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position. It la anticipated that this additional position will
be u»*d to odd on* half-tine attorney [c hoth cho Anchorage and
Fairbanks District Attorney's offices.

It Is antlclpscsd that a lar|* percentage (perfcepa
50-75X) of tha defendants la tha nev casas will ba first tlaa
offandars vho vIIl ba allglbla for pratrlal diversion. Olvan tha
light sentences wh ch chasa parsons ara likely to receive if
convletad, pretrial dlvarslon (Including required cca—unity work
servica) appear* to ba a vail Justified usa of criminal Jusclca
syscaa resources. Ivan If a caoa Is dlvartad hovavar, attomay
doe Is raqulrad to sersen tha casa and nska tha dlvarsloa
srr*ng*»*nts.  Hw pratrlal diversion parsonnal v Il ba nesdid to
supacvisa tha nev casas. txIsting pratrlal diversion offices arc
new vorking at full capacity. Tha addition of hundreds of oav
casas to an already full caseload vIIl require, at a minlaun, tha
addition of evo nev full-tlaa positions. -his fiscal not*
therefoie Includes funding for a paralegal 11 position far tha
Anchotaga offlca. (This parson would also ba ratpeesibla far sw
casas in Palnar.) funding of ona additional eomnaity eaunaalor
la_also raqulrad. This position vIII ba divided lata cun
half-tls* position*, ooa assigned to tha lortham region
(Fairbanks), and ona In tha Southeast region.



3. Mils IflttlU tt

Inorder tolafer* che public of the change* ia the
low, th« Department of lav vIII develop end disseminate publie
notice* explaining the nev lev. These notice* vl include
navapaper ada and brochure*, and v Il be aodeled upon the public
education notice* vhich were dlatrlbuted statewide la eonaectioo
vich the nev druf lav la 1932 end the nev DVX end drinking age
lev* in 1913, Used upon experience vith theae earlier notice*,
approximately 913,000 Hill ba needed to cover the coat* of
writing, layout, typesetting, publication, and distribution.

In addition to the cost* explained above, if2 1*
anticipated  that the passage of this bill vIIl reault ia
increaaed cost* to other conponeat* of the erlalna’ justice
ayatea, including lev enforcement, the ooarts, the public
defender agency, and eerreetiea*.
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SUMMARY

The Institute of Medicine (IOM) of the National Academy of Sciences
has conducted a IS-month study of the health-related effects of
marijuana* at the request of the Secretary of Health and Human
Services and the Director of the National Institutes of Health. The
IOM appointed a 22-member committee to:

* analyze existing scientific evidence bearing on the possible
hazards to the health and safety of users of marijuana:
analyze data concerning the possible therapeutic value and
health benefits of marijuana;
* assess federal research programs in marijuana,
identify promising new research directions* and make
sugggestions o improve the quality and usefulness of future
research; and
draw conclusions from this review that would accurately
assess the limits of present knowledge and thereby provide a factual*
scientific basis for the development of future government policy.

This assessment of knowledge of the health-related effects of
marijuana is important and timely because marijuana is now the moat
widely used of all the illicit drugs available in the United States.
In 1979, more than 50 million persona had tried it at least once.
There has been a steep rise in its use during the Past decade*
garticularly.among adolescents and young adults* although there has
een a Ievclmg-off in its overall use among high school seniors in
the past 2 or 3 years and a small decline in the percentage of
seniors who use it frequently. Although substantially mote high
schoo | students have used alcohol them have ever used marijuana* more
high sciwol seniors uae marijuana aa a dally or near-daily basis (9
percent) than alcohol (6 percent). Much of the heavy use of
marijuana* unlike alcohol* takes place in school* where affects on
behavior* cognition* and psychcmotor performance can be particularly
disturbin(?. Unlike alcohol* which is rapidly metabolized and
eliminated from the body* the psychoactive components of marijuana
persist in the body for a long time. Similar to alcohol* continued
use of marijuana may cause tolerance and dependence. For all these
reasons* it la imperative that we have reliable and detailed

1
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information about the effects of marijuana use on health/ both in the
long and short term.

What, then, did we learn from our review of the published
scientific literature? Numerous acute effects have been described in
animals, in isolated cells and tissues, and in studies of human
volunteers: clinical and epidemiolo?ical observations also have been
reported. This information is briefly summarized in the following
paragraphs.

EFFECTS ON THE NERVOUS SYSTEM AND ON BEHAVIOR

We can say with confidence that marijuana produces acute effects on
the brain, including chemical and electrophysiological changes. Its
most clearly established acute effects are on mental functions and
behavior. With a severitr directly related to dose, marijuana impairs
motor coordination and affects tracking ab ility and aensory~and
perceptual functions important for safe driving and the operation of
other machines; it also Impairs short-term memory and slows learning.
Other acute effects include feelings of euphoria and other mood
chan?es, but there also are disturbing mental phenomena, such as
briet periods of anxiety, confusion, or psychosis.

