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Abstract
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SMITH. Effect of a dietary herba supplement containing
caffeine and ephedra on weight, metabolic rate, and body
composition. Obes Res. 2004;12:1152-1157.

Objective: To evaluate the effect of a dietary supplement
containing herbal caffeine (70 mg/dose) and ephedra (24
mg/dose; C&E) on metabalic rate, weight loss, body com-
position, and safety parameters.

Research Methods and Procedures: In phase I, 12 healthy
subjectswith aBMI of 25 to 35 kg/m? had resting metabolic
rate (RMR) measured for 2 hours after ingesting C&E or a
placebo on two occasions 1 week apart, followed by a
1-week washout before phase 1. In phase 1, these 12 and 28
additional subjects were randomized to a 12-week, double-
blind trial comparing C&E (3 times/day) to placebo. In
phase 111, the C& E group was given open-label C&E for 3
months, and the placebo group was given C&E for 6
months.

Results: In phase |, C&E gave an average 8 + 0.1% (SE)
rise in RMR over 2 hours compared with placebo (p <
0.01). In phase I, weight loss at 12 weeks was 3.5 = 0.6 kg
with C&E compared with 0.8 = 0.5 kg with placebo (p <
0.02). The percentage fat lost, shown by DXA, was 7.9 =
2.9% with C&E and 1.9 = 1.1% with placebo (p < 0.05).
Pulse decreased more in the placebo group that in the C& E
group (p < 0.03). There were no differencesin lipid levels
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or blood pressure. In phase |11, there was a 6-month loss of
7.3% and 7.8% of initial body weight for the groups on
placebo and C&E during phase 11, respectively. There were
no serious adverse events.

Discussion: C&E increased RMR significantly by 8% com-
pared with placebo, promoted more weight and fat |oss than
placebo, and was well tolerated.

Key words: ephedr a, caffeine, metabolic rate, body com-
position, herbal dietary supplement

Introduction

Since the enactment of the Dietary Supplement Health
and Education Act in 1994, dietary herbal supplements have
been regulated as foods with the presumption of safety. In
the last decade, the sale of herbal dietary supplementsin the
United States has increased dramatically. Caffeine and
ephedra (C&E)* from herbal sources are classified as di-
etary herbal supplements and have become popular in
weight loss products. In fact, an estimated three billion
doses of ephedra-containing supplements were sold in 1999
(1. The unregulated sale of ephedra-containing supple-
ments, however, has become controversial because of re-
ports of adverse events (2).

Caffeine and theophylline are xanthines that have the
same mechanism of action; 1 mg of theophylline is equiv-
alent to 2 mg of caffeine (3). Caffeine or theophylline
combined with ephedrine has a long history of use in
prescription medications to treat asthma. In fact, caffeine/
theophylline and ephedrine were the standard treatment for
asthmain adults and children in the United States until more
specific B-adrenergic stimulators were introduced in the
1970s (4). During the early 1970s, involuntary weight loss
was observed in subjects being treated with C& E for asthma

1 Nonstandard abbreviations: C&E, caffeine and ephedra; FDA, Food and Drug Adminis-
tration; LDL, low-density lipoprotein; HDL, high-density lipoprotein; RMR, resting meta-
bolic rate; EGCG, epigallocatechin gallate.
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in Denmark (5). Until recently, a prescription medication
containing C& E was marketed for weight loss in Denmark,
and the trials leading to its approval have been used by
manufacturers of herbal caffeine and ephedrato support the
safety of their weight loss products (6).

Few trials of herbal caffeine and ephedra have been
published, possibly because, unlike prescription medication,
the presumption of safety does not require clinical testing
before marketing (7,8). Ephedra contains four isomers, of
which ephedrine is the most active, and this has been the
basis on which ephedra has been compared with the pre-
scription ephedrine products (9). There are at least two
differences between prescription C&E products and the
dietary herbal supplements containing C& E that make that
comparison difficult.

