in treatises from China,
and later in India. Branches of the small shrub tradition-
ally have been used to treat colds, fevers, and wheezing,
and as a diaphoretic.18 Ephedra has been approved by
the German Commission E for treatment of diseases of
the respiratory tract with mild bronchospasm in patients
older than age 6.19

Also known as ma huang, ephedra is the common
name for any of three species grown medicinally in
China and recognized in the Chinese Materia Medica:
Ephedra sinica, Ephedra equisentina, and Ephedra
intermedia. Other species may be used for the prepara-
tion of commercial products, including Ephedra dis-
tachya and Ephedra gerardiana. North American species
of ephedra, such as Ephedra nevadensis (known as mor-
mon tea), reportedly contain little or no ephedrine.20,21

The alkaloid ephedrine, first isolated from ma huang
in 1887, is defined as a mixed sympathomimetic agent
that acts indirectly by enhancing the release of norepi-
nephrine from sympathetic neurons, and directly by
stimulating alpha- and beta-adrenergic receptors.22

Other alkaloids derived from ephedra act similarly but
are less potent than ephedrine (see Table 1). Thus, the
pharmacologic activity of a given ephedra sample
depends on its alkaloid composition (see Table 2).

Combination formulations often are used for weight
loss, and pharmaceutical preparations of ephedrine fre-
quently include caffeine and/or aspirin. Caffeine alone
has been shown to stimulate both thermogenesis and
weight loss, both as an isolated alkaloid and as a botani-
cal tea.23-25 Furthermore, caffeine potentiates the ther-
mogenic effects of ephedrine by acting as an adenosine
receptor antagonist and inhibiting phosphodiesterase
activity.26,27 Botanical preparations often mimic these
combined formulations by including caffeine—or sali-
cylic acid-containing herbs, or those herbs (see Table 3)
containing sympathomimetic amines such as Citrus
aurantium (bitter orange). Other herbs frequently
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included in botanical weight-loss formulas include those
with diuretic or laxative actions. 

Regulatory History in the Making
A 2000 survey by manufacturers of ephedra-contain-

ing supplement products estimated that 3 billion serv-
ings of these products were consumed in the prior year
(revealed during testimony at the Public Meeting on the
Safety of Dietary Supplements Containing Ephedrine
Alkaloids held Aug. 8, 2000). According to Michael
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Table 1 

Active components of ephedra 

Phenylalanine-Derived Alkaloids* 
(total alkaloid content varies from 0.5% to 2.3%) 

• (-)-ephedrine—accounts for the majority of alkaloids, 
up to 90% 

• (+)-pseudoephedrine—accounts for up to 27% of total 
alkaloids 

• (-)-norephedrine (also called phenylpropanolamine)
• (+)-norpseudoephedrine (also called cathine) 

*Ephedra is harvested in the fall when alkaloid content is highest. 

Table 2 

Pharmacologic effects of ephedra 
and its alkaloids 

Cardiovascular Effects
• Increases heart rate and cardiac output 
• Increases peripheral resistance, raising blood pressure in a 

dose-dependent manner 

Pulmonary Effects
• Relaxes bronchial smooth muscle via beta-2 adrenergic 

receptors 

Central Nervous System Effects (lipid-soluble, crosses the
blood-brain barrier) 
• CNS stimulant (causes dopamine release and acts on central 

adrenergic receptors, thereby increasing release of central 
norepinephrine) 

–Short term mood enhancement, heightened alertness 
–Decreased fatigue 
–Increased physical activity 
–At high doses can cause anxiety, restlessness, and insomnia 

Potential Mechanisms for Weight Loss
• Anorexic effect via central effects of norepinephrine on 

satiety centers in the hypothalamus 
• Thermogenesis (dissipation of calories as heat)

Table 3 

Caffeine-containing herbs often combined 
with ephedra for weight loss 

Cocoa (Theobroma cacao) 

Coffee (Coffea arabica)

Guarana (Paullinia cupana) 

Kola nut (Cola acuminata, Cola vera)

Mate leaf (Ilex paraguariensis)

Black, green, or oolong tea (Camilla sinensis) 

Table 4 

Key questions originally proposed* 

Weight Loss
1. What is the evidence for efficacy of ephedra-containing 

dietary supplement products for weight loss, over a sustained 
period of time? 

2. Can efficacy for weight loss be attributed to ephedra alone, or 
ephedra in combination with other ingredients (e.g., caffeine)?

3. Does ephedra have additive effects with other agents? 

4. What dosage levels of ephedra are necessary to achieve 
weight loss? 

Athletic Performance
1. What is the evidence for efficacy of ephedra-containing 

dietary supplement products in terms of energy enhancement 
and enhancement of athletic performance, over a sustained 
period of time? 

2. Can efficacy for energy enhancement and enhancement of 
athletic performance be attributed to ephedra alone, or 
ephedra in combination with other ingredients (e.g., caffeine) 
that produces energy enhancement and/or enhancement of 
athletic performance? 

3. Does ephedra have additive effects with other agents?

4. What dosage levels of ephedra are necessary to achieve ener-
gy enhancement and enhancement of athletic performance? 

Safety Assessment

1. Does use of ephedra-containing dietary supplement products 
over a sustained period of time increase the risk of cardiovas-
cular disease (CVD) or other serious and life-threatening 
events in specific populations? 

2. What populations are at risk of CVD and other life-threaten-
ing events through use of ephedra over a sustained period of 
time? 