There is not yet any conclusive evidence as to whether prolonged
use of marijuana causes permanent changes in the nervous system or
sustain” impairment of brain function and behavior in human beings.
In a few unconfirmed studies in experimental animals, impairment of
learning and changes in electrical brain-wave recordings have been
observed several months after the cessation of chronic administration
of marijuana. In the judgment of the committee, widely cited studies
purporting to demonstrate that marijuana affects tha gross and
microscopic structure of. the human or monkey brain are not convincing;
much more wcrk is needed to settle this important point.

Chronic relatively heavy use of marijuana is associated with
behavioral dysfunction and mental disorders in human beings, but
available evidence does not establish if marijuana use under these
circumstances is a cause or a result of the mental condition. There
are similar problems in interpreting tha evidence linking the use of
marijuana to subsequent use of other illicit drugs, such as heroin or
cocaine. Association does not prove a causal relation, and the use
of marijuana may merely be symptomatic of an underlying ijisposition
to use psychoactive drugs rather than a 'stepping stone” to
involvement with more dangerous substances. It is also difficult to
sort out the relationship between use of marijuana and the complex
symptoms known as the amotivational syndrome. Self-selection and
effects of the drug are probably both contributing to the
motivational problems seen in some chronic users of marijuana.

Thus, the long-term effects of marijuana on the human brain and
on human behavior remain to be defined. Although we have no
convincing evidence thus far of any effects persisting in human
beings after cessation of drug use, there may well be subtle but
important physical and psychological consequ®nces that have not been
recognized.
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EFFECTS ON THE CARDIOVASCULAR AND RESPIRATORY SYSTEMS

There 1* good evidence that the looking of marijuana usually cauaea
acutt.changes in the heart and circulation that arc. characteristic__of
stress# but there ia no evidence to indicate that a permanently
deleterioua effect on t«e normal cardiovaacular system occurs. There
Is good evidence to ahow that marijuana increases the work of the
heart» usually by raising heart rate and, in sane persons# by raising
blood pressure. This rise in workload poses a threat to patients
with hypertension# cerebrovascular diseasa# and coronary
atherosclerosis.

Acute exposure to marijuana smoke generally elicits broncho-
dilation; chronic heavy smoking of marijuana causes inflammation and
pre-neoplastic changes in the airways# similar to those produced by
smoking of tobacco. Marijuana smoke is a complex mixture that not
only has many chemical components (including carbon monoxide and
"tar") and biological effects similar to those of tobacco smoke# but
also same unique Ingredients. This suggests the strong possibility
that prolon%ed heavy smoking of marijuana# like tobacco# will lead to
cancer of the respiratory tract and to serious impairment of lung
function. Although there ia evidence of impaired lung function iIn
chronic smokers# no direct confirmation of the likelihood of cancer
has yet been provided# possibly because marijuana has been widely
smoked in this country for only about 20 years# and data have not
been collected systematically in other countries with a much longer
history of heavy marijuana use.

EFFECTS ON THE REPRODUCTIVE SYSTEM AND ON CHROMOSOMES

Although studies in animals have shown that A-9-THC (the major
psychoactive constituent of marijuana) lowers the concentration in
blood serum of pituitary hormones (gonadotropins) that control
reproductive functions# it is not known if there is a direct effect
on reproductive tissues. Delta-9-THC appears to have a modest
reversible suppressive effect on sperm production in men# but there
Is no proof that it has a deleterious effect on male fertility.
Effects on human female hormonal function have been reported# but the
evidence ia not convincing. However# there is convincing evidence
that marijuana interferes with ovulation in female monkeys. No
satisfactory studies of the relation between use of marijuana and
female fertility and child-bearing have been carried out. Although
A-9-THC is known to cross the placenta readily and to cause birth
defects wherTadm inistered in large doses to experimental animals# no
adequate clinical studies have been-earried out to determine if
marijuana use can harm the human fetus. There is no conclusive
evidence of teratogenicity in human offspring# but a slowly developing
or low-level effect might be undetected br the studies done so far.
The effects of marijuana on reproductive function and on the fetus
are unclear; they may prove to be negligible# but further research to
establish or rule out such effects would be of great importance.
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information about the effects of marijuana use on health, both in the
long and short term.

What# then, did we learn from our review of the published
scientific literature? Numerous acute effects have been described in
animals# in isolated cells and tissues, and in studies of human
volunteers; clinical and epidemiolo?ical observations also have been
reported. This information is briefly summarized in the following
paragraphs.

EFFECTS ON THE NERVOUS SYSTEM AND ON BEHAVIOR

We can say with confidence that marijv/ina produces acute effects on
the brain, including chemical and eL.ctrophysiological changes. Its
most clearly estsbliuhed acute effects are on mental functions and
behavior. With a severit¥ directly related to dose, marijuana impairs
motor coordination and affects tracking ab ility and sensory and
perceptual functions important for safe driving and the operation of
other machines; it also impairs short-term memory and slows learning.
Other acute effects include feelings of euphoria and other mood
chan?es, but there olso are disturbing mental phenomena, such aa
brief periods of anxiety, confusion,, or psychosis.

