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TO WHOM THIS TOPIC IS OF CONCERN:

I. INTRODUCTION

This information is being provided as a response to the
March 18, 1998, Notice which was published by the FDA in the
Federal Register. 63 Fed. Reg. 13258-59. We understand that
this document will be forwarded, along with information from the
Food and Drug Administration ("FDA"), and the Drug Enforcement
Administration ("DEA"), to the World Health Organization ("WHO")
which will, in turn, prepare a Critical Review document for use
of the Expert Committee on Drug Dependence. These comments deal
with only one of the substances identified in the Notice --
ephedrine.

These comments are sponsored by and made on behalf of the
Dietary Supplement Safety and Science Coalition ("the
Coalition").” The Coalition is comprised of several businesses
in the United States which either manufacture or distribute
ephedrine alkaloid containing dietary supplement products in the
United States and in many other countries. The members of the
Coalition are The Chemins Company, Inc., Enrich International,
Inc., Market America, 1Inc., Metabolife International, Inc.,
Natural Balance, 1Inc. d/b/a Pep Products, Inc., Omnitrition
International, 1Inc., and Starlight International, Ltd. The
address of the Coalition is 1660 Lincoln Street, Suite 1975,
Denver, Colorado 80264. The Coalition's mission includes a
strong commitment to the use of science when addressing an issue
such as this one which involves ephedra.
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IT. THE COALITION'S POSITION

The Coalition's position is that ephedrine should not be
added to any of the Schedules of the Convention on Psychotropic
Substances. The Coalition urges the WHO, the Expert Committee
on Drug Dependence and the Commission on Narcotic Drugs, a part
of the United Nations' Economic and Social Council, not to add
ephedrine to any of those Schedules.

The Coalition urges this position (1) because the weight of
available information demonstrates that (A) ephedrine has
traditionally and safely been used for medicinal purposes, and
currently 1s being used safely for both medicinal and food
purposes, (B) no widespread pattern of abuse of ephedrine exists
in the United States or worldwide, (C) ephedrine is not a
psychotropic substance when used at dosage levels normally
suggested on the labels of products which contain ephedrine, (D)
ephedrine 1is not a substance which meets the criteria of
paragraph 4 of Article 2 of the Convention, and (2) because
ephedrine is not a controlled substance in the United States and
there is no reason to believe that it will be in the reasonably
foreseeable future.

The Coalition is furnishing three new items of scientific
interest as a part of these comments. They are:

[1] April 17, 1998 letter report from Tim Meredith, M.D.,
of Vanderbilt University. Exhibit 1. See page 11 of this
document for a discussion of this report.

[2] April 8, 1998 report from Hauser Laboratories
Services. Exhibit 2. See page 14 of this document for a
discussion of this report.

[3] April 17, 1998 letter report from Science, Toxicology
and Technology Consultants. Exhibit 3. See page 13 of this
document for a discussion of this report.

ITT. SPECIFIC RESPONSES TO THE DATA COLLECTION
QUESTIONNAIRE OF THE WHO

The Coalition does not have any significant amount of
reliable information to furnish in response to Topics 4, 5 and 6
of the Questionnaire. Furthermore, we understand from the FDA
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that the Expert Committee's primary focus will not be on illegal
trafficking in ephedrine, but on the potential for and actual
abuse of ephedrine by overuse. Therefore, the Coalition is
responding to Topics 1-3 only, except as specifically noted.

WHO Question #l1. Availability of the substance (registered,
marketed, dispensed, etc.).

(A) Traditionmal Availability.

Dennis Jones, Ph.D.'s historical data on the historical
use of ma huang or ephedra was well-described by him in an
October 9, 1995 submission to the FDA Committee on Food
Products; his curriculum vitae is attached as Exhibit 4:

"The oldest current record of man's interest in
Ephedra dates back approximately 20,000 years, to the
burial of a Neanderthal individual in what is now Irag
(Lietava, 1992), who was buried with a number of
plants, including Ephedra altissima.

Under the name Ma huang [CHINESE LETTERS],
Ephedra has traditionally been used as an invigorating
tea or infusion with beneficial effects on respiration
in China for more than 5000 years (Stuart, 1979), and
the earliest written reference to its wuse and
properties 1is attributed by some experts to the
Emperor, Shen Nung (circa 3100 B.C.) in what may have
been the first ever Pharmacopoeia, the Ben Cao Chien
(others claim that the Shen Nung Ben Cao Chien did not

appear until about 100 B.C.). This work was
substantially revised and enlarged by Li Shih-Chen
(1596) .

The Indo-Aryans knew Ephedra as an edible plant
that gave strength and happiness, and combated

exhaustion (Mahdihassan, 1981). Though Indo-Aryans
traditionally ©believed that substances conferring
longevity were mainly inorganic, Ephedra was
considered as a food with similar beneficial
properties (Mahdihassan, 1984), and there is strong

evidence that the Rigveda references to soma actually
describe Ephedra juice (Mahdihassan and Mehdi, 1989).
Soma, according to the Rigveda, was the drink of
longevity which was even given to newborn infants;
this Aryan custom was later to be followed by the
Romans, and is still practiced among the Parsee of
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Bombay and in parts of Iran. Lewis and Elvin-Lewis
(1977) also report a long history of use of the dried
stems of Ephedra gerardiana in Northern India and
Pakistan.

Ephedra was wellknown to the Romans, and was
clearly described by Gaius Plinius Secundus in 77 A.D.
(see Rackham et al., 1956-1966) in his Natural
History, a work that encompassed 37 volumes, of which
12 dealt solely with the healing properties of plants!
The herb was apparently not widely used in Europe
after the times of the Romans (Moritz, 1953), though
sporadic references do occur in medieval European
literature; Gerard (1597), for example, refers to
Herba Ephedrae (presumed to be Ephedra fragilis) as
the 'Great shrubbie sea Grape'.

In North America, historical use of Ephedra
species 1s well-documented (Kowalchik and Hylton,
1987; Moerman, 1986; Rose, 1972; Saunders, 1920;
Tyler, 1982).[...]

Traditional wusers of Ephedra herb recommend
dosages that are in excess of those given for
ephedrine or pseudoephedrine in pharmaceutical forms,
and are also very much higher than those recommended
for Dietary Supplements containing Ma huang in the
United States. For example, according to Chinese
reference works (such as Ou Ming, 1989), Ma huang
proper is generally given 3 times daily as a decoction
of 3-10 grams of the stems, corresponding to a daily
range of 112-180 mg alkaloids at the low end to
375-600 mg alkaloids at the high end, assuming that
the Ma huang will contain 1.25% - 2% total alkaloids.

The British Herbal Pharmacopoeia (1983) is
somewhat more conservative, but still recommends a
dose of 1-4 grams 3 times daily (thus 125-500 mg
alkaloids per day), for a herb with a minimum alkaloid
content of 1.25%.

These relatively high dosages may be explained by
the fact that the herb does not behave like pure
ephedrine alkaloids; for example, according to the
British Herbal Pharmacopoeia (1983), Ephedra herb does
not have the marked pressor effect of ephedrine. This
appears to be due to slower absorption of the
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alkaloids from the herb than from pharmaceutical
formulations (Harada and Nishimura, 1981; Reid, 1986),
so there is no sudden rush of ephedrine into the body.
The differences between pure ephedrine and Ma huang
also show up in formal animal safety studies;

Minamatsu et al. (1991) compared pure ephedrine with
an extract of Ma huang, and concluded that the extract
was less lethal. They also noted that while animals

which died after ephedrine administration showed
histological changes in some organs, these changes
were not found in animals which died after large doses
of extract, suggestive of lower classical toxicity.

While most attention has been focused on
medicinal use of Ephedra herb, Tanaka (1976) describes
Ephedra as a food plant, and Katiyar et al. (1990)
report use of parts of the plant as food in some
Himalayan tribes. The USDA (1937) classified Ephedra
as a highly beneficial forage crop, and allowing meat
and milk animals to graze on Ephedra apparently
improves meat and milk quality and quantity as well as
overall health of the animals (Kovacevic et al.,
1974)."

Ephedrine has been available in Germany since 1896 and in
the U.S. since 1926. Chen, K.K., Schmidt, C.F. Ephedrine and
Related Substances (Baltimore 1930). In 1926, ephedrine was
approved for sale 1in the U.S. by the American Medical
Association. The ephedrine-containing herb, Ma Huang (ephedra)
has been used in Chinese medicine for 5,200 years. Larry S.
Hobbs, "Ephedrine + Caffeine = The Ideal Diet Pill," Townsend
Letter for Doctors & Patients, at 62 (June 1996).

(B) Availability in the United States Today

Today, in the United States, ephedrine is legally used as
an ingredient in prescription and OTC drug products for
therapeutic purposes and in a class of foods, called dietary
supplements, for several dietary purposes.

(1) Food Products.

The food products in which ephedrine is primarily used are
a special type of food called dietary supplements. "Dietary
Supplement" is a term defined by Sec. 201(ff) of the Federal
Food Drug and Cosmetic Act ["FFDCA"] of the United States. Sec.
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201(ff) was established by the United States Congress when it
enacted Section 3 of the Dietary Supplement Health and Education
Act of 1994 ["DSHEA"] which became effective on October 25,
1994, Ephedrine, when used in foods, is normally a constituent
of ma huang, an herb, which is also known as ephedra; ephedra
can be sold as a dietary supplement product or as an ingredient
in a dietary supplement product as long as it is not promoted to
prevent, treat, cure, diagnose or mitigate a disease condition.
Each day in the United States, millions of dietary supplements -
tablets and capsules - are so0ld and ingested which contain
ephedra and, consequently, ephedrine. No prior approval or
notice to the FDA, the DEA or any other governmental entity or
agency need be acquired or given before these dietary products

are manufactured, distributed, purchased and used.

Ephedrine alkaloid-containing dietary supplements are made
available to consumers via several marketing channels. They are
sold in:

health food stores

drug stores

mass merchandise retail stores
in kiosks in shopping malls

in mail-order catalogs

* 4+ & 6 o

Also, a large volume of these products are sold directly to
consumers in their homes by multi-level marketing organizations,
also known as direct selling organizations. The wvolume of
ephedrine-containing dietary supplements sold is significant.
At least 50 companies in the U.S. manufacture or distribute
dietary supplements which contain ephedrine alkaloids. One
company alone, Metabolife International, 1Inc. of San Diego,
California, sells 60 million tablets per month of Metabolife 356
-- a product which contains ma huang. This product has an
excellent safety record; no serious adverse health claimsg or
events from abuse, overuse, or any other reason have been
reported about this product. There is no "black market" for
ephedrine alkaloid-containing dietary supplement products
because there is no need for clandestine sales.

The dietary benefits which people experience from consuming
ephedrine-containing dietary supplements are weight management,
which includes weight loss, and a "sense of well-being"; this
latter benefit is sometimes characterized by consumers with
statements such as "I feel more energetic" even though the
effect of the ephedrine alkaloids doesn't arise from calories.
The two health benefits described above are consistent with the
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definitions of "food" and "dietary supplement" in the Federal
Food, Drug and Cosmetic Act.

(2) Drug Products.