Thefirst isalack of regulations requiring standardization
and quality control of herbal products. This causes the
active ingredients in some herbal products to vary from
batch to batch, a situation that the Food and Drug Admin-
istration (FDA) is in the process of addressing. The second
is the addition of other herbs to the C& E mixture, a practice
that most manufacturers use to give their products brand
identity. These additional herbs have the potential to cause
adverse events or adverse herb interactions. Therefore, not
only is there a need for further trials to test the safety and
efficacy of herbal caffeine- and ephedra-containing prod-
uctsin general, but it is also desirable to test the safety and
efficacy of the various formulations sold.

C&E products are sold to increase metabolism and to
cause weight loss. This trial tested a commercial caffeine-
and ephedra-containing product in three phases. The first
phase tested the efficacy of the product in raising metabolic
rate compared with a placebo. The second phase was a
double-blind, placebo-controlled randomized 12-week trial
testing the safety and efficacy of the herba caffeine- and
ephedra-containing product. The third phase was a 3- or
6-month open-label treatment to observe the safety and
weight loss over 6 months in all participants.

Research Methods and Procedures

Phase |

Twelve healthy male and femal e subjects between 18 and
65 years of age, with aBMI between 25 and 35 kg/m?, were
enrolled in this phase of the study. Subjects who were
pregnant, nursing, smokers, or taking regular medication
except birth control pills or hormone replacement therapy
were excluded from the study. Subjects taking monoamine
oxidase inhibitor medications, methyldopa, drugs for Par-
kinson's disease, or products containing ephedrine alkaloids
were specifically excluded. Subjects with known thyroid
disease, diabetes, blood pressure >140/90 mm Hg, depres-
sion, psychiatric disorders, glaucoma, prostatism, or seizure
disorders were also excluded. During screening, all subjects

underwent amedical history, physical examination, electro-
cardiogram, blood tests [glucose, creatinine, potassium, uric
acid, albumin, calcium, magnesium, creatine phosphoki-
nase, alanine leucine transpeptidase, akaline phosphatase,
thyroid-stimulating hormone, total cholesterol, low-density
lipoprotein (LDL)-cholesterol, high-density lipoprotein
(HDL)-cholesterol, triglycerides, hemoglobin, hematocrit,
mean cell volume, platelet count, white blood cell count,
granulocyte number, neutrophil number, eosinophil num-
ber, and basophil number], and urinalysis (glucose, ketones,
specific gravity, blood, and protein).

Subjects reported to the energy expenditure |aboratory on
2 separate days, having fasted for 12 hours, refrained from
strenuous physical activity for 24 hours, and eaten their
usual diet in the 3 days before the test. On each visit, the
subject rested for 30 minutes, after which resting metabolic
rate (RMR) was measured for 30 minutes using a Deltatrac
flow-through metabolic hood system (Deltatrac I1; Datex-
Ohmeda, Helsinki, Finland). The subjects were given two
pills to swallow, after which their RMR was measured for
30 minutes of each hour for 2 hours. On one occasion, each
pill was an herbal product containing 150 mg ma huang
concentrate 8% (arial; 12 mg ephedra), 150 mg kola nut
(seed) 20% caffeine (30 mg caffeine), 50 mg green tea (10%
caffeine, 20% polyphenols; 5 mg caffeine), 50 mg L-phe-
nylalanine, 50 mg ginger root, 50 mg fo-ti root, 50 mg lycii
berry fruit, 50 mg Siberian ginseng root, 50 mg cinnamon
bark, 100 mg chromium (arginate), 5 mg zinc (aspartate), 50
mg vanadium (aspartate), 20 mg magnesium (aspartate), 50
mg adrenal gland, 30 mg astragalus (root), 20 mg ginkgo
biloba 24/6, and 10 mg pyridoxa «-ketoglutarate per pill
(FormuLean, Denver, CO). On the other occasion, each pill
was a placebo. The order was balanced, the assignment was
made randomly, and the study was double-blinded.