There is not yet any conclusive evidence as to whether prolonged
use of marijuana causes permanent changes in the nervous system or
sustained impairment of brain function and behavior in human beings.
In a few unconfirmed studies in experimental animals, impairment of
learning and changes in electrical brain-wave recordings have been
observed several months after the cessation of chronic administration
of marijuana. In the judgment of the committee, widely cited studies
purporting to demonstrate that marijuana affects the gross and
microscopic structure of. the human or monkey brain are not convincing;
much more work is needed to settle this important point.

Chronic relatively heavy use of marijuana is associated with
behavioral dysfunction and mental disorders in human belngs, but
available evidence does not establish if marijuana use under these
circumstances is a cause or a result of the mental condition. There
are similar problems in interpreting the evidence linking the use of
marijuana to subsequent use of other illicit drugs, such as heroin or
cocaine. Association does not prove a causal relation, and the use
of marijuana may merely be symptomatic of an underlying disposition
to use psychoactive drugs rather than a "stepping stone" to
involvement with more dangerous substances. It s also difficult to
sort out the relationship between use of marijuana and the complex
symptoms known as the amotivational syndrome. Self-selection anc*
effects of the drug are probably both contributing to the
motivational problems seen in sane chronic users of marijuana.

Thus, tha long-term effects of marijuana on the human brain and
on human behavior remain to be defined. Although we have no
convincing evidence thus far of any effects persisting in human
beings after cessation of drug use, there may well be subtle but
important physical and psychological consequences that have not been
recognized.



SUMMARY

The Institute of Medicine (IOM) of the National Academy of Sciences
haa conducted a 15-month atudy of the health-related effects of
marijuana, at the request of the Secretary of Health and Human
Services tnd the Director of the National Institutes o? Health. The
IOM appointed a 22-member committee to:

analyze existing scientific evidence bearing on the possible
hazards to the health and safety of users of marijuana;
*  analyze data concerning the possible therapeutic value and
health benefits of marijuana;
* assess federal research programs in marijuana;
* identify promising new research directions, and make
sugggestions zo improve the quality and usefulness of future

research; and _ . .
* draw conclusions from this review that would accurately

assess the limits of present knowledge and thereby provide a factual,
scientific basis for the development of future government policy.

This Assessment of knowledge of the health-related effects of
marijuana is important and timely because marijuana is now the most
widely used of_all the illicit drugs available in the United States.
In 1979, more than 50 million persons had tried it at least once.
There has been a steep rise in its use during the Past decade,
Bartlcularly.among adolescents and young adults, although there has
een a Ievellng-off in its overall uae among high school seniors in
the past 2 or 3 years and a small decline in the percentage of
seniors who use it frequently. Although substantially mote high
schoo | students have used alcohol than have ever used marijuana, more
high school senior* use marijuana oo a daily or near-daily basis (9
percent) than alechol (6 percent). Much of the heavy use of
marijuana, unlike alcohol, takes place in school, where effects on -
behavior, cognition, and psychomotor performance can be particularly
disturbing. Unlike alcohol, which ia rapidly metabolized and
eliminated_froa the body, the psychoactive components of marijuana
persist in the body for a long time. Similar to alcohol, continued
use of'marijuana may cause tolerance and dependence. For all these
reasons, it is imperative that we have reliable and detailed
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SUMMARY

The Institute of Medicine (IOM) of the National Academy of Sciences
has conducted a 15-month study of the health-related effects of
marijuana, *t the request of the Secretary of Health and Human
Services and the Director of the National Institutes of Health. The
IOM appointed a 22-member committee to:

analyze existing scientific evidence bearing on the possible
hazards to the health and safety of users of marijuana;
* analyze data concerning the possible therapeutic value and
health benefits of marijuana;
* assess federal research programs in marijuana;
identify promising new research directions, and make
sugggestions zo improve the quality and usefulness of future
research; and
draw conclusions from this review that would accurately
assess the limits of present knowledge and thereby provide a factual,
scientific basis for the development of future government policy.

This assessment of knowledge of the health -related efftcts of
marijuana is important and timely because marijuana is now the most
widely used of"h*ll the illicit drugs available In the United States.
In 1979, more than 50 million persons had tried it at least once,
There has been a steep rise in its use during the past decade,
%articularly_among adolescents and young adults, although there has
een a Ievellng-off in its overall use among high school seniors in
the past 2 or 3 years and a small decline in the percentage of
seniors who use it frequently. Although substantially aose high
schoo | students have used alcohol than have aver used marijuana, sore
high school seniors use sarijuana on a daily or near-daily basis (9
percent) than alcohol (S percent). Much of the heavy use of
marijuana, unlike alcohol, takes place in school, where effects on -
behavior, cognition, and psychcmotor performance can be particularly
disturbing. Unlike alcohol, which ia rapidly metabolized and
eliminated from the body, the psychoactive components of marijuana
persist in the body for a Ion? time. Similar to alcohol, continued
use of Marijuana may cause tolerance and dependence. For all these
reasons, it is imperative that we have reliable and detailed
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information about the effects of marijuana use on health, both in the
long and short term.