3. Can the risk for adverse events in these populations be attrib-
uted to ephedra alone, or in combination with other ingredi-
ents (e.g., caffeine)? 

4. Does ephedra have additive effects with other agents? 

5. What dosage levels of ephedra produce risk of CVD or other 
life-threatening events? 

6. Do ephedra-containing dietary supplement products alter 
physiologic markers of cardiovascular function?

7. What are the metabolic actions of ephedra, so as to explain 
its beneficial and adverse effects? 

*Information was synthesized to address the same 15 questions
for the alkaloid ephedrine.



McGuffin, an industry spokesman, this figure represent-
ed a 65% increase in sales over the previous five years,
and would correspond to approximately $6.8 billion in
total sales.28

Herbal ephedra has been used in China to treat respi-
ratory conditions for more than 5,000 years; however,
the herb is not used for weight loss or physical perform-

ance enhancement in Eastern medicine. Its active alka-
loid, ephedrine, was first used in Western medicine as an
asthma treatment in the 1930s. Since then, ephedrine
and other sympathomimetic alkaloids have been used in
many over-the-counter decongestants and cold medi-
cines. It was not until the early 1990s that herbal
ephedra and other products containing ephedrine began
to be promoted as weight-loss aids in the United States. 

In response to a growing number of adverse event
reports submitted to the FDA about ephedra-containing
products (more than 300 at the time), the FDA convened
an open meeting of the Special Working Group on Food
Products Containing Ephedrine Alkaloids (a working
group of the Food Advisory Committee) in October
1995. Reported adverse events involved primarily the
cardiovascular and central nervous systems. Most events
occurred in young to middle-aged women, often those
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Table 5 

Databases searched* 

Medline 

EmBase 

BIOSIS 

Allied and Complementary Medicine Database (AMED) 

MANTIS 

The Cochrane Controlled Clinical Trials Register Database 

International Pharmaceutical Abstracts 

Pascal 

SciSearch 

*Unpublished studies were obtained by posting notices in 
relevant journals and through contacts on the Technical Expert
Panel. 

Table 6 

Comparisons 

Effects of ephedra/ephedrine on weight loss were examined in
six different types of comparisons: 

• Ephedrine vs. placebo 

• Ephedrine plus caffeine vs. placebo

• Ephedrine plus caffeine vs. ephedrine 

• Ephedrine vs. other active component 

• Ephedra vs. placebo 

• Ephedra plus herbs containing caffeine vs. placebo 
(contained only a single trial, thus effect sizes estimated 
only for the first five)

Table 7 

Reviewing the evidence 

• 52 controlled clinical trials of ephedrine or herbal ephedra 
for weight loss or athletic performance in humans reported 
in the medical literature 

• More than 1,000 adverse event reports related to herbal 
ephedra and 125 adverse event reports related to ephedrine, 
all from the FDA 

• 65 case reports reported in the medical literature 

• Information on 18,502 adverse event reports (most not 
worked up) from Metabolife, Inc. 

Table 8a 

Findings: Weight loss 

1. Short-term use of ephedrine, ephedrine plus caffeine, or the 
assessed dietary supplements containing ephedra and herbs 
with caffeine is associated with a statistically significant 
increase in short-term weight loss compared with placebo. 

2. The effects of ephedrine plus caffeine appear to be no differ-
ent from those of ephedra-containing dietary supplements 
combined with caffeine-containing herbs. 

3. The effect of either ephedra-containing dietary supplements 
combined with caffeine-containing herbs or ephedrine plus 
caffeine is a weight loss of approximately 2 lbs/month greater 
than that of placebo, for up to 4-6 months duration. 

4. The addition of caffeine to ephedrine is associated with a 
statistically significant increase in short-term weight loss. 

5. No studies were identified in which the long-term effects of 
ephedra-containing dietary supplements or ephedrine on 
weight loss or maintenance were assessed. 

6. Data suggest a dose-response relationship with respect to 
the use of ephedrine and weight loss. 

Table 8b 

Findings: Athletic performance* 

1. Reviewed data support a modest effect of ephedrine plus 

caffeine on very short-term athletic performance. 

2. It is likely that ephedrine alone, without caffeine, has little or 

no effect on athletic performance. 

*No studies assessed the effect of ephedra-containing dietary
supplements on athletic performance; the few studies assessing
the effect of ephedrine on athletic performance did so only in
small samples of mostly fit individuals (young male military
recruits) and only on very short-term immediate performance
(does not reflect the pattern of use of the general population).



using the products for weight loss or to increase energy.
The working group found sufficient evidence to suggest
adverse events were associated with the use of ephedrine
alkaloids, that safe levels should be established, and that
warning labels should appear on products containing
ephedrine alkaloids regardless of source. 

In August 1996, the FDA convened a meeting of its
Food Advisory Committee to continue discussion of the
safety of ephedrine-containing foods and supplements,
by which time the number of adverse events reported to
the FDA had doubled from the year before to more than
600. In 1997, the FDA published a proposed rule on the
use of dietary supplements containing ephedrine alka-
loids, advancing a dose limit of 8 mg ephedrine alkaloid
per serving, a daily limit of 24 mg, a duration limit of
seven days, and various label warnings. In July 1999, the
General Accounting Office reported that the FDA had
insufficient evidence to support dosage and duration
limits. As a result, in early 2000 the FDA withdrew a
large part of the 1997 proposal. 