Subjects participating in any phase of this trial deposited
$100 of their own money and received a credit of $10 for
each of the 10 clinic visits they attended. The credits were
refunded to them on completion of the study. Subjects who
dropped from the study for adverse events had their entire
deposit returned. Subjects who completed the study re-
ceived a 3-month supply of the herbal caffeine and ephed-
rine product for their persona use in addition to earning
back the credits on their deposit.

The difference in the area under the curves above base-
line for energy expenditure during the 2 hours after taking
placebo or the dietary supplement containing herbal caf-
feine and ephedrine was compared. The results were ana-
lyzed using the Student’s t test for paired samples, with the
subjects serving as their own controls.

Phase |1

The 12 subjects that participated in phase | plus 28
additional subjects, who were screened using the same
inclusion-exclusion criteria as described in phase I, partic-
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ipated in phase Il. These 40 subjects were randomly as-
signed to the herbal product described in detail above con-
taining C&E (20 subjects) or placebo (20 subjects) in a
double-blind fashion. All subjects were seen monthly for 3
months, and the 20 C& E subjects were asked to take two
pills (together containing 70 mg herbal caffeine and 24 mg
herbal ephedrine) three times per day with meals. Blood
pressure, weight, pulse rate, and any adverse events were
recorded during the monthly visits, and medication was
collected and dispensed. Subjects were seen in the morning
fasting at baseline and at 3 and 6 months. On these visits,
the last pill of study medication was taken the prior after-
noon. On the other visits, subjects took their study medica-
tions within 4 hours of the visit. Total cholesterol, triglyc-
erides, HDL-cholesterol, LDL-cholesterol, and body
composition by DXA (QDR-4500; Hologic, Waltham, MA)
were assessed at the beginning and end of this 3-month
period.

At the beginning of phase Il, all subjects were seen by a
registered dietitian and instructed in a balanced 1200 kcal/d
diet as recommended by the American Diabetes Association
for women and a 1500 kcal/d diet as recommended by the
American Diabetes Association for men. The subjects were
given written information describing the diet and were
asked to follow it during the remaining phases of the study.
Subjects were asked to take two pills three times per day
with their meals. They were also asked to walk 5 minutes
three times per day and gradually increase their walking to
10 minutes four times per day or 40 minutes/d. All subjects
were given written information on lifestyle changes to in-
corporate into their daily lives during the study, including
such things as setting their fork down between bites, putting
food into opagque containers for storage, and putting their
food on smaller plates. Compliance was evaluated by pill
counts of the bottles returned on each visit. The weight,
pulse, and blood pressure in phase |1 were compared using
the mixed model with repeated measures analysis (SAS
Ingtitute, Cary, NC). The body composition by DXA and
lipids were compared using the Student’s t test. Adverse
events, demographic data, and dropouts were compared by
X test.

Phase 111

At the end of the 3-month double-blind period, al sub-
jects were placed on the dietary herbal supplement and took
two capsules three times per day. The subjects who were
randomized to the dietary herbal supplement in phase Il
remained in phase Il for 3 months. The subjects who were
randomized to placebo during phase Il were continued in
phase Il for 6 months. Subjects were seen monthly during
phase 111. Blood pressure, weight, pulse rate, and any ad-
verse effects were recorded during the monthly visits, and
medi cation was collected and dispensed. At the end of phase
[11, the physical exam, blood tests except thyroid-stimulat-
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Table 1. Baseline characteristics of subjects in the
herbal caffeine and placebo groups

Variable C&E Placebo p
No. enrolled 20 20
Gender NS
Femae 16 17
Male 4 3
Race NS
Black 6 4
White 14 16
Age (years) 46.8 + 2.8 453 + 1.9 NS
BMI (kg/m?) 29.7 = 05 29.6 = 0.5 NS
Weight (kg) 828 + 3.2 832+ 20 NS

The groups were well matched for age, gender, race, and weight.
Values are means = SD. NS, not significant.

ing hormone, electrocardiogram, and urinalysis were re-
peated. Results of phase |11 were descriptive because of the
absence of a control group. Subjects who completed phase
[11 were given a gift of an additional 3-month supply of the
herbal dietary supplement product for home use.