Ephedrine is available in prescription and over-the-counter
["OTC"] drug products in the United States. Ephedrine is
present in OTC drug products which are sold in the United States
as bronchodilators to treat asthma and as decongestants to treat
colds. Part 341 of Title 21 of the Code of Federal Regulations
of the United States contains detailed regulations with respect
to those products. Those regulations contain provisions which
address the Indications, Warnings and Directions which must be
on the label of each OTC drug product. For example, 21 C.F.R.
(Code of Federal Regulations) §341.16 and §341.76(d) (1) address
bronchodilator drug products; the latter regulation provides
that the Directions, to a consumer, on the label should contain
this language:

"Adult and children 12 years of age and over: Oral
dosage is 12.5 to 25 milligrams in 24 hours, not to
exceed 150 milligrams in 24 hours or as directed by a
doctor. Do not exceed recommended dosage unless
directed by a doctor. Children under 12 years of age:
Consult a doctor."

By complying with these regulations, no pre-market approval from
the FDA is required for these OTC drug products. The daily
amount of ephedrine permitted in an OTC bronchodilator drug
product far exceeds the amount of ephedrine alkaloids which
would be ingested if the suggested or recommended usage language
on a typical dietary supplement container was followed. See
Exhibit 5 which is a label from Metabolife 356, a typical
dietary supplement.

(C) Legal Status of Ephedrine in the United States

(1) Controlled Substances.

Ephedrine 1is not a controlled substance in the United
States; furthermore it 1is not regarded by the DEA as an
immediate precursor of methamphetamine which is a controlled
substance, or of any other controlled substance. The statutes
of the United States define "controlled substance" at 21 U.S.C.
§802(6). That statute reads:
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The term "controlled substance" means a drug
or other substance, or immediate precursor,
included in schedule I, II, III, IV, or V of
part B of this subchapter.

These five schedules of controlled substances are a part of 21
U.s.C. §812. In the United States, there are three criteria
which must be considered when determining whether to place a
substance on one of the five schedules. 1In general, a substance
should and can be placed on an appropriate controlled substance
schedule if it has a potential for abuse and the abuse of it or
another substance may lead to at least a limited physical or
psychological dependence relative to other scheduled substances.
The placement of a particular substance depends on the level of
potential for abuse, the level of potential dependence caused by
the substance and the extent of its medical use in treatment in
the United States.

These U.S. laws which govern the manufacture, distribution
and use of controlled substances and listed chemicals had their
origin with Congress' enactment of the Comprehensive Drug Abuse
Prevention and Control Act of 1370. Many additions to that law

have occurred since 1970. A comprehensive set of federal
administrative regulations have been issued which implement
those statutes. Those regulations are contained at Title 21,

Parts 1301-1316 of The Code of Federal Regulations.

In the United States, one of the federal appellate courts,
when interpreting the U.S. 1laws on controlled substances,
clearly described the core analysis which should be engaged in
when trying to decide whether a substance should be scheduled as
a controlled substance:

"The applicable law is cogently set out by Judge
Butzner in Carter-Wallace, Inc. V. Gardner, 417 F.24
1086 (4th Cir. 1969), in which Carter-Wallace, Inc.
attacked a Food and Drug Administration order
subjecting meprobamate to control as a depressant
drug. The court stated: "in selecting 'potential for
abuse' as one of the criteria for subjecting a drug to
special control, the House Committee did not intend
this to be determined on the basis of the drug's
having a potential for isolated or occasional
nontherapeutic purposes. Instead, the committee
recommended that a drug's potential for abuse should
be determined 'on the basis of its having been
demonstrated to have such depressant or stimulant
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effect on the central nervous system as to make it
reasonable to assume that there is a substantial
potential for the occurrence of significant diversions
from legitimate drug channels, significant use by
individuals contrary to professional advice, or
substantial capability of creating hazards to the
health of the user or the safety of the community.'"

(2) Ephedrine ig a listed chemical only.

Ephedrine is a "listed chemical” only. 21 C.F.R.
§1310.02(a) (3) lists "ephedrine, its salts, optical isomers, and
salts of optical isomers" as List I chemicals. Ephedrine has
been assigned 8113 as its DEA Chemical Code Number.

A List I chemical is defined at 21 U.S.C. §802 (34) as
being "a chemical specified by regulation of the Attorney
General as a chemical that is used in manufacturing a controlled
substance in violation of this subchapter and is important to

the manufacture of the controlled substances..." Because
ephedrine is a List I chemical, its manufacture and distribution
is regulated by the DEA. 21 U.S.C. §88§822-827 require most

persons who manufacture or distribute a controlled substance or
a List I chemical to register annually with the United States
Attorney General. Also, each regulated person, as defined by 21
U.S.C. §802(38) who engages in a regulated transaction involving
a listed chemical must keep a record of the transaction for two

years after the date of the transaction. 21 U.S.C. §830(a).
Violations of the United States laws with respect to listed
chemicals are set out at 21 U.S.C. §841(d), (f) and (g).

(3) Proposed FDA Requlation.

The FDA, in June of 1997, proposed a regulation which would
impact the availability to consumers of dietary supplements
which contain ephedrine alkaloids. 62 Fed. Reg. 30678. Most
importantly, for the purpose of the issues being addressed in
these comments, the regulation would permit the continued
manufacturing, distribution and sale of dietary supplements

which contain ephedrine alkaloids. The proposed regulation,
however, would: (1) limit the amount of ephedrine in a single
serving to less than 8 mg; (2) 1limit the daily intake of

ephedrine to less than 24 mg; (3) prohibit the combination of
ephedrine and substances that have a known stimulant effect,

such as caffeine; (4) prohibit the use of dietary supplements
containing ephedrine for long-term use; and (5) require certain
warnings and statements on the package label or labeling. This
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Coalition and hundreds of other persons filed objections to that
proposed rule. The Coalition's comprehensive written response
focused on the lack of valid scientific data for many provisions
of this proposed regulation.

The period for filing comments about that proposed
regulation closed in early December of 1997. The FDA has not
yet indicated whether it intends to issue that regulation or a
modified one, to pursue some other administrative course of
action, or to withdraw the regulation entirely.

WHO Question #2. Extent of abuse of the substance
[ephedrinel]

There is some abuse by overuse of ephedrine by persons in
the United States. By "overuse," we mean the act of a consumer
which results in his or her ingesting more than the quantity
recommended or suggested on the product label in an effort to
obtain some perceived benefit. We believe that the amount of
that abuse is very small when compared with the volume of
ephedrine-containing prescription and OTC drug products and
dietary supplements which are consumed without abuse in the
United States. The Coalition strongly believes that there is no
compelling evidence or other satisfactory basis for the Expert
Committee or the WHO to make either of the findings required by
Paragraph 4 of Article 2 of the Convention or to make any
recommendation about ephedrine being a controlled substance to
the Commission. Paragraph 4 states:

"4, If the World Health Organization finds:

(a) That the substance has the capacity to produce
(i) (1) a state of dependence, and

(2) central nervous system stimulation or
depression, resulting in hallucinations or
disturbances in motor function or thinking

or behaviour or perception or mood, or

(1i) similar abuse and similar ill effects as a

substance in Schedule I, II, III or IV, and

(b) that there is sufficient evidence that the substance
is being or is likely to be abused so as to constitute a
public health and social problem warranting the placing of
the substance under international control,

the World Health Organization shall communicate to the
Commission an assessment of the substance, including
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the extent or 1likelihood of abuse, the degree of
seriousness of the public health and social problem
and the degree of usefulness of the substance in
medical therapy, together with recommendations on
control measures, if any, that would be appropriate in
the light of this assessment."

(A) REASONS FOR COALITION'S POSITION

(1) If ephedrine abuse from intentional overuse was or is
a significant problem in the United States, both the FDA and DEA
would have taken swift regulatory measures to attempt to prevent
or curtail this abuse and would seek Congress' help 1in
classifying ephedrine as a controlled substance. Neither
federal agency has done so.

This same concept of abuse is an integral part of the
controlled substance statutes of the United States. See
previous Sec. (C) of Part III [in response to Question #1] of
this document. As previously pointed out, ephedrine is not a
controlled substance in the United States, but is a listed
chemical. When Congress made that determination, it decided
that ephedrine is important to the manufacture of a controlled
substance, but it did not decide that ephedrine had a potential
for abuse or that it had the capacity to produce a state of
dependence.

(2) The Scientific Perspective.

According to Dr. Tim Meredith, Director of the Center for
Clinical Toxicology at Vanderbilt University Medical Center,
ephedrine is not a psychotropic substance except in extreme
circumstances and, in light of the requirements of paragraph 4,
Article 2 of the Convention, should not be recommended for
inclusion on one of the Convention's schedules of controlled
substances. He states:

"In my view, ephedrine is not a psychotropic
substance as defined in paragraph (e) of Article 1 of
the Convention, nor do I believe that it should be
categorized as such. Ephedrine does not, in my view,
meet the requirements of paragraph 4(a) of Article 2
of the Convention.

Ephedrine is a mild central nervous system
stimulant with a potency, at normal therapeutic doses,
similar to that of caffeine. My review of the
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scientific literature has not revealed a pattern of
systematic overuse or abuse of ephedrine, or a
tendency to produce a state of dependence. Rarely,
ephedrine may cause psychosis, but wusually in the
context of chronic, excessive (non-therapeutic)
dosage. The pharmacological properties of ephedrine,
and the potential for abuse, are either very different
or of a different order of magnitude from those of
each of the substances currently 1listed in the
Schedules of the Convention.?

See the attached letter dated April 17, 1998 from Tim Meredith,
M.D., Exhibit 1.

Except in people who already have a history of drug abuse,
ephedrine appears to have a quite low potential for abuse. Larry
S. Hobbs, Ephedrine & Caffeine: The Jdeal Diet Pill? (3rd ed.
June, 1996) at 18. L.D. Chait found that ephedrine did not
affect ratings of drug liking in a group of patients without a
history of drug abuse, and noted that there is 1little
epidemiological or anecdotal evidence of [ephedrine] abuse,
despite the fact that the substance is widely available over the
counter a [and by mail] and even sometimes advertised as a
"legal" stimulant. Chait, L.D. T"Factors influencing the
reinforcing and subjective effects of ephedrine in humang."
Psycholopharmacology 113(3-4): 381-387, 1994. Chait goes on to
observe that the profile of ephedrine's subjective effects are

similar to that of other mild stimulants, such as caffeine. In
particular, repeated doses and prolonged administration of
ephedrine show no cumulative effects. Hobbs 2 at 14, citing

Reynolds, J.E.F., ed. Martindale: The Extra Pharmacopoeia (30th
ed. 1993).

Ephedrine is 5 to 10 times less potent than amphetamines.
Although ephedrine's chemical structure is amphetamine-like, its
effects are much less potent than amphetamines. Ephedrine is
about 5 times less potent than amphetamines in raising systolic
blood pressure, 10 times less potent in raising diastolic blood
pressure, and 10 times less potent in disturbing sleep. Martin,

W.R., Sloan, J.W. et al. "Physiologic, subjective, and
behavioral effects of amphetamine, methamphetamine, ephedrine,
phenmatrazine, and methyphenidate in man." Clinical

Pharmacology and Therapeutics 12(2): 245-258, 1971. One study
even found relaxation to be a more prominent symptom than

nervousness in subjects taking ephedrine.
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WHO Question #3. Degree of seriousness of the public
health and social problems associated with abuse of the
substance.

We have found no information that suggests that there is
any public health or social problem associated with abuse of the
product by overuse.