The American Herbal Products Association, for its
part, did respond to safety issues surrounding the use of
ephedra and ephedrine-containing supplements by draft-
ing guidelines for dosage levels and label warnings in
1994, and revising them in 2000. Recommended dosing
limits were 3-4 times higher than those proposed by the
FDA in 1997. 

From 1992 to 2002, more than 1,000 health-related
problems were reported to the FDA. This, in large part,

led the non-profit group Public Citizen to file a petition
in 2001 asking the FDA to ban production and sale of
ephedra products. In the fall of 2001, the National Foot-
ball League banned ephedra following the deaths of sev-
eral high school and college athletes after alleged use of
ephedra-containing products. 

In June 2002, the U.S. Department of Health and
Human Services proposed an expanded scientific evalu-
ation of ephedra. 

The Report
Ultimately, an evidence report by the RAND Corpo-

ration was published in 2003 detailing methodology,
reports, and conclusions on the efficacy and safety of
whole herb or extracts of the herb ephedra and the isolat-
ed alkaloid ephedrine, either alone or in combination
with other substances, to promote weight loss or to
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Table 8c 

Findings: Safety 

1. There is sufficient evidence available from short-term 
controlled trials to conclude that the use of ephedrine and/or 
use of ephedra or ephedrine plus caffeine* is associated with 
a two- to three-fold risk of nausea, vomiting, psychiatric 
symptoms such as anxiety and change in mood, autonomic 
hyperactivity, and palpitations.

2. There are no reports of serious adverse events in controlled 
trials of ephedrine or ephedra, but the studies are insufficient 
to assess adverse events that occurred at a rate of < 1/1,000. 

3. The majority of FDA case reports are insufficiently docu-
mented to make informed judgment about the relationship 
of ephedra-containing dietary supplements and the adverse 
event in question. 

4. There were a large number of adverse events reported to 
one manufacturer of ephedra-containing dietary supple-
ments—nearly all were too poorly documented to permit 
any judgments to be made. 

*It is not possible to separate the contribution of caffeine to 
these events. 

Table 8d 

Findings: Sentinel events* 

Adverse events were classified as sentinel events if the 
following criteria were met:

1. Documentation of an adverse event that met selection criteria.

2. Documentation that person having the adverse event took an 
ephedra-containing supplement or ephedrine within 24 hours 
prior to the event (for cases of death, myocardial infarction, 
seizure, or cerebrovascular accident). 

3. Documentation that alternative explanations for the adverse 
event were investigated and were excluded with reasonable 
certainty.

Identified as sentinel event with prior ephedra 
consumption:

• 2 deaths 

• 3 myocardial infarctions

• 9 cerebrovascular accidents 

• 3 seizures 

• 5 psychiatric cases 

• 43 additional cases were identified as possible sentinel 
events with prior ephedra consumption 

Identified as sentinel events with prior ephedrine 
consumption:

• 3 deaths 

• 2 myocardial infarctions 

• 2 cerebrovascular accidents 

• 1 seizure 

• 3 psychiatric cases 

• 7 additional cases were identified as possible sentinel 
events with prior ephedrine consumption 

*Classification as a sentinel event does not imply a proven 
cause-and-effect relationship; approximately half of all sentinel
events occurred in people age 30 years or younger. 



enhance athletic performance (see Table 4). Conclusions
were arrived at through a comprehensive literature
review (see Tables 5-7) and subsequent synthesis of 
evidence. 

In selecting studies for the meta-analysis of weight-
loss efficacy, only those trials of at least eight weeks
treatment duration were considered. In selecting studies
on athletic performance, only those controlled trials
addressing human subjects were chosen. As pertains to
the latter, studies varied widely with respect to interven-
tion. In light of such heterogeneity, studies on athletic
performance were compared and contrasted in a narra-
tive view, rather than performing a statistical synthesis. 

Safety was assessed via review of clinical trials and
compared to event rates for placebo groups, and meta-
analysis was performed where appreciable numbers 
of adverse events were noted. All reports of adverse
events were included in the analysis regardless of treat-
ment duration. Adverse event reports on file with the
FDA, published case reports, and reports to a major
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Table 9 

Limitations of review 

Systematic reviews of randomized controlled trials

• Possibility of publication bias

• Quality of original studies (many studies suffered from high 
attrition rates)

• Small number of trials providing direct comparisons between 
treatments  

–Although observed results suggest that weight loss is 
approximately the same for ephedrine with caffeine, herbal 
ephedra with herbs containing caffeine, and herbal ephedra 
alone, the available data do not prove equivalence 

• Limited treatment duration of weight-loss studies

–No studies assessed post-intervention weight maintenance 

• Heterogeneity of athletic performance trials precluded formal 
meta-analysis 

• No studies on effect of sustained use of ephedrine on athletic 
performance 

• Enrollment in most trials was highly selective to avoid 
specific co-morbidities 

• Results of ephedra studies cannot be generalized to all 
ephedra-containing dietary supplements because of widely 
varying constituents 

Analysis of adverse events

• Focused only on studies addressing weight loss or athletic 
performance, and no other conditions 

• Enrollment was highly selective to avoid certain 
co-morbidities 

• Results of ephedra studies cannot be generalized to all 
ephedra-containing dietary supplements because of widely 
varying constituents 