Results

Phase |

All 12 patients completed phase | of the study. The RMR
was 8 = 0.1% (SE) higher when the subjects took the
dietary herbal supplement containing C& E than when they
took the placebo (p < 0.01).

Phase |1

Baseline characteristics of the 40 subjects enrolled in the
two groups in this study were well matched and are de-
scribed in Table 1. Thirty-one subjects completed the study,
12 in the group taking the dietary herba supplement con-
taining C&E and 19 in the placebo group. There was one
withdrawal in the placebo group for a scheduling conflict.
There were eight withdrawals in the C& E group: five were
lost to follow-up, two withdrew consent, and one dropped
out for an adverse event (breast tenderness). The adverse
events are listed in Table 2. The study took place in the
spring. Pollen alergy symptoms were common in both
groups, but there was no statistically significant difference
in the incidence of adverse events between the two groups.
The adrenergic symptoms typically associated with caffeine
or ephedra were not seen in excess of the placebo group.
Thereason for thisisnot clear, but it is possible that the five
patients lost to follow-up in the C& E group may have failed
to return because of adrenergic symptoms. There were no
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Table 2. Number of subjects reporting adverse events
during phase I

Group C&E Placebo p
Respiratory 11 8 NS
Pain 1 3 NS
Gastrointestinal 2 5 NS
Oral 1 4 NS
Genitourinary 0 3 NS
Headache 2 1 NS
Pinched nerve 0 1 NS
Hair loss 1 0 NS
Skin problem 1 0 NS
Neuropsychiatric 1 1 NS
Arrhythmia 0 1 NS

The adverse events seen in the double-blind portion of thistria are
listed as the actual numbers of adverse events for subjects in each
group. The study was conducted in the spring of the year, and
respiratory complaints were common in both groups. There were
no serious adverse events, and there was one dropout as a result of
an adverse event (breast tenderness in the herbal C& E group). NS,
not significant.

serious adverse events in the study, and the only arrhythmia
was seen in the placebo group.

The weight loss in the C&E group was 3.5 = 0.5 kg
compared with 0.8 = 0.5 kg in the placebo group. This
difference was significant as a treatment effect (p < 0.02),
atime effect (p < 0.001), and atime X treatment interaction
(p < 0.001). Percent weight loss is shown in Figure 1.
Compliance during phase 11, measured by pill count, aver-
aged 90%, and there was no difference between groups.

Pulse rate decreased 0.3 bpm below baseline in the C& E
group compared with a 6.6 bpm decrease in the placebo
group. This difference was significant as a treatment effect
(p < 0.03) and atime effect (p < 0.04), but not as atime X
treatment interaction. The slice effects of the time X treat-
ment interaction were significant for pulse differences at 1
(p < 0.04) and 3 months (p < 0.04). While systolic and
diastolic blood pressure dropped 4/1 mm Hg below baseline
at 3 months in the C&E group, there was no significant
difference in blood pressure between the C& E and placebo
groups (p > 0.1).

There was no significant difference between the C&E
group and the placebo group in total cholesterol, HDL-
cholesterol, LDL-cholesterol, or triglycerides at 3 months.