We recognize that substantial public safety and public
health problems arise from the wuse and trafficking of
methamphetamine, also called "crank". Television "specials" and
valid law enforcement reports detail the depth of the social
problems involved in and arising from the "cooking" and use of
"crank." We also acknowledge that these desperate people use
ephedrine to manufacture this illegal drug and that the source
of ephedrine is pure ephedrine either stolen or obtained by
purchasing, in large volume, products masquerading as legitimate
OTC drugs or as legitimate dietary supplements. The right way
to deal with this supply problem is to do exactly what U.S. law
enforcement authorities are doing. They are taking enforcement
action against unscrupulous vendors and imposing regulations
which will make it wvirtually impossible for illicit drug
products to acquire large volumes of pure ephedrine products.

(A) Ephedrine alkaloidg in dietary supplements are not a
precursor to amphetamines. Only pure USP grade ephedrine 1is
used in the manufacturing of amphetamines and similar controlled
substances. Dietary supplements are very rarely used, if ever,
to make amphetamines or other controlled substances because (1)
it is apparently chemically impossible or at least, extremely
difficult to do so and (2) because it would cost too much to do
so even 1f it could be done. A recent attempt by a
well-respected scientific lab trying to make amphetamines from
dietary supplements containing ephedrine did not succeed in that
effort. Metabolife International, Inc. hired Hauser Laboratory
Services to "attempt to produce methamphetamines from the
Metabolife 356 using the 'street' method published in The
Journal of Forensic Sciences, Vol. 40, No. 4, July 1995." Each
tablet contained an average of 13.1 mg. of ephedra alkaloids,
with the contents of the 12 bottles of #356 resulting in
approximately 1.3 kg of starting material. The report from
Hauser states:

The material was extracted into methanol and the
extract was reacted with red phosphorus and hydriodic
acid for five hours. The resulting mixture was
basified and extracted into freon. The freon was then
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acidified using hydrogen chloride gas. This should
have resulted in the production of methamphetamine
crystals; however it formed a black tar like material.
The material was tested by Gas Chromatography/Mass
Spectroscopy (GC/MS) and found to contain mostly
ephedra alkaloids and caffeine; the presence of
methamphetamine was not detected.

A copy of the Hauser test report is attached as Exhibit 2.

(B) To the best of our knowledge, no legal authority has
ever found and seized an illegal lab that was using ephedrine
alkaloid-containing dietary supplements to produce
methamphetamine or another illegal controlled substance. As
demonstrated by the Hauser report, the complex matrix of herbs
in such products does not permit conversion to produce pure
ephedrine, which in turn would have to be converted into
methamphetamine. See the letter from Simone Derayeh of Science,
Toxicology and Technology Consultants which is attached as
Exhibit 3.

(C) Dietary supplements which contain ephedrine alkaloids
are not 1likely to be purchased by drug dealers for their
ephedrine content because (1) the relative high cost of these
products even if they were purchased on a volume discount basis
and (2) the relatively low amount of ephedrine alkaloids in each

bottle of supplements. In a typical bottle of 60 tablets, at
12.5 mg. of ephedrine alkaloids per tablet, only .75 gram of
ephedrine alkaloids are present. Since the retail price of a

typical bottle of 60 tablets is in the $20.00 to $40.00 range,
other sources of ephedrine are sought and used by those who
engage in drug manufacturing.

(D) The few ephedrine-related deaths per year in the U.S.
are not evidence that ephedrine is, itself, a "dangerous drug."

Overall, these ephedrine - related deaths need to be put in a
larger perspective. For example, in the United States, there
were 15 such deaths between 1993 to mid-1996. Yet every year
400 <children die 1in bike accidents, 500 people die from
contaminated hamburgers, and 400,000 people die from
smoking-related causes. Larry S. Hobbs, Ephedrine & Caffeine:
The Tdeal Diet Pill? at 14 (3rd ed. June, 1996). "This means

that more people die every year from eating hamburgers than have
died in the last 100 years from taking ephedrine. . . ."

Another significant contrast arises from medical
statistics published on April 15, 1998 in a leading scientific
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journal. A new study concluded that "more than 2 million
Americans become seriously ill every vyear because of toxic
reactions to correctly pregscribed medicines taken properly, and

106,000 die from those reactions." Rick Weiss, "Drug Side
Effects Take Deadly Toll," The Denver Post, at 2A (April 15,
1998) (reprinted from The Washington Post). That number makes
drug side effects at least the sixth most common cause of death
in the U.S., and perhaps even the fourth. The comprehensive

study, appearing in the April issue of the Journal of the
American Medical Association, suggests that 1 in 15 hospital

patients in the U.S. m"can expect to suffer from a serious
reaction to prescription or over-the-counter medication, and
about 5 percent of these will die from it." This study "is
stronger than previous ones because it looks only at cases in
which drugs were taken correctly. Previous hints of similarly

high side-effect rates had been attributed in large part to
people getting the wrong medicines or taking them in the wrong
doses." (emphasis added). That is, readily available drugs,
not dietary supplements, taken in correct doses (not overused or
in overdoses) cause a staggering 106,000 deaths per year. See

David Bates, M.D. "Drugs and Adverse Drug Reactions: How
Worried Should We Be?" JAMA (April 15, 1998), Vol. 279, No. 15,
page 1216; Lazarou et al., "Incidence of Adverse Drug Reactions

in Hospitalized Patients," JAMA (April 15, 1998), Vol. 279, No.
15, page 1200. Articles attached as Exhibit 6.

CONCLUSION

In conclusion, ephedrine is not a controlled substance in
the U.s. today, nor should it be internationally.
Ephedrine-containing products (both OTC drugs and dietary
supplements) are readily available on the open market. The few
cases of overuse of an ephedrine-containing product are isolated
incidents, and do not demonstrate any significant or real
potential for widespread abuse. In short, there is no medical,
psychological, chemical, or legal reason for ephedrine to be
recommended as a controlled substance, either nationally or

internationally.
Yours very truly,
y: James R. Prochnow
Legal Counsel for the Coalition
JRP/sjm
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TIM MEREDITH, M.D.
VANDERBILT UNIVERSITY MEDICAL CENTER
Director, Center for Clinical Toxicology
Professor of Medicine and Fathoclogy
Center for Clinical Toxicology
501 Oxford House
1161 21st Avenue South
Nashville, Tennesses 317232-4632
Phone: &15) 93&6-0760
Fax: (615) 936-075&

E-mail: tim.meredithemcmail .vanderbilt.edu

April 17, 1998

Re: FDA Docket No. 98N-0148
Int'l. Drug 8Scheduling Notige

To Whom It May Concern:

I hsve read the above-referenced Notice and pertinent
sactions of the Convention on Psychotropic Substancea (1971). I
have been asgked by the Dietary Supplement Safety and Science
Coalition ("the Coalitjon") to respend to the Food and Drug
Administration's notice of opportunity to provide data, comments
and other information on whether ephedrine, among others, should
be included in the Convention's Schedules of psychotropic
substances.

Tn my view, ephedrine is not a psychotropic wsubstance as
defined in paragraph {e) of Article 1 of the Convention, nor do I
believe that it should be categorized as sauch. Ephedrine does
not, ip my view, meet the regquirements of paragraph 4(a) of
Article 2 of the Convention.

Ephedrine is a mild central nervoue system gtimulant with a
potency, at normal therapeutic doses, similar to that of
caffeine. My review of the scientific literature has not zrevealed
a pattern of systematic overuse or abuse ¢f ephedrine, or a
tendency to produce a gtate of dependence. Rarely, ephedrine may
cauae pychosis, but usually in the context of chronic, excessive
{non~therapeutic) dosage, The pharmacological properties of
ephedrine, and the potential for akuse, are either very different
or of a different order of magnitude from those of each of the
substancea currently liasted in the Schedules of Lhe Convention.

Very truly yours,

~

o~

)

Tim Meredith, M.D.
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April B, 1998
Test Report Ne¢. C8-0730
Page 1 of 1
Metabolife International Inc.
5070 Santa Fe Street
San Diego, CA 92109

Attn: Mike Ellis

One case of Metabolife Dietary Supplement 356 was received March
23, 1998, The label listing the ingredients in this product is attached.

It was requested that we attempt to preduce mathamphetamines from
the Metabolife Dietary Supplement using the “street” method published
in The Journai of Forensic Scisnces, Vol, 40, No. 4, July 1995,

The tablets were initially analyzed for ephedra content by High
Performance Liquid Chromatography (HPLC). Each tablet was found to
contain 13.1 mg/tablet on average of ephadra alkaloids.

The contents of the 12 botties of Metabolife Dietary Supplement 356
were ground resulting in approximatety 1.3 kg of starting material
(13.7 g ephedra alkaloids}. The material was extracted intc methancl
and the extract was reacted with rad phosphorus and hydriodic acid for
five hours. Thae resulting mixture was basified and extracted into freon.
The freon was then acidified using hydrogen chloride gas. This should
have resulted in the production of methamphetamine crystals, howevsr
it formed a black tar like materiai. The material was tested by Gas
Chromatography/Mass Spectroscopy (GC/MS) and found to contain
mostly ephedra  alkzlpids and caffeine, the pressnce of
methamphetamine was not detected.

The procedure described above was performed according to the method
published in The Journal of Foransic Sciences, Voi. 40, No 4, July
1995, titlad “Ephedra’s Role As a Precursor in the Clandestine
Manutacture of Methamphetamine” by K.M. Andrews. Based on our
analysis, it does not appsar that this published method cen be used to
make methamphetamine from Metabolife's Dietary Supplemant 3%56.

REPORT REVIEWED BY:

Chemist

This rapert spplies cnly 16 e sample, O samples, invastgaled and 3 not necassarily indicalive of the quality of canditicn of apparendy lacrlical o simier
producis. As a mutual pralcction te clents, (ne public and theze Laboretoriat, thig 1eROIT 'S SUBMINEQ And sccested for the axclusive ute of e client B whom
s addrested and LEOn ™E cordilion ML 4 & AT 13 e ysad, N whole or in DRrL :~ ARy Adverlising or publicily MallRr witha )’ prior written a.Mhorizstion kam
Hagser Laboratories. This report may be copled only i s enlirety

Hauser Labaratory Servicas » 5555 Airpon Bivg, o Bou'der, CO 80301-2339 » Ph: (800) 241-2322 » FAX: (303) 44-5803
Hauser Enginesring Servicas » 4750 Nautitus Ct. So. » Boulder. CO 80301-3240 = Ph: {303) 581-C079 * FAX: (303) 581-0193

<
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LOCUMENTS & INFGAMATION RESEARCH.
U1 MA. MILLER 800.748-4636

PHARMACOLOGYTOXICOLOGY:
0 DR ALORICH T DR SNQDGRASS

GENERAL MEDICINE, MEDIGAL CONSULTATION:
11 DRl STRAUSS: 310.454.4004 FAX.390.454-3758 CONSULTANTS

(ENERAL INFORMATION & CONSULTING:
O MICHAEL SCOTT: £15.441-2163 8008604636

April 17, 1998
Via Facsimile' (303) 894-9239

Mr. James Pruchaow

Patton Boggs

1860 Lincoin Street, Suite 1875
Denver, CO 80264

Subject: Ephedrine as a Precursor to Methamphetaminc
Dear Mr. Prochnow,

Per your request, | have done some research in scientitic fiterature for any references to the synthesis of Methamphelanwine
using ephedrine, specifically the ephedrine alkaloids present in dietary supplemeris that contain Ma Huang.