Analysis of case reports

• Authors did not have access to all adverse event files 

• MedWatch case reports likely underestimate the total number 
of events (people need to suspect an association in order to 
report an event) 

• No review of other lines of evidence including animal 
research, basic neuroscience studies, and adverse event data 
associated with other sympathomimetic amines 

• Many of the adverse event reports contained insufficient data 
to make an assessment of causality 

Metabolife files

• Source materials 

–Often handwritten, and some of it illegible 
–Widely inconsistent recording of data in files (recording 
bias likely) 

–Double-counting may have occurred 

• Limitation of methods 
–Relied on single person review to screen files (more than 
18,000 cases)

Table 10a

Other herbs and dietary supplements 
commonly marketed for weight loss29,30

Bitter orange (Citrus aurantium) 

• Active ingredient is synephrine, a stimulant with pharmaco-

logic activities similar to those of ephedrine 

• Often combined with caffeine 

• Few investigations with respect to safety 

• Chemical structure as compared with ephedrine suggests 

synephrine may not be as strong, but this has not been studied 

Green tea extract (Camilla sinensis)

• Boosts energy expenditure, but may not increase weight loss

Garcinia cambogia

• Contains hydroxycitric acid, which may interfere with 

fat cell synthesis 

• Existing studies do not support efficacy in humans

Herbal laxatives (senna, cascara, rhubarb, aloe)

• Loss of water weight, not fat

• Potential for electrolyte imbalances

Chitosan

• Made from shells of shrimp and crabs

• Promoted to prevent absorption of fat in gastrointestinal 

tract—scarcity of evidence to back this up

• Side effects include nausea, vomiting

Chromium

• No data suggesting efficacy with weight loss



manufacturer of ephedra-containing products also were
reviewed in depth. All available reports of death,
myocardial infarction, cerebrovascular accident, seizure,
or serious psychiatric illness filed before Sept. 30, 2001,
were reviewed. 

The Findings
Efficacy for Weight Loss. After excluding trials for

methodological reasons, including short duration of
intervention, 20 trials that contained a total of 678 
people who consumed ephedra or ephedrine were
assessed. The majority of these trials were still plagued
by problems, especially high attrition rates (for the 16
weight-loss trials that reported baseline sample sizes, the
attrition rate in the treatment arms averaged 27%,
whereas the attrition rate in the placebo arms averaged
29%). The authors state the results of their review 
(see Table 8a) must be interpreted in light of this poten-
tial bias. 

Nonetheless, the reviewers state evidence points to a
definite association between short-term use of
ephedrine, ephedrine plus caffeine, or dietary sup-
plements that contain ephedra with or without herbs 
that contain caffeine, and a statistically significant
increase in weight loss compared with placebo. Adding
caffeine to ephedrine modestly increases the amount of
weight loss. There is no evidence that the effect of
ephedra-containing dietary supplements with herbs that
also contain caffeine differs from that of ephedrine plus
caffeine—both result in weight loss of approximately 
2 lbs/month more than with placebo for up to 4-6 months. 

No studies have assessed the long-term effects of
ephedra-containing dietary supplements or ephedrine on
weight loss (the longest duration of treatment in a pub-
lished study was six months). 

Efficacy for Athletic Performance. The effect of
ephedrine was assessed in seven studies (mostly
crossover studies, all but one also including caffeine,
and all measuring a variety of exercises as well as out-
come measures). These studies focused on small sam-
ples of young male military recruits and assessed effects
only on very short-term immediate athletic performance.
Thus, the studies do not provide particularly useful
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Table 10b 

Prescription products 
marketed for weight loss29,30

Phentermine (Ionamin®)
• Suppresses appetite 
• FDA recommends use for no longer than 12 weeks at a 

time due to paucity of long-term studies of safety and 
effectiveness 

• Stimulant—side effects include insomnia, dry mouth, 
constipation, hypertension, and palpitations 

Sibutramine (Meridia®)
• Acts like an antidepressant, not an appetite suppressant 
• Dopamine, norepinephrine, and serotonin reuptake 

inhibitor 
• Increases sense of fullness on less food 
• Helps people lose 5-9% (3-5 kg) of body weight in one 

year 
• Long-term adverse effects not well defined 
• Can raise blood pressure 

Orlistat (Xenical®)
• Gastrointestinal lipase inhibitor 
• Blocks absorption of up to one-third of ingested fat 
• Can also lead to loss of fat-soluble vitamins (need for 

supplemental vitamins) 
• Like sibutramine, helps people lose 5-9% (3-5 kg) of 

body weight in one year 
• Long-term adverse effects not well defined 

Topiramate (Topamax®)
• Antiseizure medication 
• Reduces binging behavior, decreases obsessive thinking 

about food 
• Significant side effects—sleep problems, mood changes,

difficulties with memory, concentration, and attention 

Bupropion (Wellbutrin®)
• Antidepressant; effective for people with low mood and 

preoccupation with food 

Metformin (Glucophage®)
• Used to treat diabetes; can help people lose weight who 

don’t have diabetes but have high insulin levels  
• Mixed efficacy 

Table 10c 

Other interventions commonly 
promoted for weight loss29,30

Counseling and behavioral intervention
• Modest but clinically significant sustained weight loss 

(up to 3-5 kg) 

Bariatric surgery
• Consistently results in substantial long-term weight 

reduction 
• Only recommended for people who are morbidly obese 
• Low risk, albeit severe complications 
• Expensive  



information on ephedrine as reportedly used in the gen-
eral population. No studies were identified that assessed
the effect of herbal ephedra-containing dietary supple-
ments on athletic performance. 