What, then, did we learn from our review of the published
scientific literature? Numerous acute effects have been described in
animals, in isolated cells and tissues, and in studies of human
volunteers; clinical and epiqlemio_lo?ical observations also have been
reported. This information is briefly summarized in the following
paragraphs.

EFFECTS ON THE NERVOUS SYSTEM AND ON BEHAVIOR

We can say with confidence that marijuana produces acute effects on
the brain, including chemical and electrophysiological changes. Its
most clearly established acute effects are on mental functions and
behavior. With a sevaritr directly related to dose, marijuana impairs
motor coordination and affects tracking ab ility and aenaory~and
perceptual functions important for safe driving and the operation of
other machines; it also impairs short-term memory and slows learning.
Other acute effects include feelings of euphoria and other mood
chan?es, but there also are disturbing mental phenomena, such as
briet periods of anxiety, confusion, or psychosis.

There is not yet any conclusive evidence as to whether prolonged
use of marijuana causes permanent changes* in the nervous system or
sustained impairment of brain function and behavior in human beings.
In a few unconfirmed studies in experimental animals, impairment of
learning and changes in electrical brain-wave recordings have been
observed several months after the cessation of chronic administration
of marijuana. In the judgment of the committee, widely cited studies
purporting to demonstrate that marijuana affects the gross and
microscopic structure of. the human or monkey brain are not convincing;
much more work is needed to settle this important point.

Chronic relatively heavy use of marijuana is associated with
behavioral dysfunction and mental disorders in human belngs, but
available evidence does not establish if marijuana use under these
circumstances is a cause or a result of the mental condition. There
are similar problems in interpreting the evidence linking the use of
marijuana to subsequent use of other illicit drugs, such as heroin or
cocaine. Association does not prove a causal relation, and the use
of marijuana may merely be symptomatic of an underlying disposition
to use psychoactive drugs rather than a "stepping atone” to
involvement with more dangerous substances. It 1s also difficult to
sort out the relationship between use of marijuana and the complex
symptoms known as the amotivational syndrome. Self-selection and
effects of the drug are probably both contributing to the
motivational problems seen in some chronic users of marijuana.

Thus, the long-term effects of marijuana on the human brain and
on human behavior remain to be defined. Although we have no
convincing evidence thus far of any effects persisting in human
beings after cessation of drug uae, there may well be subtle but
important physical and psychological consequences that have not been
recognized.
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EFFECTS ON THE CARDIOVASCULAR AND RESPIRATORY SYSTEMS

There is good evidence that the smoking of marijuana usually causes
acute .changes in the heart and circulation that_ae.. characteristic_ o_f
stress/ but there is no evidence to" indicate that a permanently
deleterioua effect on the normal cardiovascular system occurs. There
Is good evidence to show that marijuana increases the work of the
heart, usually by raising heart rate and, in sane persons/ by raising
blood pressure. This rise in workload poses a threat to patients
with hypertension/ cerebrovascular disease/ and coronary
atherosclerosis.

Acute exposure to marijuana smoke generally elicits broncho-
dilation; chronic heavy smoking of marijuana causes inflammation and
pre-neoplastic changea in the airways/ similar to those produced by
smoking of tobacco. Marijuana smoke is a complex mixture that not
only has many chemical components (including carbon monoxide and
"tar") and biological effects similar to those of tobacco smoke/ but
also some unique ingredients. This suggests the strong possibility
that prolon%ed heavy smoking of marijuana/ like tobacco/ will lead to
cancer of the respiratory tract and to serious impairment of lung
function. Although there ¢ -evidence of impaired lung function In
chronic srjokers# no direct confirmation of the likelihood of cancer
has yet been provided/ possibly because marijuana has been widely
smoked in this country for only about 20 years/ and data have not
been collected systematically in other countries with a much longer
history of heavy marijuana use.

EFFECTS ON THE REPRODUCTIVE SYSTEM AND ON CHROMOSOMES

Although studies in animals have shown that t-9-THC (the major
Bsychoactive constituent of marijuana) lowers the concentration in
lood serum of pituitary hormones (gonadotropins) that control
reproductive functions/ it is not known if there is a direct effect
on reproductive tissues. Delta-9-THC appears to have a modest
reversible suppressive effect on sperm production in men, but there
Is no proof that it has a deleterious effect on male fertility.
Effects on human female hormonal function have been reported/ but the
evidence ia not convincing. However/ there is convincing evidence
that marijuana interferes with ovulation in female monkeys. No
satisfactory studies of the relation between uae of marijuana and
female fertility and child-bearing have been carried out. Although
A-9-THC is known to cross the placenta readily and to cause birth
defects when administered in large doses to experimental animals, no
adequate clinical studies have been~c!rriW out to determine if
marijuana use can harm tha human fetus. There is no conclusive
evidence of teratogenicity in human offsprin%/ but a slowly developing
or low-level effect might be undetected by the studies done so far.
The effects of marijuana on reproductive function and on the fetus
are unclear; they may prove to be negligible/ but further research to
establish or rule out such effects would be of great importance.
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Extracts from marijuana smoke particulatas (m tar"L have been
found to produce dose-related mutations in bacteria; however#
4-9-TBC, by itself/ is not mutagenic. Marijuana and A-9-THC do

not appear to break chromosomes, but marijuana may affect chromosome
segregation during cell division/ resulting in an abnormal number of
chromosomes in daughter cells. Although these results are of
concern/ their clinical significance ia unknown.