Ma Muang piant is the natural source of Ephedrine in herba! supplements and the Merck Index states thet the plant contains
0.75% to 1% ephedhiing alkalnids.

Ephedrine can He reduced to yield Methamphetamines in the presence ot Hydriodic acid and red phosphorus (Skinner, H.F.
1890. Forensic Science Intemational and Andrews, K.M. 1895. Joumnal of Forensic Sciences). The reduction reaction also
requires other chemicals such as freon gas, several acids and bases, and some formn of alcohol for extraction. Nevertheless,
| was unable to find any scientific reference to such production using an herbal dietary suppiement as the substrate
(conversely | have information from Hauser labs 1o the contrary).

If possible (which has not yet been praven to our lab specialists). the process of isolating Ephedrine trom these dietary
supplements would need additional steps, reactions, compounds and equipment. The complex malrix of these
supplements, presence of various other compounds and the small amount of Ephednne alkaloids (approximately 12 mg on
averageablet) in each tablet makes the synthesis extremely labor intensive for even the best of the professionally equipped
labs Additionally, the high cost of these supplements and the other compounds required in the reaction makes the method
highly improbatle and/er uneconomical.

We were also unable 1o find any record or reference to any lab(s) having been busted in the past for such methods of
Methamphetamine synthes:s.

Please cantact me if you require further search far inforration in this matter

Kind Regards,

\

\ i
S \ ‘
\ \
LA : X
N
Vo

ML
. LAY _r\
{

Simone Derayeh
Research Associate

' SCIENCE. TOXICQLOGY & TECHNOLOGY = ‘

n ADMINISTRATIVE ADDAESS « P.O.BOX 181638 = SANDIEGO, CALIFORNIA 92178 « (619) 5280221 - (800) 868-4636
O SAN FRANCISCO ADDAESS « P.O. B OX 470116 » SAN FRANCISCO, CALIFORNIA 93147+ (415)441-2163  » (800} 86S-4636
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EXECUTIVE SUMMARY OF RESUME:

Dr. Dennlis Jones
NAME: Dennis Jones BORN: 20 July, 1941
NATIONALITIES: Canadian, British

ADDRESSES, PRIVATE:

1411 rue du Fort, #2311 3 Quail way

MONTREAL, Quebec SHELBURNE, Vermont 05482
Canada H3H 2N7 U.S.A.

Tel: (514) 862-1411 . (802) 985-4063

Fax: (514) 862-1297 (802) 985-4073

ADDRESSES, BUSINESS:

Bariatrix International Inc. Spencer-Jones Inc.
1600 46th Avenue 40 Allen Road 19 Donegani Avenue
LACHINE, Quebec SOUTH BURLINGTON POINTE CLAIRE, Quebec
Canada H8T 3J9 Vermont 05403 Canada HI9R 2V6
Tel: (514) 637-5887 (802) 862-9242 (514) 983-8555

(800) 361-3681 (800) 468-3438

Fax: (514) 637-8526 (802) 862-9306

QUALIFICATIONS: LANGUAGES:

M.A. (Cantab.), Ph.D. (Cantab.), English, Dutch, German, French;
C.Chem, FRSC(UK), MCIC, basic knowledge of other
C.Biol, M.I.Biol, MBIM Germanic and Romance languages.

EDUCATION, SCHOOL (PRIMARY/GRAMMAR):

1947 - 1951 Heygarth Road [Passed the 11+ examination
Primary School, Eastham, at the age of 9 years]
Cheshire (GB). _

1951 - 1960 Wirral Grammar [General Certificate of
School for Boys, Bebington, Education (N.U.J.M.B)]
Cheshire (GB).

‘0’ levels, 1957, 'A'/'S' levels, 1959/1960,
8 subjects:- Mathematics, 5 subjects:- Mathematics,
Physics, Chemistry, English Physics*, Chemistry*,
Language, English Literature, Biology, General Studies
German, Latin, Geography. with Spoken English.

(* = distinction)

State Scholarsﬁip awarded in 1959; Open Exhibition to Downing
College, Cambridge, awarded in 1959.
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Dennis Jones

Dr.
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EDUCATION, UNIVERSITY:

present

University of Pathology, Physiology, Chemistry.

1960 - 1963

Cambridge, Downing College

(as undergraduate). B.A. (Cantab), 1963

1963 - 1966 University of H.E. Durham Scholar; British Egg

Cambridge, Downing College Marketing Board Scholar.

(as Research Student). M.A. (Cantab), 1967; Ph.D., 1971.

CAREER: ‘

1960 - 1962 Part-time Assistant, Margarine and Edible 0Oils Section,
Unilever Research Ltd.

1963 - 1966 British Egg Marketing Board Scholar, Department of
Pathology, University of Cambridge.

1966 - 1971 University Demonstrator in Nutrition and Food
Chemistry, Department of Applied Biology (formerly
School of Agriculture), University of Cambridge.

1971 - 1975 Head of the Anti-atherosclerosis Programme,
Organon International B.V., 0Oss, Holland.

1975 - 1977 Head of Miscellaneous Projects,
Organon International B.V., Oss, Holland.

1978 - 1979 Head of Miscellaneous and Exploratory Objectives,
Organon International B.V., Oss, Holland.

1979 - 1980 Director of Research, Laboratoires UPSA,
Rueil-Malmaison, France.

1980 - 1984 Executive Director, POS Pilot Plant Corporation,
Saskatoon, Saskatchewan.

1984 -~ 1986 Director of Research, Development and Quality
Control, Frank W. Horner Inc., Montreal, Quebec.

1986 to President, Spencer-Jones Inc., Pointe Claire, Quebec.

present

1991 to Vice President Scientific and Commercial Development,

present Bariatrix International Inc., Lachine, Quebec.

1992 to President, Fytoresearch Inc., Lachine, Quebec.

present

1993 to President, Weight Exchange Inc., Shelburne, Vermont.
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Dr. Dennis Jones

TEACHING EXPERIENCE:

University: Organic Chemistry, Supervision of Practical Classes
(1963 - 1964); Organic Chemistry, College Lecturer,
Emmanuel College (1964 - 1970); Supervisor, Chemistry,
Fitzwilliam College (1967 - 1970); Morbid Histology,
demonstrations in practical classes (1963 - 1966);
Bacteriology, demonstrations in practical classes (1963
- 1966); Nutrition and Food Chemistry, lecturing and
demonstrating in Tripos courses (1966 - 1971).

.Technical Chemistry for Bakers and Confectioners (1964 - 1966);

College: Microbiology for Bakers and Confectioners (1965 -
1966); Biology for Laboratory Assistants (1965 - 1966);
Chemistry for Printers (1964 - 1966); Science for
Hairdressers (1965 - 1966); Biochemistry for Medical
Technicians (1968 - 1970).

OTHER EXPERIENCE:

Examiner and sometime awarder for Cambridge Local Examinations
Syndicate in 'A’' level Chemistry (1964 - 1970), 'A’' level Biology
for Oxford and Cambridge Joint Board (1967 - 1970), and Nuffield
Physical Science for College Entrance and Awards (1968).
Sometime abstractor for Nutrition Abstracts, Abstracts of World
Medicine, Chemical Abstracts, Derwent Publications Ltd.
Free-lance translator. UNESCO collaborator.

Consultant (past & present) to various companies, Governmental
agencies and Governments in matters relating to technology
transfer, management of technology, innovation and new product
development. Developed software for nutritional evaluation, CAD
software for food and nutritional product development, and
interactive software for project evaluation.

COMMITTEES:

Past Chairperson, Expert Committee on Plant Products;

Member, Expert Committee on Plant Products;

Past Member, Canada Committee on Food;

Member, Expert Committee on Human Nutrition;

Past Member, Saskatchewan Council for Biotechnology;

Past Member, Saskatchewan New Technology Council;

Past Member, Research and Technical Committee of the
Canola Council of Canada;

Past Member-at-large, AOCS Protein and Co-Products

Section Committees;
Past President, Saskatoon Opera Association;
Past Member, Board of Directors, Saskatoon Symphony Society.
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Dr. Dennis Jones

PROFESSIONAL AND LEARNED SOCIETIES:

Fellow of the Royal Society of Chemistry;

Member, Chemical Institute of Canada;

Member, American Oil Chemists Society;

Member, Institute of Biology;

Member, British Institute of Management;

Member, Canadian Institute of Food Science and Technology;
Member, Canadian Pharmaceutical Association

Member, American Society of Pharmacognosy. -

PUBLICATIONS: HOBBIES:

67 scientific or technical, Music (singing opera), wine
numerous popular articles making, brewing, shooting,
and radio/TV shows. fishing, countryside, cars,

conservation, reading.

SYNOPSIS:

Formal training in Medical and Life Sciences, Chemistry and
Management. Considerable training, experience and interest in
Nutrition, Nutritional Pathology, Pharmacology, Food Science and
the Management of Technology, in particular in relation to the
Agriculture, Food, Pharmaceutical and Chemical Industries.

Significant experience in Systems Analysis and competent in
Assembly Language programming of PC-compatible computers based on
CPUs from the 8086 family (8088 up to 80486). Designed and
developed commercial software packages and utilities.

Some experience in Patents and Licencing. Wide range of
scientific interests, not confined to the bounds of the formal
training. Aptitude for linguistics and for commercial aspects of

technologically-based industries.

Revised 30 September, 1994.
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Dr. Dennis Jones

ADDENDUM: INFORMATION ON
R-JONES INC.

»
O
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m

SPENCER-JONES INC.

19 Donegani Avenue
POINTE CLAIRE, Quebec
CANADA HI9R 2Vé6

Spencer-Jones has provided services to the food, agriculture and
pharmaceutical industries and to various Government agencies and
departments in the areas of technology transfer, scientific public
relations, product development, strategic long range planning,
management of R & D, project evaluation and appraisal.

In addition, the company has developed proprietary and novel
procedures for the computerization of project evaluation in R and/or
D based industries, software for nutritional evaluation of diets, and
supplies customized software packages, adapted specifically to
¢clients' needs, on request.

Achievements of the company cannot be described in detail, due to
clients' requirements of confidentiality, but have included:

A] Development of a range of dietary health care products on behalf
of clients, now successfully marketed;

B] Development of novel pharmaceutical formulations;

C] Development of new technology for the manufacture of novel food
substances;

D] Liaison with Regulatory Agencies, resulting in a number of
approvals for new food and pharmaceutical products;

E] Implementation of in- and out-licencing procedures for food and
pharmaceutical companies, including product acquisitionmns;

F] Planning and implementation of "scientific PR" activities for
clients, resulting in wide-spread media attention for their

products and services;

G] Appearance as an expert witness in litigation proceedings and
intellectual property disputes on behalf of clients.

Under the terms of the agreement with Bariatrix, all
activities in the Food and Nutrition area are now handled
exclusively through Bariatrix.
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SUGGESTED USE: As a Dietary supplement, osally,
adulls, ONE to TWO caplets two to tiwee times per day,
or every four hours, on an emply stomach one hour
before meals. DO NOT EXCEED EIGHT CAPLETS PER
DAY.
CAUTION: AS WITH ANY DIETARY SUPPLEMENT,
SEEK ADVICE FROM A HEALTH CARE PRACTITIONER
'RI0R TO USE IF YOU ARE PREGNANT OR NURSING,
JA IF YOU HAVE HIGN BLODD PRESSURE, HNEART
OR THYROIO DISEASE, DIABETES, DIFFICULTY IN
URINATION DUE TO PROSTATE ENLARGEMENT, OR
IF TAKING A MAQ INHIBITOR DR ANY OTHER
PRESCRIPTION DRUG, OR INTEND ON TAKING TO
REDUCE WEIGHT. REDUCE IF NERVOUSNESS,
TREMOR OR NAUSEA OCCUR. NOT INTENDED FOR
USE BY PERSONS UNDER THE AGE OF 18. KEEP
OUT-OF THE REACH OF CHILDREN.