The available data support a modest effect of
ephedrine plus caffeine on very short-term athletic 
performance (see Table 8b). The only trial that assessed
the additive effects of these agents reported that
ephedrine must be supplemented with caffeine to affect
athletic performance. The sustained use of ephedrine 
on performance over time has yet to be formally
assessed. 

Safety Issues. Evidence from controlled trials was
sufficient to conclude that use of ephedrine and/or use of
ephedrine-containing dietary supplements or ephedrine
plus caffeine is associated with a two- to three-fold
increased risk of nausea, vomiting, psychiatric symp-
toms such as anxiety and change in mood, autonomic
hyperactivity, and palpitations (see Table 8c). A trend
toward an increase of similar magnitude was noted for
hypertension, but the increase was not statistically sig-
nificant; a non-significant trend toward an increase in
headaches also was identified. The majority of case
reports are insufficiently documented to make informed
judgment about the relationship between ephedrine and
adverse events. 

For prior consumption of ephedrine-containing prod-
ucts, the authors identified two deaths, three myocardial
infarctions, nine cerebrovascular accidents, three
seizures, and five psychiatric cases as sentinel events
(see Table 8d). For prior consumption of ephedrine,
reviewers identified three deaths, two myocardial infarc-
tions, two cerebrovascular accidents, one seizure, and
three psychiatric cases as sentinel events. An additional
43 cases were identified as possible sentinel events with
prior ephedra consumption, and seven additional cases
as possible sentinel events with prior ephedrine con-
sumption. Approximately half the sentinel events
occurred in people aged 30 years or younger. The
authors caution that classification as a sentinel event
does not imply a proven cause-and-effect relationship. 

In dosage analysis, there was a trend toward a higher
risk of adverse events with higher doses of ephedrine,
but data were sparse, and differences were not statisti-
cally significant. The pattern of symptoms with statisti-
cally significant findings is consistent with the pharma-
cology of ephedrine. 

Short descriptions of the adverse event cases that
were reviewed by the authors are included in the report.
The authors also offer their recommendations on future
research directions. Limitations of this review can be
found in Table 9. 

Editor’s Concluding Comments
Despite a time-honored tradition of medicinal use

spanning literally thousands of years, the herb ephedra
and its alkaloid ephedrine will no longer be available in
the United States. The FDA took this action because it is
warranted, perhaps even long overdue, but not because
the herb is inherently dangerous. Rather, the herb and its
alkaloid were being both marketed in high concentra-
tions and misused for maladies as never promoted by
traditional healers and herbalists. 

Sadly, people across America are scrambling to get
their hands on the dwindling supplies of the herb before
the March deadline, willing to risk their health and their
lives for the promise of 2 lbs/month more weight loss
than is offered by placebo, or the lure of short-term gain
in athletic performance. 

According to consultant Loren Israelsen, however,
there will be an exclusion under the ban to allow profes-
sionals to use ephedra under traditional Chinese medi-
cine (TCM) principles or traditions. Unscrupulous indi-
viduals may try to take advantage of this by selling
mock TCM products that contain ephedra. There is, and
will remain, a market for ephedra-containing dietary
supplements. In addition, patients already may be using
or considering many products and services of debatable
efficacy and/or safety (see Tables 10a-10c). 

As health care practitioners we must remain vigilant
and steadfast in dissuading our patients from being
tempted by the quick, and potentially deadly, fix for
overweight and obesity that is ephedra, and partner with
them in exploring safe dietary and lifestyle measures for
weight control.   ❖
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Mindfulness Meditation 
and Chronic Pain
By Yoon-Hang Kim, MD, MPH

MEDITATION CAN BE DEFINED AS THE INTENTIONAL

self-regulation of present awareness. There are
two major classes of meditation practice: concentration
meditation and mindfulness meditation.1 Concentration
meditations, the most widely known and studied of
which is transcendental meditation, focus the attention
to a single aspect such as breathing, a visual object, or a
sound and holding the attention for extended periods.
Mindfulness meditation emphasizes the detached ob-
servation of oneself engaged in a practice such as
breathing. In contrast to concentration meditation, the
mindfulness meditation utilizes a detached observational
state to experience all physical and mental events as 
they occur. 

The historical roots of mindfulness meditation bor-
row from a variety of traditions including vipassana
meditation, Soto Zen, and yoga. Jon Kabat-Zinn, PhD,
is credited with developing a system of meditation both
readily accessible and acceptable to the medical com-
munity and for creating educational programs to train
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health care professionals. Kabat-Zinn created the Mind-
fulness Based Stress Reduction (MBSR) program at the
University of Massachusetts Medical Center in 1979.1

Kabat-Zinn’s MBSR program has since spawned more
than 240 programs, including those at major university
medical centers like Duke, Stanford, and the University
of Wisconsin, as well as programs in Canada, England,
Norway, Argentina, Germany, and Mexico. 

Mechanism of Action
Mindfulness meditation appears to have broad appli-

cability. It has been proven to be effective in a wide
range of clinical problems including the treatment of
psoriasis, anxiety disorder, and chronic pain.2-4 Pain
relief is believed to occur as a result of uncoupling of the
sensory dimension of the pain experience.4 A recent
study also documented increased brain activity and
enhanced immune modulation through the practice of
mindfulness meditation.5

Clinical Research Evidence
A search of several clinical and medical research

databases yielded many studies of the use of meditation
for the treatment of chronic pain. Most of the studies uti-
lized mindfulness meditation. 