THE IMMUNE SYSTEM

Similar limitations exist in our understanding of the effects of
marijuana on other body systems. For example/ same studies of the
immune system demonstrate a mild, immunosuppressant effect on human
beings, but other studies show no effect.

THERAPEUTIC POTENTIAL

The committee also has examined the evidence on the therapeutic
effects of marijuana in a variety of medical disorders. Preliminary
studies suggest that marijuana and its derivatives or analogues might
be useful In the treatment of the raised intraocular pressure of
glaucomal/ in the control of the severe nausea and vomiting caused by
cancer chemotherapy/ and in the treatment of asthma. There also is
some preliminary evidence that a marijuana constituent (cannabidiol)
might be helpful in the treatment of certain types of epileptic
selzures/ as well as for spastic disorders and other nervous system
diseases. Out/ in these and all other conditions, much more work is
needed. Because marijuana and A-9-THC often produce troublesome
psychotropic or cardiovascular side-effects that limit their
therapeutic usefulness, particularly in older patients, the greatest
therapeutic potential probably lies in the use of synthetic analogues
of marijuana derivatives with higher ratios of therapeutic to
undesirable effects.

THE NEED FOR MORE RESEARCH ON MARIJUANA

The explanation for all of these unanswered questions is insufficient
research. We need to know much more about the metabolism of the
various marijuana chemical compounds and their biologic effects.

This w ill require many more studies in animals, with particular
emphasis on subhuman primates. Basic pharmacologic information
obtained in animal experiments will ultimately have to be tested in
clinical studies on human beings.

Until 10 or 15 years ago, there was virtually no systematic,
rigorously controlled research on the human health-related effects of
marijuana and its major constituents. Even now, when standardized
marijuana and pure synthetic cannabinoids ara available for
experimental studies, and good qualitative methods exist for the
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measurement of A-9-THC and its metabolites in body fluids, well-
designed atudias on human baings ara relativaly fev. Thera ara
difficultias in studying tha clinical effacts of marijuana in human
baings, particularly tha affacts of long-term usa. And yat, without
such studias tha debata about tha safety or hazard of marijuana will
remain unresolved. Prospective cohort studies, as well as retro-
spective cane-control studias, would be useful in identifying long-
term behavioral and biological consequences of marijuana use.

The federal investment in research on the health-related effects
of marijuana has been small, both in relation to the expenditure on
other iflicit drugs and in absolute terms. The committee considers
tha research particularly inadequate when viewed in light of the
extent of marijuana use in this country, especially by young people.
Wc believe there should be a greater investment in research on
marijuana, and that investigator-initiated research grants should be
the grimary vehicle of support. )

he committee considers all of the areas of research on marijuana
that are supported by the National Institute on Drug Abuse to be
important, but we did not judge the appropriateness of the allocation
of resources among those areas, other than to conclude that there
should be increased emphasis on studies in human beings and other
primates. Recommendations for future research are presented at the
end of Chapters 1-7 of this report.

CONCLUSIONS

The scientific evidence published to date indicates that marijuana
has a broad range of psychological and biological effects, some of
which, at least under certain conditions, are harmful to human
health. Unfortunately, the available information does not tell us how
serious this risk may be. .

Our major conclusion is that what little we know for certain
about the effects of marijuana on human health—and all that we have
reason to suspect—justifies serious national concern. Of no less
concern ia the extent of our ignorance about many of the most basic
and important questions about the drug. Our major recommendation is
that there be a greatly intensified and more comprehensive program of
research into the effects of marijuana on the health of the American

people.



INTRODUCTION

The Institute of Medicine (IOM) of the National Academy of sciences
has undertaken this review and analysis of the health-related effects
of marijuana* at the request of the Secretary of the Department of
Health and Human Services (DHHS) and the Director of the National
Institutes of Health (NIH).

Scientific controversy and public confusion about marijuana
continue unabated and perhaps even are expending, notwithstanding
numerous reporta on the topic from authoritative agencies and
organizations (Fifth, Sixth, Seventh, and Eighth Annual Reports from
tho Secretary of Health, Education and Welfare to the Congress on
Marijuana and Health? Fehr, et al., Cannabis; Adverse Effects on
Health, 1980a; Tinklenberg, Marijuana and Health Hazards and
Marijuana in the '80s, a report of the Council on Scientific A ffairs,
the American Medical Association, 1980). Increasing use of this
substance and growing concern about its possible long- and short-term
consequences for human health have added some urgency to the need for
reassessment of the available data. Interest has been further
huightened by recent suggestions that marijuana may also have some
medical thera,oeutic value, which only intensifies the debate about
what our public policy towards marijuana ought to be.