*Based on multi-species chinical laboratory testing.

Dletary Supplement 356
lerbal formula to enhance your

DIET

and provide

RA
Bt
90 Caplets  *SAFE;

"D
Energy ;4,’,‘38~nsm,,

TORy
FOR
*

' Supplement Facts

Servmg Slie  Caplet
Amount Per Serving

Vilwmin E...

W(
Znc (o 2w Cheldata} ...
Chromium (Is Chwomium lehalu) 75 mq

Propieiary - 720 mg

Gulnm(:anunlr (and) et ams et prae bR

* Daiy Vakse not estabishod

www shica, croscamelons sodkm,
ragnesum Fonale.

Mc!almll!‘c Interpational, Inc.
5070 Santa Fe Sireet San Diego, CA 92109
{619) 490-5222

o
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Supplement Facts i
~ Serving Slze t Caplot
N : VR Evvecoro oo oo T 20%
o] L. 5 Magnesium (as Magneslum Chelatn).....75 mg............... 18%
g Zinc (as Zinc Chelale).... Y. B— 33% !

‘L < Chromlum (as Chromium Pk:olmale) 15 11711 T 62% :

i M

o " Proprigtary Blend.............oceoveeenimnnnune. 728 mg
0] G‘l:‘a:’rana Conce;ylralo (seed)....'.',,iﬁ..s ................................. ¢

mg naturally-occurring calfeine
Dletafy Supplement 356 Ma Huang Concontrale {(aorial panl)............eemeeccncncvensans '
{12 mg npturally-occuming o| rinos)

Boe Pollon.........cicmiii it '
Gi OO0 cvcec e e nre e en s na b v s s et *
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c . Lacnhin ................................................................................ *
= Boving COMPIOX.........c.cocoeirnimimiamre s iesreennaniecaeas A ¢ ]

. Damiana ‘haat) .................................................................... . %
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veillance. Children are overrepresented as vietims of inci-
dents involving DEG-adulterated medication. Parents were
only treating the minor fevers ard illnesses that children com-
monly get with aknown, “safe,” over-the-counter medicine. It
never occurred to them that such a routine act could be ac-
companied by a lethal outcome. This disaster portrays a be-
trayal of the basic trust between caregiver and care pro-
vider—a trust that is within the scope of the right to heslth
care of every child and every citizen, 2 right that every manu-
facturer of pharmaceuticals and every government must
strive to ensure and protect.
It is sigmificant that the outbreak of DEG poisoning re-
ported by O’Brien et al® ¢ccurred in an impoverished devel-
_oping countzy. In the global accourting of richer developed vs
poorer developing ¢ountries, inadequate regulation and sur-
veillance ofthe safety of medications s¢em an extraordinarily
regreasivetax. The glycerin vehicle of the medicine seamed to
be the “smoking gun” causing thiz epidemic, but the suthors
provide no informetion about the root cause. How or why did
the glvcerin get contaminated? Was the cause ignorance,
‘negligence, cost savings, or some other arror? Further inves-
tigationinto theroot cause of why this contamination occurred
may raveal additions] insights into prevention. The authors
imply that such incidents will continue to oceur until the
- resources are appropriated to stop them. We can ill afford this
purgatory. .

O’Brien et al suggest ways to end these calamities. Strict
quality control measures in the formulation and dispensing of
medications and the paszage and enforcement of governmen-
tal regulations that ensure the safety of pharmacenticals are
mandatory. The new initiatives that the Haitian government
will surely undertake to safegnard their most vulnersble popu-
lations against such a mishap in the future must be imple-

“ merted everywhere; global action is necessary to prevent re-
peat occwrrences. Improved surveillance and early detection
of DEG in adulterated medications using inexpensive meth-
ods applicable in the field, as suggested by O'Brien et al* may

. be additional strategies implemented in a succesaful global

approach.

The Haitian epidemicreplays all the past folly involved with
DEG contamination. There are no new public health lessons
from the Haitian tragedy. Rather we simply must be better
students of the old lessons to avold returning in the future to
thie particular daxk and dangerous wood.

ﬁ Alan D. Woolf, MD, MFH
L. Alighiori D, $he Divi dy. N , trans. m: i
I #?ca L lwpmm Gms y. Norton CE. trang. Chicago, Engydapedm
2, (Brien KL, Selapilic JD, Heotfivert C, et al, for the Acute Renal Falurs Invests:
gation Team, Epldemic of pediatyie deuthy from aoute renal fallure esused by diethyt

. ene glyoo: poisoning. JAMA 19882791175 1180. :

3 Bowic MD, McKengle D. Disthylerns glyeol poisoning in children. § A% Med 7.
1972:46:%81-034.

L Cantargli MC, FartJ, Camps Y, Sans M, Piera L, Rodemilans M. Acute intexication
dhe to topical applleation of disthylene ghyeol. Ann Ingevn Mad. 1087108473475,

5. Pandya 3K An unmitigated tragady, BMJ, 1988:297:117.119,
& Qkunnghae HO, Ighogbeis I8, Lawaon JO, Nwana JC, Diethylene glycel peisoning
in Nigerian children. Ann Tvop Foedisty, 199212935298

7. Drut R, Quijaro G, Jones MCT, Seanferla P, Ballnzgon patologlieos en lointoxizacion
por dietile |, Madieing (B Atrgs), 1994;54:1-5.

&. HonitM, Mobarak MR, Roosn A, Ralwaan D, DonovanJT, Bermjah ML, Fatal renal
failure cansed by diethylene ghyeol in parscetamsl elisie: the Bangiadesh epidemic
BMJ. 1996/311:88-91. .

9 Leesh PN (AMA Chemical Laborwiocy) Elisix of sulfsnilcnide-ifassengill
JAMA. 1937:100:1531.1529,

10. Leech PN (AMA Chemiex Laborstory). Elixir of sulfanilaride-Massengil, IF,
JAMA. (5371001 724-1704, :

11, Geiling EMK, Caanan PR, Pithologie sffests of slixir of sulfanilamide (disthylene
glcol) poisoning. JAMA. 19G8,111:019.926,

12, Culvery HO, Klampp TG, The toxicty for human beings of dlethylene glyecl with
sulfanilamide. S¢iuth Med J, 1039:3%1105-1109. :

18. Wallace HA, Report of the Secrstary of Agriculture on Deaths Due to Elimir Stl-
Jamilamide- Meassorgill: 75eh Congrasu, 2nd Sesvion, Washiogton, DC: US Govern-
ment Frinting Office; November|26, 1937, Docurent 124,

4. Wax PM, Eliars, dluents, and the g of the 1963 Federal Food, Drug, and
Coemetie Act. Awm Intera Med. 1995,180:456-46 1.
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Drugs and Adverse Drug Reactions

How Worried Should We Be?

Physicians canhardly pick up amedical journa) or anewspaper
today without reading shout some new medication, and how it
promises to completely charge the course of 2 disease or re-
lieve some troublesome symptom. Indeed, the wonders of
pharmacology are numerous. It is clear, for example, that after
& myacardial infarction patients will Yve longer if they take
B-blockers’ and that patients with congestive heart failure live

Fromine Deparrantof Clinical and Qua.i'vAnalysis. Pariners Healthcare Systems,
Betton. Mass.

Reprints: Devie W. Bates, MD, MSc. Divisian of General Medicine & Primary Care.
Brigham and Wornen's Hosptel, 75 Fraacis St Botich, MA (2115 {ewmnsil
dwhatead@bics harvard,edu).
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longer 3and fzel better when they take angiotensin-converting

enzymeinhibitors. However, medications are a double-edged
gsword.

See also p 1200.

Much of the recent work on problems with medications has
focused primarily on errors in medication use, which are im-
portant.’ But, adverse drug reactionz (ADRs) that are not
preventable given onr eurrent state of knowledge are & more
cornmon problem, with a greater human burden. In this issue
of JAMA, Lazarou angd colleagues* attempt to assess the

Ediorals
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extent of this problem. They performed a meta-analysis of
the proapective studies evaluating the ineiderce of ADRs in
hospitalized patients. Even after excluding errors in dmig ad-
ministration, the authors found that ADRs may be the fourth
to sixth leading cause of death, and that drug-related injuries
oceur in 6.7% of hospitalized patients, These datasuggest that
health care practicioners may miss or pass over many ADRsg
that occur, aven among fatal events,

Can these data be correct? There are s number of concerns
about the way the study was done, although the authors ad-
hered to the generally accepted criteria for mets-analyses.?
First, an inherent limitation of meta-analysis is that cornbin-
ing the resulta of small, heterogeneous studies does not nec-
essarily bring ene cloger to truth, particularly if the proceszes
usedtoidentify and tc validate the presence of the evente were
heteroganeous.? Second, the hospitals studied are probably
not reprasentative of hogpitals at large. Such studies are more
likaly to be conducted in acadernie, tertiary cave hospitals;
these hospitals have sicker patients, and these patients have
more ADRs. Anctherissueis whether the sites of caresampled
within the ingtitutions were representative of the institutions,
All these factars conld inflate the incidence estimate. It is also
surprising that the ADR rate remained constant over time,
desgpite increasing patient acuity and use of laxger numbers of
medications. Some other data” suggest that the frequeney of
problems with medications actually may be increasing.

Nonetheless, these data are Important, and even if the true
incidence of ADRs is somewhat lower than that reported by
Lazarou et al it is still high, and much higher than generally
recognized. Why is this the ¢case? One reason is that hospitals
have had strong incentives not to identify too many of these
events. Reporting large numbers of adverse events and any
serfous preventable event brings intense scrutiny from regu-
lators and the public. Thus, most hospitals have relied on spon-
teneous reporting, which only identifies about 1 in 20 adverse
reactions and leads to the perception that injuries from ADRs
are less common than they really are.? Also, less research has
been done in this area compared with cther major canses of
death, such as heart disease or cancer. No single specialty or
organ systern i§ involved, the Food and Drug Administration
is not a funding agency, and research funding for this impor-
tant area has heen scarce,

Arncthey issue is whether tracking nonpreventable drog-
related injuries is important, especially after it is known that
& specific drug can ¢ause a specific reaction. It is, for several
reasons: First, avoiding sdministration of the same madica-
tion to the patient in the future requires knowing and docu-
menting that the patient had a previcus allergy or sensitivity.
When a patient develops an allergy or sensitivity, it is often
hat racorded, and patients raceive drugs to which they have
known allergies or sensitivities with disturbing frequency.?
Second, many events not preventable today will likely be pre-
ventable in the firture, by one of a variety of mechanisms. For
ingtanee, design of new and safer drugs is spurred by such
dats. A good exsmple is development of fexofenidine to xe-
place terfenidine. Terfendine was associated with cardiac ar-
rhythmias including torsades de pointes, particularly when
used in combination with several other commonly used medi-
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cations, including erythromyein? Substitution of the new
agent—a terfenidine metabolite that has thetherapeuticprop-
ertiesbut not theadverse consequences of terfenidine~seems
likely to dramatically reduce this risk. Moreover, it is likely
that clinicians will improve their ability to predict which pa- -
tients will experience adverse consequences from specific
drugs.