In 1982, Kabat-Zinn conducted a 10-week mindful-
ness meditation intervention trial on 51 chronic pain
patients who had not improved with traditional medical
care.6 At 10 weeks, 60% of the patients showed a reduc-
tion of at least 33% in the mean total Pain Rating Index
(Melzack) and 50% showed a reduction of at least 50%
in the mean total Pain Rating. The main limitation of the
study was the lack of a control group. However, the sig-
nificance of the study was that the study population had
failed standard medical care for chronic pain. 

Kabat-Zinn et al conducted another 10-week mind-
fulness meditation intervention program in 1985 on 90
chronic pain patients with a comparison group receiving
more traditional methods employed at a pain clinic.4 The
results showed statistically significant reductions in
present-moment pain, inhibition of activity by pain, and
pain-related drug utilization in the meditation group. In
addition, reduction of mood disturbance, depression,
and anxiety was shown. Although the use of the compar-
ison group lends support to the conclusion of the previ-
ous study, the comparison group did not represent a true
control group in that it consisted of a cohort of 21 con-
secutive patients who were being treated with traditional
methods of the pain clinic. The authors state clearly that
the quasi-experimental design of the study limits the
interpretation to a descriptive comparison of the two
functioning hospital clinics. 

In 1987, Kabat-Zinn et al published the result on 225
chronic pain patients followed for up to four years. The
results showed sustained benefits in pain relief up to
four years.7

More recent chronic pain studies have utilized mind-
fulness meditation for the treatment of fibromyalgia.
Kaplan et al conducted a 10-week mindfulness medita-
tion intervention for 77 fibromyalgia patients.8 The
results showed that 51% of the participants experienced
moderate to marked improvements. Again one of the
limitations of the study is the lack of a control group. 

The most recent study conducted by Astin et al incor-
porated a randomized, controlled trial design for treating
fibromyalgia with mindfulness meditation and qi gong.9

At trial’s end, participants in both the intervention and
control groups experienced significant improvements;
however, there were no statistically significant differ-
ences in outcomes between the two groups. 

Procedure for Mindfulness Meditation
Physicians and other health care providers often refer

patients to an eight-week course of mindfulness medita-
tion. In the beginning, participants are invited to develop
a detached observational state from one moment to the
next while focusing on breathing. Once the detached
observational state is stable, the focus can be widened to
include body sensations, thoughts, memories, emotions,
perceptions, and intuitions as they occur in time.6

Expansion of the field of attention is taught gradually
over a number of sessions. After completing the course,
participants are experienced in the daily practice of
mindfulness meditation. Classes generally include 24-30
participants, and the recommended time to be set aside
for daily meditation is 45 minutes. 

Conclusion
Most existing clinical research data on mindfulness

meditation are limited to quasi-experimental designs,
but they show sustained physical and psychological ben-
efits in chronic pain patients. 

Despite the design limitations of the earlier studies, it
is important to keep in mind that subjects often failed to
achieve pain relief through conventional means of pain
management. 

Recommendation
Patients with chronic pain endure relentless suffering

that impairs all aspects of quality of life. Patient self-
empowerment is an integral part of any healing process,
and interventions that support patient empowerment are
potent therapeutic tools in the clinician’s armamentarium.
Given the low risk and existing evidence supporting
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therapeutic benefits, mindfulness meditation should be
strongly considered as a potentially useful option for
patients experiencing chronic pain.   ❖

Dr. Kim is a fellow in the Program in Integrative Medi-
cine at the University of Arizona in Tucson.
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CME Questions

9. Traditionally, ephedra has been used to treat: 
a. colds. 
b. fevers. 
c. wheezing. 
d. All of the above 

10. Most of the adverse events related to ephedra and reported to
the FDA in 1995 occurred in young to middle-aged women,
often using the products for weight loss or to increase energy. 
a. True 
b. False 

11. Between October 1995 and August 1996, the number of
adverse events related to ephedra and reported to the FDA: 
a. remained the same. 
b. doubled. 
c. tripled. 
d. were not recorded. 

12. Evidence points to a definite association between short-term
use of ephedra and ephedrine products and a statistically sig-
nificant increase in weight loss compared with placebo. 
a. True 
b. False 

13. Evidence from controlled trials was sufficient to conclude that
use of ephedrine products is associated with a two- to three-fold
increased risk of: 
a. nausea and vomiting. 
b. psychiatric symptoms. 
c. autonomic hyperactivity. 
d. palpitations. 
e. All of the above 

14. In dosage analysis, there was a trend toward a higher risk of
adverse events with higher doses of ephedrine. 
a. True 
b. False 

15. Mindfulness meditation has been proven effective in treating a
wide range of clinical problems, including: 
a. psoriasis. 
b. anxiety disorders. 
c. chronic pain. 
d. All of the above 

CME Instructions: Physicians participate in this
continuing medical education program by reading
the articles, using the provided references for further
research, and studying the CME questions. Partici-
pants should select what they believe to be the cor-
rect answers, then refer to the list of correct answers
to test their knowledge. To clarify confusion sur-
rounding any questions answered incorrectly, please
consult the source material. 