Percent weight loss at 3 months by DXA was 4.8 = 1.5%
in the C& E group compared with 0.9 = 0.8% in the placebo
group (p < 0.02). The percentage fat loss at 3 months,
measured by DXA, was 7.9 = 2.9% in the C&E group

4
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Figure 1: The first 3 months are the double-blind period. Twelve
of 20 subjects in the C& E group and 19 of 20 in the placebo group
completed this portion of the study. The C&E group lost 4.3 =
0.7% of initial body weight compared with 1.0 = 0.6% in the
placebo group at the end of 3 months. This difference was signif-
icant by treatment effect (p < 0.02), by time effect (p < 0.0001),
and by time X treatment interaction (p < 0.01). The time slices
showed significant differences (x) at 2 months (p < 0.01) and 3
months (p < 0.005). At the end of 6 months of treatment with
C&E, the group originally on C&E lost 7.8 = 1.9% of their initial
body weight, and the group originally on placebo lost 7.3 + 1.9%.

compared with 1.9 = 1.1% in the placebo group (p < 0.05).
The percentage loss of lean tissue was 1.7 = 1.1% in the
C&E group compared with 0.27 = 0.9% in the placebo
group, a nonsignificant difference. The C&E group lost less
lean tissue as a percentage of total weight loss compared
with the placebo group, but this difference did not reach
statistical significance (p > 0.2).

Phase 111

Eleven of the 12 subjects in the group originally random-
ized to C&E completed phase I1I, and the subject who
dropped out withdrew consent for reasons unrelated to an
adverse event. Thirteen of the 19 subjects in the group
originaly randomized to placebo completed phase Il1; 1
withdrew consent for reasons unrelated to an adverse event,
3 were lost to follow-up, and 2 withdrew because of an
adverse event (1 for aslow urinary stream and 1 for insom-
nia, irritability, and poor-quality erections). The group that
started on the herba dietary supplement containing C&E
lost 7.8 + 1.9% of their body weight at 6 months. The group
that started on placebo lost 7.3 = 1.9% of their body weight
after 6 months of treatment with C& E. Weight lossis shown
in Figure 1. The weight loss during the open-label period
followed the typica weight loss curve, in which the
6-month weight loss on drug was approximately double the
weight loss at 2 months on the drug. It was anticipated that
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weight loss would plateau at 6 months, based on prior
studies with C& E. Including the open-label phasein thetrial
allowed all patients to have active treatment during the trial
and alowed for the anticipated weight loss plateau at 6
months of treatment to be observed. There were no serious
adverse events and no evidence of toxicity on physical
examination, urinalysis, or blood testing at the end of 6
months of treatment.

Discussion

This study attempted to evaluate the effect of a commer-
cia herbal caffeine and ephedra product on energy expen-
diture, body weight, and safety when used as an adjunct to
aweight loss program. Phase | showed an 8% mean increase
in RMR compared with placebo. It has been shown in a
previous study that mean increase of RMR using 20 mg
ephedrine with 200 mg caffeine is 7% (10). Therefore, this
study confirms, with an herbal dietary supplement, prior
work with pharmaceutical grade C&E.

Phase Il demonstrated the efficacy of C&E to induce
significant weight loss compared with placebo. A power
analysis based on a prior weight loss study done at our
institution predicted that we could detect a 2-kg difference
in weight between the two groups with 83% power, assum-
ing an SD of 2 kg at an « of 0.05, if 12 subjects/group
finished the study. Although the study by Astrup et a. (6)
with pharmaceutical C& E showed greater weight loss, the
placebo group lost more weight as well. This difference
suggests a more vigorous diet and behavioral program su-
perimposed on the C&E intervention than was used in this
study. In this study, the placebo group lost 1% body weight,
suggesting that the difference seen was almost totally at-
tributabl e to the intervention with the dietary herbal supple-
ment containing C&E.

This product contained not only C&E, but also green tea
catechins and other presumably inactive herbs. Green tea
catechins contain epigallocatechin gallate (EGCG), an in-
hibitor of catechol-o-methyl transferase, the enzyme that
breaks down norepinephrine. Dulloo et a. (11,12) have
shown that EGCG is synergistic with C& E in raising energy
expenditure, but the amount of EGCG in combination with
caffeine needed to raise metabolic rate by 4% is 180 mg/d.
Therefore, it is unlikely that the 30 mg/d of green tea
catechin used for this study, only part of which would have
been EGCG, had a clinically significant effect on energy
expenditure or weight loss in this trial.