1f hozpitals are to monitor for ADRs, what approach should -
they use? Chart review is too expensive to be practical ena
routinebasis.? Fortunately, computer surveillance canbeused
to agaist in finding adverse drug events, and this approach is
much move efficient than chart review.™! Today, most hos-
pitals could not immediately implement such a system given
the present state of their information systems, but they should
be able to do go so0n. -

But why should hospitals invest in comprehensive monitor-
ing for ADRs, given todsy’s multiple competing priorities? One
reason is new vegulations, which are being developed by the
Health Care Financing Administration.® These regulations, re-
lagsed with a reguest for comment in the Faderal Register® in
November, weould require hospitals to routinely monitor for
adverse drug events and would impose sanetions if they fail to
do s0. However, as currently written, the regulations seam un-
tenable for a number of reasans, including the requirement for
hospitals to perform expensive routine chart review, If rewrit-
ten, thesaregulations could provide a majorimpetus for quality.
For example, hospitals could be required to demonstrate that
they routinely meagure adverze drup events and medication
error rates. '

For ail medieations, a key issue {&¢ whether the henefits

+ outweigh the rigks. The answer, a3 demonstrated by large

numbers of randomized controlied trials, is yes, but that there
must be more attention giver to the risk side of the equation.
Only after drugs leave the trial setting and are used in sicker
patients do their true risks become apparent. Although some
risks are inevitable, they can be significantly reduced, and
learning more about these risks will make this poasible.

David W. Bates, MD, MSc
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Incidence of Adverse Drug Reactions

in Hospitalized Patients

A Meta-analysis of Prospective Studies

Jason Lazarou, M3c; Bruce H. Pomeranz, MD, PhD; Paul N, Corey, PhD

Objective.—To sstimaie the incidence of serious and fatal adverse drug reac-
tions (ADRY) in hospital patients.

Data Sources—Four electronic databases were searched from 1966 to 1996.

Study Selection——0Of 153, we selected 39 prospective studies from US
hospitals. ‘

Data Extraction.—Data extracted independently by 2 investigators were ana-
lyzed by & random-effects model. To obtain the overall incidence of ADRs in hos-
pitalized patients, we combined the incidence of ADRs occuning while in the hos-
pital plus the incidence of ADRs causing 2dmission to hospital. We excluded errors
in drug administration, noncompliance, overdose, crug abuge, therapeutic falures,
and possible ADRs. Serious ADRs were defined as those that required hospital-
ization, were permanenfly disabling, or resulted in death.

Data Synthesis.—The overall incidence of serious ADRs was 6.7% (95% con-
fidence interval [CH, 5.2%-8.2%) and of fatal ADRs was 0.32% (95% Cl,
0.23%-0.41%) of hospitalized patients. We estimated thatin 1994 overall 2218 000
(1721 000-2711000) hospitalized patients had serious ADRs and 106000

- (76 000-137 000) had fatal ADRs, making these reactions between the fourth and
sixth leading cause of death.

Conclusions.—Tha incidence of sericus and fatal ADRg in US hospitals was
found to be extremely high. While our results must be viewed with circumspection
because of heterogeneity among studies and small biases in the samples, these
data nevertheless suggest that ADRs represent an important ciinical issue.

, JAMA. 1998:279:1200-1208

PUBLIC ATTENTION {s currently fo-
cused on adverse drug reactions (A.DR)
as evidenced by a recent bill passed by
the US Senate requiring pharmaceuti-
cal companies to provide ADR informa-
tion to consumers,' Heightened intarest
in ADRs was stimulated by the thalido-
mide tragedy in the 1960s. To obtain an
accurate estimate of ADR incidence in
hospital patients, prospective studies
were done, baginning in the 1980s; in
which 2 defined populatior. could be kept

From e Deparniman's of Zeoiogy (Mr Lazarou and
Or Pomaeranz), Physiology (Qr Pomeranz), and Public
Health Sciences (O Coray). University of Torortc.
Torantd, Ontare,

Reprirts: Bruce H. Pomerarz, MD, PhD, Dapart-
ments of Physiciogy and Zectogy, University of Toronic.
25 Harpord 8t Teromso, Ontario, Ca~ada MBS 3GE
{eumai: gomeranz@200.ul0ronto.ca).
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under close observation by monitors
who recorded all ADR occurrences.™
These prospective studies have been
done on 2 separate populations of pa-
tients; those admitted tothe hospitaldue
to an ADR (ADRAd),f and those expe-
riencing an ADR while in the hospital
(ADRIn)."Wereport here a meta-analy-
gis of 39 of these prospective studies
done in the United gtates over & period
of 82 years fram which weobtained ADR
incidences for ADRIn and for ADRAA
and an overall ADR incidence that eorn-
bines these 2 groups, We focused mainly
on serfous and fatal ADRs since they
represent the greatest impact of drug
therapy. While recognizing the benefits
of drug therapy, we chose not to com-
pare benefits of drugs to the side effects
of drugs.

2833

METHODS'
Definitions: . ,

One step.we took to reduce heteroge-
neity was to excinde any data that did
not use the following specific definitions:

Adverse Drug Reaction (ADR),—Ac-
cording to the World Health Organiza-
tion definition ® this is any noxious, un-
intended, and undesired effect of a drug,
which oceurs at doses used in humans for
prophylaxis, diagnogis, o the . Thig
definition excludes therapeutic fajlures,
intentional and aceidental polsoning (e,
overdose), and drug abuse.® Also, this
does not include adverse everta due to
errors in drug administration or non- -
compliance(taking more or less of adrug
thanthe preseribed amount).! Using this

conservative definitign avoids overesti- -

mating the ADR incidence.

For editorial comment see p 1216.

Recently, some authors prefer the term
adverse drug event (ADE), which is an in-
Jjury resulting from administration of 8,
drug. In contrast to the World Health Or-
ganization definition of ADR, the defini-
tion of ADE includes errors in administra-
tion.* However, we have chosen the World
Health Organization definition for ADR be-
cause ofits frequent usein the studies that
we analyzed, and because of our goalto es-
timate injuries incurred by drugs that were
properly prescribed and sdminjstered In
those articles that did not use the Werld
Health Organization definition (eg, ADE
waa used), we examined the raw data and
removed adverse events due to errors in
administration. Howevey, this was not al-
ways feasible sinee a few articles may have
included errars in administration but did
not repart them separately. Therefore, un-
fortunately, these latter articles added to
the heterogeneity of our data.

Adverse Drug Reactions in Hospialized Pasients—Lazarou et al
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Possible ADR.—This is an ADR that
follows 2 veasonable temporal sequence
and for which the ADR is & known re-
sponse to the drug, although the re-
spongse may also be explained by the pa-
tient’s clinieal state.”® Possible ADRs
were excluded from our study.

Serious ADR.~—~This {s an ADR that
requires hospitalization, prolongs hespi-
talization, is permanently disabling, or
results in death. Serious ADRs in¢lude
fatal ADRs, which were also analyzed
aeparately,

spective Studies.—Patients were
present during the study, and monitors
were able to interview physicans,
TrSes, Or gatients at least once per
week. All ADRs were confirmed prior to
patient’s discharge from the hespital,

Retrospective Studies.~—Chart re-
views were performed after the patient
had left the hespital. These studies were
excluded from our analysis.

Literature Search

Electroni¢c databases were gearched
using the following key word strategy:
adverse drug or adverse reastion or
drug-related or drug-induced and hos-
pital. Three MeSH (Medical Subject
Headings) terma were also used where
appropriate (le, hospitalizeotion, drugs,
drug therapyl/adverse effects) in combi-
nation with key words. Databases that
we used were MEDLINE (1966-1996),
Exeerpta Medica (1980-1996), Interna-
tional Pharmaceutical Abstracets (1970~
19%6), and Sdence Citation Index (158¢-
1996). The reference sections of all re-
trieved articles were manually searched
for additional studies, In addition, we
sent letters to resesrchers in the field to
request unpublished datain order tore-
duce publication bias.

Sefectian Criteria

The following criteria were used:

1. The patients studied were not se-
lected for partioular conditions or spe-
cific dmg exposures.

2. Sufficient information was re-
portéd in the published study tv calcu-
late the incidence of ADRSs,

3. English translations of the papers
vere avaliable.

4, Prospective monitoring was used
to identify ADRs.

5. Definitions used m the studies co-
incided with ours (see “Deflnitions” sub-
section for our definitions).

Quality of the Data

Rather than merely agsassing the gual-
ity of each study,! we chose instead toim-
prove the quality of our databage. First,
we used prospective monjtoring 2s anin-
clusion eriterion to exclude the lowest-
quality studies (ie, the retrospective stud-

JAMA Apnil 18, 1998—Vol 275, Na. 18

0°d

TUG0IST 86, AT Aoy

ies). Second, ADRs classified s “possible”
were excluded. Attributing causality is al-
waysaproblemwith ADR detection®and,
by excluding possible ADRS, we reduced
the number of false positives in the data.

Heterogeneity

We dealt with heterogeneity among
the stodies In sumercus ways: (1) we
placed ¢ongiderable evaphasis onthe 95%
confidenceintervals (Cls)todrawatten-
tion to the heterogensity,® (2) we used
a random-effects model to do the analy-
sis because it takes into account the
heterogeneity of the various studies, !
(8)toreduce heterogeneity, we excluded
ADRs caused by errors in administra-
tion, noncompiiance, overdose, drug
abuse, or therapeutic fajlures, (4) for ad-
ditional ways to reduce hetevogeneity,
we excluded ADRs not fitting our strict
definitions, possible ADRs, and retro-
spective dats.

Data Extraction

Wedetermined the incidence of ADRs
in the hospital by extracting the total
number ofhospital patientsineschstudy
experiencing at Jeast 1 ADR and divid-
ing this value by the total number ef hos-
pital patients in each study. The ADR
incidence was expressed a8 the percent
of patients with an ADFE. A data collee-
tion form wag developed prior to the
study for this purpose. Information on
nonserious, serioug, and fatal reactions
was extracted. Other data extracted in-
cluded the year of the study, ward and
hospitaltypein which the study was per-
formed, mean age, average lengthofhos-
pital stay, average number of drug ex-
posures for the patients included in the
study, and the number of men and wom-
en in each study. To test for reliability of
our extraction procedures a randornly
selected subset ofthe data wasextracted
independently by 2 of us (J.L. and
B.H.P.) and was found to be very consis-
tent for the published ADR incidence for
serigus, fatal, and all severities {intra-
class correlation coefficient ranging
from 0.89 10 0.92).

Analysis of ADR Incidence

We separately analyzed the incidence
of ADRIn and the incidenes of ADRAJ
and then eombined the 2 groups to ob-
tain an overall ADR incidence, We ana-
iyzed ADRs of all severities (which in-
tluded nonserions and serious), ADRs
that were serious (which included fatal},
and ADRs that were fatal; however, we
focused rmainly on the sericus and fatal
ADRs. For each category, we analyzed
the ADR inecidences obtained from the
different studies to determine the mean
incidenesz and the 95% Cis. For this pur-
pose we used a random-effects model for

meta~analysis® sirﬁila.r to the method

" used in the only previous meta-analyais

of ADRAds.* This is the method of
choice beeanse it takes into account the
heterogeneity of the various studies.™
When eombining the incidence of
ADRIn and ADRAGJ to obtain the over-
allincidenceof ADRs, weavoideddonble .
countingpatients whowers admitted for
an ADR and who then also experienced

. an ADR while in the hospital by assum-
. ing the 2 types of events to be indepen-

dent and deriving an adiusted estimate
using the following formula;

Adjusted Overall Incidence
= (Incidence of ADRIn
+ Incidence of ADRAQ)
~ {Inciderce of ADRIn
* Incidence of ADRAG).