After completing this activity, participants must
complete the evaluation form provided at the end of
each semester (June and December) and return it in
the reply envelope provided to receive a certificate
of completion. When an evaluation form is received,
a certificate will be mailed to the participant. 

Answers:9. d, 10. a, 11. b, 12. a, 13. e, 14. a, 15. d.



Fat Intake and Breast
Cancer Risk

Source: Cho E, et al. Premenopausal fat
intake and risk of breast cancer. J Natl Can-
cer Inst 2003;95:1079-1085.

Goal: To determine whether there is a
relationship between dietary fat intake
and breast cancer risk in premenopausal
women.

Design: Prospective cohort study (part
of the Nurses’ Health Study [NHS] II)
from 1991 to 1999.

Subjects: Women between the ages of
25-42 years who completed initial ques-
tionnaires in 1989, and then provided
information biennially through 1999,
including data on dietary habits.

Methods: The NHS II contains infor-
mation from more than 100,000 female
registered nurses in the United States, of
whom more than 90,000 were pre-
menopausal at initiation of the study. In
1989 they first responded to questions
about medical history and lifestyle, and
then regularly did so every other year
from 1993 to 1999. Dietary intake was
assessed in both 1991 and 1995 using a
semi-quantitative food-frequency ques-
tionnaire containing more than 130
items, and cumulative results were aver-
aged to approximate long-term intakes.
Fat intake was calculated as the sum of
contributions from all foods on the basis
of food composition data. Breast cancer
incidence was self-reported and con-
firmed by review of pathology reports.  

Results: A total of 714 women were
diagnosed with invasive breast carcino-
ma during the eight years of follow-up.
In both age-adjusted and multivariable
analyses, total fat intake was not associ-
ated with breast cancer risk. For the

increasing quintiles of animal fat intake,
however, relative risks (RR) were 1.00,
1.28, 1.36, 1.53, and 1.32. When animal
fat intake was divided into deciles, the
RR for breast cancer was 1.79 for indi-
viduals in the 10th decile relative to
those in the first decile. The association
between animal fat intake and increased
risk of breast cancer was more promi-
nent among women with estrogen or
progesterone receptor-positive cancers
than among women with hormone-neg-
ative cancers. Degree of vegetable fat
intake was not associated with increased
breast cancer risk.

Conclusion: Significant premenopausal
intake of animal fat, mainly from red
meat and high-fat dairy products, is
associated with an increased risk of
breast cancer.

Study strengths: Prospective nature;
total number of subjects and level of
compliance with protocol (93% follow-
up rate); repeated measures; complex
adjustments made for confounding 
factors. 

Study weaknesses: Limited informa-
tion on means of food preparation (i.e.,
were the meats blackened/charred on a
barbecue?); inherent weaknesses with
recall of food intake; limited duration of
follow-up.

Of note: Some of the participants
became postmenopausal during the fol-
low-up period. When the analysis was
restricted to only premenopausal
women, a similar, albeit slightly weak-
er, association between animal fat
intake and risk of breast cancer was
found (RR for breast cancer in the high-
est quintile of animal fat intake com-
pared with the lowest was 1.24); women
with higher intakes of animal fat were
more likely to use tobacco and alcohol
products, to have a larger body mass

index, and to have more than three chil-
dren compared to women with lower
intakes. 

We knew that: Breast cancer kills
approximately 40,000 people in the
United States each year; national rates
of breast cancer are strongly correlated
with per capita total fat consumption;
increased fat intake may elevate levels
of circulating estrogen, though this has
not been consistently borne out in
human trials; etiologies of pre- and post-
menopausal breast cancer may vary sig-
nificantly; significant exposure to ani-
mal fats later in life may not have the
same impact on breast cancer risk as
exposure during early adulthood.

Clinical import: This is an excellent
study that focuses on a population for
whom prevention data are wanting—
premenopausal women. Rates of inva-
sive breast cancer among premeno-
pausal women who ate a diet that was
very high in animal (but not vegetable)
fats were more than 30% higher than
those for women who infrequently
ingested animal fats. The results strong-
ly suggest that it is less the total fat
intake and more the specific type of fat
regularly ingested that may place a
woman at greater risk of breast cancer.
It has long been known that high intake
of saturated fats increases the risk for
cardiovascular disease and colon can-
cer. These new data provide yet more
compelling reasons to promote adher-
ence to a diet high in fruits and vegeta-
bles, with only moderate intake of ani-
mal protein (yes, even ice cream!). The
data do not address whether or not 
similar results would have occurred
using primarily organic meat and dairy 
products. 

What to do with this article: Make
copies to hand out to your peers (and to
the women you love). ❖
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Q&A: Food and Drug Administration’s 
Actions on Dietary Supplements Containing

Ephedrine Alkaloids 

ON FEB. 6, THE FOOD AND DRUG ADMINISTRATION (FDA) RELEASED A FINAL REGULATION

declaring dietary supplements containing ephedrine alkaloids adulterated under the
Federal Food, Drug, and Cosmetic Act because they present an unreasonable risk of illness
or injury. 

Portions of the Q&A released in conjunction with the final rule appear below and give
context to the regulatory action taken by the FDA. 

Q: What did FDA do on Feb. 6, 2004? 
A: FDA published a final rule concluding that dietary supplements containing ephedrine
alkaloids (ephedra) present an unreasonable risk of illness or injury under conditions of use
suggested or recommended in the labeling, or if the labeling is silent, under ordinary condi-
tions of use, and are therefore adulterated under Section 402(f)(l)(A) of the Federal Food,
Drug, and Cosmetic Act. 