The herbs other than C&E contained in the supplement
are unlikely to have added to its therapeutic effect. Phenyl-
alanine suppresses food intake at doses >10 g/d (13), but
the supplement contains only 1% of the effective amount.
Phenylal anine combined with other herbs has been shownin
aclinical trial not to promote weight loss (14). Ginseng has
been shown not to affect metabolism during Vo, testing
(15). Chromium has been shown not to affect body compo-
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sition or metabolic rate (16). Zinc deficiency is associated
with stunting in children (17) and decreased taste (18), so
supplementation would not be expected to help in weight
loss. Magnesium, in larger amounts than contained in the
supplement and mixed with potassium, increases postpran-
dia thermogenesis (19), but does not increase oxygen up-
take with exercise (20). Thus, there is no evidence that the
herbs other than C&E in the dietary herba supplement
tested significantly affected weight, appetite, or metabolic
rate.

Theresults of the DXA scans not only confirm the loss of
body weight but also document the loss of body fat. Al-
though there was a suggestion that weight loss with the
dietary herbal supplement containing C&E preserved lean
tissue, this did not reach statistical significance. Preserva-
tion of lean tissue with C& E has been documented to occur
with a pharmaceutical product containing C&E (6).

There was no difference in the fall of total cholesterol,
LDL-cholesterol, HDL-cholesterol, and triglycerides at 3
months between the C& E and placebo groups. The lack of
difference of lipid levels between the C&E group and pla-
cebo group at 3 months may be because of the continuing
weight loss. At the end of 6 months of treatment with the
dietary herbal supplement containing C&E, total choles-
terol, LDL-cholesterol, and triglycerides decreased,
whereas HDL -cholesterol increased. Although there was no
control group at 6 months, the findings are consistent with
those in the 6-month study by Boozer et a. (7).

Although this trial, with its small number of subjects, did
not have the power to detect rare adverse events, there were
no serious adverse events noted. The only adverse event in
this trial that could logically be attributed to catea-
cholamines, arrhythmia, was seen in the placebo group. The
lack of toxicity in thistrial is consistent with other trials of
C&E in both herbal and pharmaceutical forms (4,21) Phase
I11 gives further evidence of safety. There was no evidence
from physical examination, electrocardiogram, blood tests,
or urinalysis of toxicity from a 6-month course of treatment
with the herbal dietary supplement containing C&E.

Obesity is increasing in prevalence despite public health
initiatives that encourage an increase in physical activity
and other lifestyle changes to maintain a healthy weight
(22). Lifestyle modification is clearly necessary to combat
the obesity epidemic, but alone it is insufficient, to which
the rising prevalence figures convincingly attest. Obesity is
also an independent risk factor for diabetes and cardiovas-
cular disease.

A 5% to 10% weight loss has been declared by the United
States National Institute of Health-National Heart, Lung,
and Blood Institute to be medically significant (23). This
study shows a 7.3% to 7.8% weight loss with a dietary
herbal supplement containing C&E. Although there are
several groups that may be medically at risk for adverse
events from taking C&E, most package labels warn these
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individual s to seek medical advice before use. Based on this
study and the other controlled studies with both herbal and
pharmaceutical C&E, the benefits of weight loss seem to
outweigh the risks associated with their use when used
according to the labeling instructions.

Although, on the basis of the foregoing, we concluded
that dietary herbal supplements containing C&E should
remain available to obese individuals trying to control their
weight, the FDA has removed ephedra as a dietary herbal
supplement through a ruling issued in February 2004, mak-
ing ephedra an adulterant. This action was apparently be-
cause of reports of adverse events associated with ephedra
use. Some of these adverse event reports were associated
with ephedra use to enhance athletic performance, a use for
which only single dose trials have been done and a use for
which no risk-to-benefit advantage exists. Because ephedra
has been removed from the herbal dietary supplement mar-
ket, any future use of C&E for weight loss will be off-label
use under medical supervision by physicians prescribing
these drugs.
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