With this as background, the Secretary of Health, Education, and
Welfare, Joseph A. Califano, Jr., in a press statemsnt on April 18,
1979, announced the Intention of his department to undertake a review
that would " ... assess the information and scientific work now
available on the effects of marijuana.” He followed that with a
memorandum on May 16, 1979, to Donald S. Fredrickson, Director of NIH
in which he further stated;

This review must be undertaken by an independent jciantific
body that has not staked out a position in this highly
controversial field. This review should be conducted by a

"The terms marijuana and cannabis w ill be used interchangeably in
this report. Strictly speaking, they are not synonymous; cannabis i»
the more general term. (See Glossary, page 9.)

6
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group of distinguished biomedical and clinical scientists and
should involve thorough, systematic review and analysis of
the research literature. . . . The report should identify the
moat urgently needed and promising lines of inquiry to build
a firmer base for decision-making in years to come. The
information should be available in a clear and incisive form
for the general public.

While the Alcohol, Drug Abuse, and Mental Health
Administration (ADAMHA) and its National Institute on Drug
Abuse (NIDA) have provided leadership in research related to
biological and health effects of marijuana, it is most impor-
tant that we have a review by an independent nongovernmental
body, such as the Institute of Medicine. In order to avoid
even the appearance of a conflict of interest, inasmuch as
this review w ill cover part of the research plan of
ADAMHA-NIDA, | believe it is important that the National
Institutes of Health serve aa the responsible DHHS agency for
seeing that such a review is conducted.

Following Mr. Califano's resignation, subsequent secretaries have
confirmed to the Director of the NIH their desire to see this review
carried forward. Accordingly, a contract between the NIH and the IOM
was executed to provide for a study to commence September 30, 1980,
and be completed by December 29, 1981.

THE COMMITTEE'S TASK
Under this contract, the IOM agreed to appoint a committee to:

1. analyze existing scientific evidence bearing on the possible
hazards to the health and safety of users of marijuana;

2, anaI?/_ze data concerning the possible therapeutic value and
health benefits of marijuana;

3. assess federal research programs in this area;

4. identify promising new research directions, and make
suggestions to imFrove the quality and usefulness of future research;
5. draw conclusions from this review that would accurately
assess the limits of present knowledge and thereby provide a factual,
scientific basis for tha development of future government policy.
Such an assessment also should be helpful to private citizens who

want to make their own informed decisions about this subject.

The _committee's_chargi.e specifically excluded the analysis or
formulation of public policy*

PROCEDURE FOR THE STUDY

Primary responsibility for the conduct of the study was vested in a
steering committee of 22 biologists, hehavioral scientists, and
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clinicians. Although they all were experts in relevant disciplines,
only a few had previously been involved in the study of aarijuana or
had taken public positions on the subject. The coennittee was divided
into six. panels, each concerned vith aajor scientific areas:
cardiovascular and respiratory systen affects; neurobiological
effects; epidemiological, behavioral, and psychosocial effects;
reproductive biology and effects on the fetus; pharmacology, cell
biology, and immunology; and genetic and oncogenic effects. Each
panel was chaired by a member of the committee and usually had one or
more additional ccmmittee members and several expert consultants,
whose names appear in the front of this report. The ccemlttee also
consulted with mang other experts in the course of its work and
received valuable help from many persons and organizations.

The fu Il committee met five times to coordinate and assess its
progress. In the intervals between these meetings, the panels held
their own independent sessions and various ad ¢ working groups met
as necessary. Tha chairman and members of the committee staff were
invited observers at the Conference on Adverse Health and Behavioral
Consequences of Cannabis Use, which was sponsored by the Addiction
Research Foundation (ARE) of Ontario and the World Health Organization
(WHO) and held in Toronto, Canada, from March 30 to April 3, 1981,
Other members of our committee served as Workin% members of that
conference. We were also fortunate in being able to work closely
with members of the ARE/WHO conference staff and havinﬂ access to all
the documents prepared for the Canadian meeting as well as the
revised draft of the summary report of the conference (1981).

The committee began by systematically reviewing all the
literature published since 1975 oo marijuana and related subjects,
which had been collected- by our staff through a Medline computer
search. Earlier literature was selectively examined, as were a
variety of other documents, reviews, and monographs on tha subject.
Our objective was not merely to compile and summarize, but also to
evaluate the evidence critically and, with the aid of our consultants,
form some judgment of tha quality and reliability of the work. Our
report is an assessment of what ia and is not known, based on our
best interpretations of the scientific literature. We confined our
attention to published scientific articles as the primary sources of
information, relying heavily on experts in each field to select the
relevant papers and help us interpret the data.