This provided a slightly smaller estj-
mate of the ADR incidence. For ex-
ample, themean estimate for the overall
number of serious ADRs ger year (see
“Results” section} would change by
83 000 patients, dropping from 2248000
(no adjustment) to 2216000 (our esti-
mate using the adjustment).

When comparing groups, we used
both parametric and nenparametric
methods. The results ware always the
samefor the 2methods. Hence, for group
comparisons, whenever possible, we re-
ported the results of the more robust
nonparametric Wilcoxon rank sum
tert.” Al statistical analyses were per-
formed using the SAS statistical soft-
ware package, version €.11 (Statistical
Analysis System, Cary, NC).

Number af Patients With ADRs
We estimated the number of hospital

. patients with ADRsinthe United States

by using the incidence of ADRs in US
hospitals derived from our dats and mul-
tiplying this value by the nwmber of hos-
pital admissions in 1994 in the United
States, obtained from published statis-
tics.'* In 1994, there were $8 125 452 hos-

_pital admissions in the United States.

Wz raleulated the 1994 fatal ADRIns as
follows:

Nurnber of Fatal ADRIns in US Hos-
pitalsin 1994(63 000 =Incidence of Fatal
ADRIns in Hospitals in the United
Btates (0.0019)xNumber of Hospital
Admissions in the United States
(33125 409),

This estimate s based on the assump-
tion that our sample is representative of
the hospital population, and, hence, we
exarmined representativeness at some
length (see “Results” section).

RESULTS :

Using our 4 zelection criteria, 33 of the
153 studies found in the literature weve
inciuded in our meta-analysis. Features
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Table 1.-Studies on ADRs in Patients While in the

Haospital (ADRin)*

Ineldance of ADRe, %
1 L

Warda Stdy - A
Souree, y Studiedt Slkzn Severlties Serioyus Fatal

Batas ol 4, 1395™ 1,7 k] 6.3 0.8 [

Batga ot al, 1995® 1,2 4031 44 .5 9.08

Bowman et al, 158447 1 1024 102 1.1

Bates at al, 1993* 1,2,6,8 420 3.8 148 D

Stoel et al, 10812 i B15 14,8 28

Mitchell et al, 19797 4 1669 16.8 L

Bernett and Lipman, 1077 1,2 152 72 1.4

May at al, 19773 1 34 10.2 .

Mibes, 197318 1 11526 2.5 2.4 0.29

Wckanzie et al, 19737 4 659 122 2.3 0.15

Wang and Terry, 1971% 1,2 B2 1.2 0.01
- Gardner and Watson, 157¢® 1 839 10.5 2.1 0,85

Borda st al, 196&° 1 830 24.1 8.0

Side! ot al, 1987 1 67 10.2

Seid) et al, 1966° 1 T4 13.6 0.8 042

Smith et al, 196487 1 900 10.8 022

Reichal, 19688" 1 £00 [¥]

Scummel, 19647 1 1014 10.2 08 038

M s s e - apser s
*ADR indicates adverss drug raaction; ADSIN, an ADR drcurring in patients while in tha hosgita; and ellipses,

daka not avallable.
TWards studied; 1, meaical; 2, surglcal: 3, gerlatric; 4,
crre; and 8, OLSteliS,

pedialric; S, psyeniatric; 6, internal meadicing; 7, Intgnsive

fincidence of ADRS = (number of patients w'th ADRrotal patierts studied) X 100 . .
§Thia study parformes by the Boaton Collaborative Drug Surveillanca Program was categorizad as United States
in eur anglysis since only 1747 of the 11528 patlents ware fram hospitale outelde the United Stales.

Taple 2—Studies on Patients Admitted to tha Hospital Due to an ADR*¢

Wards

. incidence of ADRs, %%

Swdy r 1
Sourcs, Y Studied$ Stze Sarious Fatal
Naisan ane Talhert, 1806% 6,7 450 53
Col &t al, 3990 1 33 16.8
Mrchell &t ¥, 1988 4,8,7 6546 1.0 0.03
Sighy et al, 1987* 1 656 8.3
Lakshmanan at al, 1535¥ 1 834 a2
Salerr 8t &, 15842 5 41 12.2
Stewart et al, 1980 [ 50 5.0
Frisk ot al, 1977° 1,23, 4,8 442 6.2
McKanney and Harmison, 19784 d Q1B 5.8 ']
MeKenzie ot al, 16769 4 3588 1.9 0.41
Cararasos & al, 16749 1 6063 2,9 0.18
Millar, 1974} 1 492 33 .-
' 1 555 18
1 1025 3.0
1 1183 5.8
1 2065 2.8 i
McKenzia at 8, 19737 4 658 2.9 0.45
Gardnar and Watson, 1870% 1 939 5.1
Stde! et al, 1967% 1 267 45 ...
Seid et al, 1966* 1 T4 39 0.7¢
Smith et a), 1966" 1 900 1.7 .

ot S e
“ADR indicates adverse arug raaction: ADRAG, #n ADP causing admission 10 the nospital; and ellipsas, data nol

avallable. .

tUrice Taisia 1, the calumn “All Severities” i raisaing f
by gefinition.

Wards studied: 7, medical; 2, swrgicat: &, gerlatric; 4.
cars; and 8, odsletric.

rom Table 2 beca.se all ADRAdS ars lassified as sedous

padiatric; 5, paychlatric; 8. iriernsi medicine; 7, intengive

&incidence of ADRS ~ (nurber of patiarts with ADR/total patlans studied) X 100.

of these 29 studies are givenin Tables }
and 24784 Piffy-seven studigs were
excluded from our meta-analysis by the
2blinded investigators because they did
not meet our ¢ritaria. In addition 57 of
the remaining 96 studies were per-
formed in countries other than the
United States and were excluded from
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our meta-analysis because one of our
major goals wag to determine rapresen.
tativeness of our sample in order to as-
tablish the aceuracy of our summary sta-
tistics, Since we only had a sufficient
number of studies from the United
States toallow nstoperformthesetasks,
we decided to exelude the remaining

)
Lot

countries from our meta-analysis since a
proper analysis for representativeness
for any other country would be impos-
sible to perform.

Incidence of ADRs

As shown in Table 3, the incidence of
gerious ADRIn was 2.1% (95% CI, 1.9%-
22%) of hospital patients, while the inci-
dence of sericus ADRAd was 4.7% (95%
€1, 3.19-6.2%). The incidence of fatal
ADRInwas0.19% (95%C1,0.13%-0.26%)
of hospital patients and the incidence of
fatal ADR Ads was 0.13% (95% CI,0.04%-
021%). Combining ADRIn end ADRA4,
the overall incidence of serious ADR was
6.1%(95% C1, 5.2%-8.2% of hospital pa-
tients and the overall incidence of fatal
ADEa was 0.382% (95% CI, 0.28%-041%).
The incidence of ADRIn of all severites
(inchuding nonserions and serious) was
10.9% (95% Cl, 7.9%-13.9%) of hospital
patients. The overall incidence of ADRIn
phas ADRAG for ADRs of all severities
was 15.1% (95% CI, 12.0%-18.1%) of hos-
pital patients.

Bight ADRIn articles included the
proportion of type A (dose-dependent
ADRs) and type B¥ (idiosyneratic and/
or allergic ADRs). Of the “all severities”
ADRIn, 762% (95% CI, 71.0%-81.4%)
were type A reactions and 28.3% {90%
Cl, 18,6%-29.0%) were type B reactions.
Unfortunately, none of these studies
reported the proportion of type A and
type B reactions for serious and fatal
ADRs.

Number of Hospital
Patients With ADRs

As shown in Table 4, we estimated
that 702000 (95% CI, 635000-770000)
hospital patientsin the United Statesex-
perienced a serions ADRIn in 1994, We
caleulated that 1547000 (95% CIL,
1033 000-2 060 000) hospital patients ex-
perienced aserious ADRAd. Combining
thesze values, overall 2216 000 (95% CI,
1721 000-2 711 000 hospital patients ex-
perienced a serious ADR in the United
States in 1994, We calevlated that there
wera 62000 (85% CI, 41 000-85 000) fa-
talitiesduete ADRInandanother43000 -
(95% CI, 15 D00-T1 000) deaths accurred
inassocigtion with ADRAdinthe United
States. Overall in 1994, we estimated
that 106000 (35% CI, 76000-137 000)
deaths were caused by ADRs in the
United States, which ¢ould ageount for
4.6 (059 CI,3.3%-6.09%) of the 2 286 000
racorded deaths from all causes during
3994 in the United States.”® Using the
mean ADR incidence (106000) or the
more conservative lower 93% CI
(76 000), we found that fatal ADRs
ranked between the fourth and sixth
leading cause of death in the United
States in 1984,
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Tabla 3.~=ADR Intidence According to ADR Sevarity™

No. of Total Patlenta Incidence of
ADR tirgup Studles Stugied ADRE, 7o 95%
ADRs in Patlants While in the riosphal (ADRIn)
Al soverities 18 34 483 10.9 7.9-15.9
Senous 12 22802 21 1823
Fatal 10 28672 019 013-0.28
Patients Admitted to the Hospitet Oue 10 an ADR (ADRA4)

Serious? 28017 47 2182
Faral [ 17753 0.13 L.04-0.21
Qverall ADR Incidence (ADRIA « ADRAC}N
Al sevarities 39 82 480 18.1 12.0-18.1
Senous . 33 50519 8.7 5282 °
Fatal 16 466235 0.32 0,23-0.41

*ADR ingicates adverse drug reaction: ADRIN, an ADR scgurring in patients whtile in tha hospital; C1, ¢enfidense
interval; and ADRAd, an ADR causing admission 16 the hospital.

18y dafinition, ait ADRAAS are senous, hance thera is ro “All Sovarities” category for ADRAJ.

$Overall ingidence Is adjusted to avoid double GOunting (566 ‘Mathads” eection),

Table 4.~Estimated Number of Haspita! Patients (n 1884 With ADRs, in Thousands (85% CI)"i

ADRIn ADRAg Ovarali
All gaveritiae 3607 (261845961 1547 (1083-2080)¢ 4986 (397¢-5988)
Sarigus 702 (835-770) 1547 {1032-2060) 2216 (1721.2711)
Fatal £3 (41-25) 43 (15.71) 106 {78-137)§

*ADH Indicates adverse crug reaction: CY, cantidence interval; ABRIN, an ARR ocguiring in atiants while in the
hospital; and ADRAY, an ADR causing admizsion o the hospital.

+Based on 32 126 482 US admissions™ In 1994: eslimates use values from Table 3 {@), for all 2avorities ADRIN:
33125482 % (,1088 = 3607 000 patients with an ADR). ‘

8y definition all ADRAZS are serious, hence there are no data for nenserious ADRs In this categary.
§From thesepumbers, wa estimaled that ADRs wera the fourth 1o sixth leadfing causo of death in the United States.