Q: How is this different than what was announced on Dec. 30, 2003?
A: On Dec. 30, 2003, FDA issued a consumer alert on dietary supplements containing
ephedrine alkaloids. The purpose of the consumer alert was to let consumers know as quick-
ly as possible about FDA’s determination. In addition, FDA sent letters to manufacturers who
market such supplements, stating that FDA was preparing to issue a final rule declaring that
such products present unreasonable risks. The purpose of the letters was to advise such man-
ufacturers and distributors that when the rule becomes effective (60 days after publication),
FDA may take enforcement action against them or the products if they do not cease distribu-
tion of the products. 

Q: What do the firms that received the letters have to do next?
A: They have to take steps to ensure that they will be in compliance with the regulation once
it becomes effective. We hope that many responsible firms will stop marketing dietary sup-
plements containing ephedrine alkaloids right away, as a number of companies have done
already. All firms will have to comply with the new regulation upon its effective date in 60
days. Firms that fail to cease distribution of their products by the effective date of the rule
will face the possibility of FDA enforcement action without further notice. 

Q: Is the FDA prohibiting the sale of ephedra?
A: That is, essentially, what the rule will do. 

Q: Why didn’t FDA reach this conclusion sooner?
A: The law that governs how FDA can regulate dietary supplements, the Dietary Supplement
Health and Education Act (DSHEA), requires FDA to bear the burden in determining that a
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lawfully marketed dietary supplement presents a signifi-
cant or unreasonable risk and should be removed from
the market. In contrast to drugs, which must be proven
safe and effective to be marketed, DSHEA requires FDA
to develop evidence after the supplements are already on
the market that a dietary supplement presents an “unrea-
sonable risk of illness or injury.” FDA has no authority
to require any studies of safety or effectiveness for
dietary supplements. 

FDA first proposed regulating ephedra in 1997, but
commenters including the U.S. General Accounting
Office generally believed that FDA had not developed
sufficient evidence for certain actions proposed. We
were determined to make our current decisions based
upon the best available scientific evidence. In large part
this came from the recent RAND analysis and a careful
review of the Boozer et al six-month clinical study
[which were not available to us until the last several
months]. 

In March 2003, the Agency published a Federal Reg-
ister (FR) notice reopening the comment period on its
1997 proposed rule on dietary supplements containing
ephedrine alkaloids to seek comment on new scientific
evidence about the risks of these products and on a pro-
posed warning statement for the labels of these products.
The FR announcement also sought comments on
whether, in light of current information, FDA should
determine that dietary supplements containing
ephedrine alkaloids present a significant or unreasonable
risk of illness or injury under the conditions of use rec-
ommended or suggested in labeling, or under ordinary
conditions of use if the labeling is silent. In order to
make the determination regarding unreasonable risk,
FDA had to examine the best available scientific evi-
dence and take it into account in assessing whether the
product’s known or reasonably likely risks outweigh its
known or reasonably likely benefits. 

FDA sought comment from health professionals, the
supplement industry, and the general public on any addi-
tional data on ephedra’s safety, so that FDA could
acquire the most complete picture possible of the pro-
duct’s potential risks, as a basis for appropriate regulato-
ry action. 

Q: What has FDA done to meet the requirements to
take action under the dietary supplement law?
A: FDA has gone to great lengths to obtain and review
all of the relevant scientific evidence on ephedra, as well

as adverse event information, even though FDA’s legal
authorities to obtain this information are limited. FDA’s
analysis of the scientific evidence includes: a compre-
hensive evaluation of the scientific literature through
2002 conducted by the RAND Corporation; and evalua-
tion of adverse event reports. FDA also reopened the
1997 proposed rule for comment in March 2003, soon
after the release of an agency “white paper” outlining
the types of evidence and the legal standards that the
agency was considering as a basis for further action.
FDA has since received and reviewed tens of thousands
of comments, and has included its formal evaluation of
all relevant comments in the final rule. 

Completing a major new rule on a never-before used
legal standard with limited agency authorities and a sig-
nificant burden of proof is difficult and time-consuming.
FDA has worked as quickly as possible to complete the
rule in a way that will stand up in court and thus will
provide lasting protection for the public health. 

Q: Why a rule?
A: The agency chose a rule in this case because it is the
most efficient and powerful way to achieve successful
enforcement of this provision against numerous compa-
nies. It will apply to all types of currently-marketed
dietary supplements containing ephedrine alkaloids, not
individual products. 

Q: What types of enforcement actions are possible?
A: FDA has a variety of enforcement possibilities
including seizure of the product, injunction against the
manufacturers and distributors of such products, and
criminal prosecution of violators. 

Q: Is this rule final? Why wait 60 days?
A: The rule as published will be a final rule. The rule
will become effective 60 days after publication so as to
allow for congressional review [April 11, 2004]. 

Q: Are all products containing ephedra affected?
A: Essentially all currently marketed dietary supple-
ments that contain ephedrine alkaloids will be affected
by the rule. The scope of the rule does not pertain to tra-
ditional Chinese herbal remedies. It generally doesn’t
apply to products like herbal teas that are regulated as
conventional foods. Ephedra is not Generally Recog-
nized as Safe for foods and not approved for use as a
food additive. 
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