To abSaim eiiitleoal iafermatlcn and opinions from the public and
from professional troupe on the health-related effects of marijuana,
we solicited written responses in a notice in the Federal Register of
February 2d, 1991. Responses were received and incorporated into the
records of the committee. (See Appendix A for a complet#
description.) The responses fall into three categories:

1. The dangers of marijuana. Lettsrs in this catsgory came from
mothers whose children were using or had used marijuana. These
parents believed that dru? use by their children led to a lack of
motivation and loss of interest in school and other activities.
Lettsrs about the harmfulneas of the use of marijuana were also
recsived from physicians and scientists.
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2. The therapeutic potential of marijuana. Half of tha
responses vara from paopla vho used marijuana illegally for varloua
madical problems and vho urgad that It ba mada easily available to
patianta. Savaral lattara aubaittad by Ia?ialators and doctoru
daacrlbad problaaa in obtaining marijuana for tharapautic uaa (aaa
Appandix B). A group intaraatad in tha lagitiaata madical uaa of
cannabia emphasized tha naad for continuing investigation into tha
numerous conatituanta of tha marijuana plant for tharapautic uaaa.

3. Support of ganaral uaa and legalization of marijuana.
Lattara vara received from individuals and groupa favoring tha uaa of
marijuana and activaly promoting ita legalization.

Thia raport covara moat of tha concarna expressed hy tha public,
axcapt tha queation of lagalizatlon. Tha varloua atatamanta Includad
many opiniona and auch anacdotal avidanca from layman and
scientiata. Tha committee took nota of thia material, but haa not
citad any of it in thia raport unlaaa it vaa aupportad by publiahed
data in tha aciantlfic litaratura.

THE ORGANIZATION OP THE REPORT

Thia raport ia dividad into aight chaptara and a aummary. Tha
aummary includaa tha principal findInga and concluaiona of tha atudy,
togather vith auggaationa for futura raaaarch,

Tha firat chaptar raviava what is knovn about tha chamiatryand
pharmacology of marijuana. Chaptar 2 davit vith tha apidamiology and
demograﬁhy of tha uaa of marig’uana in tha United States. Tha next
three chapters discuss tha affects of marijuana on calls, tissues,
organs, and biological systems. Chaptar ¢ deals vith behavioral and
psychosocial effects. Chapter 7 discusses tha present status of
marijuana as a tharapautic agent. Chaptar s describes and analyzes
the federal research program on marijuana.

This report ia intended to be intelligible toreaders vho arenot
expert on the subjects at hand. We have tried touse technical
language only vhere accuracy would be compromised by less precise
terms, and to keeﬁ the discussions as brief and as clearly stated as
Is consistent vith our obli?ation to present a valid critique of the
state of knowledge in this field. Although we have surveyed the
literature as thoroughly as possible, our citations are selective
rather than exhaustive, because they are intended to illustrate or
document only the key points in the discussion. Por comprehensive
bibliographies, see Waller et al., 1976; Abel, 1979; and Kalant et

al., 1980.

GLOSSARY OP TERMS POR MARIJUANA-RELATED PRODUCTS

CANNABIDIOL (CBD) and CANNABINOL (CBN) are major cannabinoids
generally present in cannabis (see CANNABIS and CANNABINOQIDS).



CANNABINOIDS are a class of 21-carbon compounds present in
Cannabis satlva. The basic structure contains a six-raembered
hydroarooatic ring and a benzene ring joined by a pyran moiety (see
Pigura 1-1 in Chapter 1). Derivatives include a number of carboxylic
acids, their analogues, and transformation products.

CANNABIS ia a general term for any of the various dpreparations of
the plant Cannabis sativs and the cannabinoids obtained from it.
"Cannabinoid" ia a generie term for a class of compounds. Cannabis
aativa, also called hemp, is an herbaceous annual plant that readily
grows in temperate climates. Depending on the geographic region, and
other considerations, the various natural preparations of cannabis
possess different phgsmal characteristics and concentrations of
cannabinoids. Cannabis preparations may contain over 420 different
compounds; of these, 61 have been identified as cannabinoids, many of
which possess some biological activity. Marijuana, hashish, and
tetrahydrocannabinol are examples of different forms or components of
cannabis.

HASHISH is a resin, generally more Eotent than marijuana, which
Is obtained fron Cannabis aativa by shaking, f)ressing, 0r scraping
Ithe leaves and flowers of the plant and usually contains some of the
atter.

MARIJUANA is a general term for crude preparations obtained from
tha plant Cannabis sativa and is a mixture of crushed leaves, twigs,
seeds, and sometimes the flowers of this plant. In the United
States, the term "marijuana” has often been used interchangeably with
cannabis to refer to any part of the plant or extract therefrom or
any of the synthetic cannabinoids that induce somatic and psychic
changes in man.

INSEMILLA is a seedless variety of high-potency marijuana,
originally grown in California.