Represeniativeness of Our Sample

Among the many factors possibly in-
fluencing ADR incidence, considerable
research has identified average length
of stay,®* age 547 gender, ¥ and drug
exposure.“* Therefore, as shown in
Table 5, we checked to see whether the
population that we sampled was repre-

~ “sentative of the US hospital population®

vis-d-vig these 4 factors. We determined
that the differences were significant for
length ofstay and penderbut not forage,
Unfortunately, we were unable to find
values for the average number of drug
exposures from national statistics. Pos-
sible biases in our ADR incidenee that
may have been caused by the differences
inlength of stay or pender are estimated
in the “Corarnent” gection.

Another possible source of sampling
bias might be the year of study, as our
meta-analysis spans4 decades, Hence, we
studied the reflationshipbetween ADR in-
cidence and year of study vsing arandom-

effects linear regression model and found ™

no significant correlation for ADRIn
(=027, P=)4, n=18) or for ADRAd
(r=023, P= 24, n=21). The Figure shows
these results graphically and indicates
that nochangein ADR incidence oecurred
over the span of our study. This result
seems surprising since great changes
have occurred over the last 4 decades in
US hospitalsthat should have affected the
ineidence of ADRS. Perhaps, while length
of hospital stay is decreasing,™ the num-
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ber of drugs per day may berising to com-
pensate, Therefore, while the actual inci-
dence of ADRs has riot changed over the
last 32 years, the pattern of their oeour-
rence hag, undoubtedly, changed.

It should be noted that additional fac-
tors have heen proposed to have an ef-
fect on ADR rate: renal function, hepatic
function, aleoholism, drug abuse, and se-
verity of illness. “* Unfortunately, these
factors were rarely reported in our

sample of studies and, thus, eould not be -

used to determine representativeness.

Medical wards are overreprezentedin
our database, and some articles in the
literature suggest that ward type might
have an effect on ADR incidence 34054
Unfortunately, there is insufficient
power in the 39 studies to caleulate the
incidence of ADRs for each ward type
individually. Without these date, we can-
not determine the possible effect that
ward-type distribution might have on
our ADR incldence. Nevertheless,in the

“Comment” section, we estimate the
possible bias due to ward type.

Similar to ward type, hospital type
may also introduce bias into our results.
Itisthought that teaching hospitals con-
tain more sertouslyill patients than non-
teaching hospitals, which may lead to a
higher incidence of ADRs in teaching
hospitals, but this has never been
proven %% Teaching hospitals are over-
represented n our saraple. However,
when we comapared ADR incidences for
teaching and nonteaching hospitals in

Table §,~I!s Dur Sample Representalive of US
Heospitals?

us Our No. ot
Factor Hosptiala* Samplat Studiest
Average age, y§ 80.4 S4.1 "
Average length of 7.6 106 14
stay, di
Average dag - B0 7
axposurg|
Propertion temaje] 0.69 050 16
*Stalisticg In this column werg derived from data by
the National Hespital Dischange Survey.®
$Values in this column wers terivad from combining
our ADRIn (adverse drug resction [ADR] occurring in
pationts whilg inthe hospital) and AD {ADR ceusing

admisgien to the haspital) studes toinerease tne sample
size, except for avarsge drug expasure, for which gata
ware yhavailable for the ADRAG group.

$The nurmbarof studias among the 13 US artictes that
provided data on this factor,

&P = 53 (Shrdent | tes)).

[|P=,001 (Srucent t tesl),

TIND atatstic could be obtaimed for the average drug
axpasuss in US hespital patisnts: elipses Ingicats dats
ngl available,

our study, we found no significant dif-
ferences, Thus, despitean overrepresen- .

- tation of teaching hogpitals in our

sample, there may not be a major bias.

Finally, our letters to researchers in -
the field produced no evidence of publi-
cation bias.

CONMENT

We have found that serious ADRz are
frequent and more 5o than generally rec-
ognized. Fatal ADRs appesar to be be-
tween the fourth and sixth leading cause
of death. Their incidence has remained
stable over the last 80 years.

There has been on]‘gr one previons
meta-analysis of ADR hospital studies, ™
and it focused only on ADRAd. Our ar
ticle differs from this repory In many
respeets: (1) we studied incidence of
ADRIn as well as ADRAG, (2) we com-
bined ADRAd and ADRIn to obtain the
overall incidence of ADRs, (3) we gave
special emphasis to serious and fatal
ADRs, (4) we improved the quality of
the data by excluding retrospective
studies and by excluding ADRs that
were classified as “possible,” (5) we ex-
amined the representativeness of our
sample, and {6) we estimated the total
number of patients in US hospitals ex-
periencing ADKs.

Recent studies have foensed om
ADFEs, which include errors in adminis-
tration.*™# One of the goais of ADE re-
search s to alert physicians about the
preventability of many ADEs.® In con-
trast, our study on ADRs, which ex-
cludes medicationerrors, had a different
objéctive: Lo show that there are 3 large
number of serious ADRs even when the
drugs are properly preseribed and ad-
ministered.

We found that a high proportion of
ADRs (76.2%) were type A reactions.
This may suggest that many ADRs are
due to the use of drugs withunavoidably
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Incidence of advarge drug raactions (ADAs) in 39
studiss distributed aver 32 years. All 38 points e
not vizible as several are superimposed on each

other, Linear regression, using a random-effecis
model, showad no sighificant corralation e sither
thase experienging an ADR while in the hospital
{ADRIR) (r=0.27, Pu.14} or those admirted to the
togpital due %0 an ADR (ADRAJ) (ra0.28, Px,34),

high toxicity. For example, warfarin of-
ten results in bleeding. It has been
shown that careful drug monitoring in
hospitals leads to a reduction of many of
these ADRg, suggesting that some type
Asandtype B ADRs may be due to inad-
equate monitoring of therapies and
doses.™

Recent studies have shown that the
costs associated with ADRsmay be very
high. Research to determine the hospi-
tal costs directly attributable to an ADR
estimated that ADRsmay lead to an ad-
ditions) $1.56 to $4 billion in direct hos-
pital costz per year in the Umted
States 71

Heterogeneity

Asg outlined in the “Methods” section,
we dealt with heterogeneity in numer-
ous ways. After taking these measures,
we exarmined the remaining heterogene.
ity. We determined whether 4 factors
thought to affect ADR incidence (age,
gender, drug exposure, and length of
stay) contributed to the remaining het-
erogeneity in our data using a linear re-
gression version of the random-effects
model.’* For ADRIn, wefound that num-
ber of drug exposures and length of hog-
_ pital stay jointly accounted for 43% of
the variance (r=0.65, P= 008, n=18). For
the rate of ADRAd when age was in-
vanmce was

[ red“ced by‘ 27% (r-0.52 P—-O4 n—14)

Gender did not eontribute to the vari-
;-ance. Thus, 2 great deal of the heteroge-

neity could bé attributed to factors well. -

nown to affeet ADR rates: nomber of
drug exposures per patient, lengt‘a of
hospital stay, and the age of patients.
This result indicates that much of the
heterogeneity is due to variation in the

populations examined in the various ar-
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ticles and, hence, only a portion of the
variation could merely be attributed to
inconsistent methods among the indi-
vidua) studies. For example, if the dif-
ferent investigators use different meth-
ods of ascertainment regarding what
represents an ADR, they will find dif-
ferent rates. Another example cf incon-
gistent methodology is the problem that
some articles did not separate out ad-
ministratimn  errors. Methodological
variation such as this iz a limitation of
meta-analysis,

Representativeriess of Our Sample

In the “Results” section, we found that
for the 5 factors examined 8 were possible
sources of bias:length of stay, gender, and
ward type. Thus, we have atternpted to
estimate the size of the sampling bias due
to these 3 factors as follows. As seen in
Table 5, we had 2 higher average length
of hogpital stay than the US national av.
erage (10.6 dayz va 7.6 days).® While the
literature qualitatively reports z rela-
tionship between theincidenceof ADRIn
andlengthofstay, %4 there are no quan-
titative estirnates, Therefore, we per-
formed alinear regression analysig on our
own data using a random-effects model*®
regressing the ineidence of ADRIn of all
severities on average length of stay to
obtain a slope of 0.007 (P=.008) and de-
duced that inereasing the length of hos-
pital stay from 7.6 to 10.6 days would pos-
sibly cause the incddence of ADRIn of all
severities to vise from the adjusted value
of 8.7% to our value of 10.9%.

Also, as shown in Table 5, the propor-
tionof fernale patients in our sample was
lower than the nationa) average (50% va
60%;. Using severalstudiesreporting an
inereased incidence of ADRs among fe-
mules, we were able to determine that,
at most, the risk ratio for women vs men
could be as high as 1.5 for both ADRIn
and ADRAJ, Assuming the worst-case
scenario, the adjusted value for the over-
all incjdence of ADRs of all severitiesin
the United States becomnes 15.7% (95%
CI, 12.7%-18.5%) compared with our
value of 16.1% (96% CI, 12.0%-18.1%).

Finally, with regard to ward type,

there was insuffieient power in 38 gtud—

ies to deterwnepréuaety-hhe-effect of
_wardtypa Te diserepancies. Instead, we
“rade a aude determination of the
worst-case scenario of ward bigs, If we
assumed /1) that obstetrieal wards have
zeroc ADRs anj_m

-phistetrieal Patients, and, since there are

about4 mxllxonobstetnca.l ward patients
each year in the United States® of 33
million total hospital admissions,* then
the total number of ADRS oceurring in
the United States would he 4/33 lower
than our estimates. Thus the overall

number of fatal ADRs in the United
States would drop from 106 000 (95% CI,

76 000-137009) to 98 000 (35% CI, 67 000-
121 0003, which would make ADRs be-
tween the fourth zand seventh leading
cause of death in the United States
ratherthanbetweenthe fourthand sixth
leading ceuse as reported shove. Re-
garding other ward types, psychiatric
wards tend to have a higher ADR ind-
dence and pediatric wardz alower ADR
incidence than medical wards 5% so
these 2 bisses might cancel cut. Thus,
altogether, there probably is a small net
upward biss in our ADR incidence due
to our overrepresentation of medieal
wards.

It is important to note that we have
taken a conservative approach, and this
keepa the ADR estimates low by exclud-
ing errors in administration, overdose,
drug sbuse, therapeutic fa.iiures, and
possible ADRe. Henee, we are probably
not overestimating the incidence of
ADRs despite the 2 small sampling bi-
ases discussed earlier.

CONCLUSIONS

Perhaps, our most surprising result
wasthe large number of fatal ADRs. We
estimated that in 1994 in the United
States 106000 (95% CI, 76 000-137 000)
hospital patientz died from an ADR.
Thus, we deduced that ADRs may rank
from the fourth to sixth leading cause of
death, Evenifthe lower confidence lirnit
of 76 600 fatalities was used to be aon-
servative, we estimated that ADRs
could stil eonstitute the sixth leading
cause of deathinthe United States, after
heart disease (743 480), cancer {529 904),
stroke (150 108), pulmonary disease
(101 077y, and aceidents (90528); this
would rank ADRs ahead of preumonia
(75719) and dizbetes (53894)." More-
over, when we used the mean value of
106 000 fatalities, we estimated that
ADRa ¢ould rank fourth, after heart dis-
ease, cancer, and stroke as a leading
cause of death. While our results must

e viewed with scme circumspecticnbe- | ~

cause of the heterogeneity among the
studies and small biases in the sample,
these dutasuggest that ADRsrepresent

-an dimnportant elinical issue.
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