TETRAHYDROCANNABINOL (THC) is one of the major groups of
cannabinoids. Delta-f-THC is the principal active constituent in
natural cannabis preparations. Delta-9-rac is also known as
&-1-TBC, by a different system of nosnnclature. (In the United
States, the 4-IWHC content of marijuana ranges from unmeasurable
amounts to about 6 percent.) Another active isomer, &-8-THC, is
less often present in marijuana and typically occurs in minute
amounts. Many derivatives of A-9-THC have been synthesized.
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CHEMISTRY AND PHARMACOLOGY
OF MARIJUANA

Tha cannabis plant (Cannabis aativa) thrivts undar a variaty of
%rowing conditions. It has baan cultivatad foe centuries, mainly for
asp fihar, but also for its paychoactiva and putativa medicinal
properties (Abel, 19807 Turnar at al., 1980). Although tha
behavioral and psychological affacta were wall dascribad in
litaratura of tha ninataanth cantury (Kalant and Kalant, 1968), tha
complex chaaistry and pharmacology of tha cannabis plant discouragad
axtansiva invastigation until about 15 yaars ago.

Tha most prominent affacts of cannabis ara on psychological
phenomena and bahavior. Psychopharmacology and bahavioral
pharmacology have davalopad as divisions of scientific inquiry only
over tha past 25 yaars? therefore, tha older cannabis literature, no
matter how valuable for observations on other matters, does not
provide a basis for quantitative pharmacological analysis and
evaluation.

Early pharmacologists could work only with crude extracts of the
plant. AIthou%h tha general structure of tha cannabinoids (Figure 1)
was known by tha turn of the cantury, tha particular cannabinoids
that ware identified early and M«re available as pure substances ware
largely devoid of tha characteristic psychoactive and other
pharmacological affects of cannabis. Synthetic cannabinoids with
cannabislikai activity became available in tha 1930s. It was not
until 1964 that an active ingredienc of cannabis was identified as
A-9-tetrahydrocannabinol (THC) and synthesized (Figure 1) (Gaoni
and Mechoulam, 1964? Mechoulam and Gaoni, 1965, 1967). In tha
mid-1960s, the isolation and synthesis of the main ps%choactive
component of cannabis and related cannabinoids, together with a rapid
increase in tha use of marijuana by middle class North Aaorican
students, stimulated scientific activity (Waller et al», 19767 Waller
et al., in press). This chapter, an overview of cannabis chemistry
and pharmacology, emphasizes difficulties in the study of this drug
I(_explored further in subsequent chapters) and in evaluating the
iterature.,
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Cannsbidiol 11-hydroxy-A-9-THC
FIGURE 1 Cannabinoid structures

CANNABIS CHEMISTRY
Chemistry of tha Plant

Cannabis, tha cruda aaterial from tha plant Cannabla aativa. contains
hundreds of chemicals. Most of thaaa ara found in other plants, but
61. termed cannabinoids. ara unique to th.« cannabis Plant (Tabla 1).
Natural and most synthetic cannabinoids a*e relatively insoluble in

water, but dissolve in fats and fat solvents and are therefore called
lipid soluble.

A single cannabinoid. A-9-THC. produces almost all the char-
acteristic specific pharmacological effects of the complex, crude
cannabis mixtures. A number of synthetic cannabinoids have pharmaco-
logical affects similar to A-9-TBC. Other cannabinoids in the
plant, for example, cannabinol (Figure 1). are alaeet inactive
pharmacologically os may'Interact with A-f-THC to modify its
actions. One cannabinoid. cannabldiol (CBO). can influence the
metabolism of another. A-9-TBC (Siemens et al.. 1976). A few
cannabinoids have effects quite different from i-M 8C. For
example, cannabidiol (Figure 1} has relatively little psychoactive
and cardiovascular effect but is an active anticonvulsant (Karler and
Turkanis. 19811,

Investigators have chemically altered the A-9-TBC molecule in
an attempt to determine which of its structural elements are required
to produce behavioral or other effects (Mechoulam et al.. 1980).
Studies of structure-activity relationships indicate that, to produce



TABLE 1

1

9.
10.
11,
12.
13.
14,
15.
16.
17,
18.

14

Cannabinoids: 61 known

Cannabigerol (CBG) type: & known
Cannabichroaene ICBC] type: 4 known
Cannabidiol (CBO) type: 7 known
a-9-T«trahydrocannabinol (A-9-THC) type:
A-g-T«trahydrocannabinol (4-8-THC) type:
Cannabllcycllol CBL% typ«: 3 known
Cannabiefooin (CBE) type: 3 known
Cannabinol _(CBR ty[?e: 6 known
Cannabinodiol (CBND) type: 2 known
Cannabifcriol (CBT) type: & known
Miscellaneous types: 9 known

Othar cannabinoids: 4 known

Ll ) () o OO T o»

Nitrogenous compounds: 20 known

. Amino acids: 18 known

Proteins, glycoproteins, and enzymes: 9 known

Sugars and related compounds: 34 known

. Hydrocarbons: 50 known

Simple alcohols: 7 known

. Simple aldehydes: 12 known

Simple ketones: 13 known

Simple acids: 20 known

Patty acids: 12 known

Simple esters and lactones: 13 known
Steroids: 11 known

Terpenes: 103 known

Noncannabinoid phenols: 16 known
Plavanoid glycosides: 19 known
Vitamins: 1 known

Pigments: 2 known

SOURCE: Adapted frco Turner, 1980.

Chemical Constituents of Cannabis Preparations

9 known

2 known
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effects on behavior, a pyran ring must ba part of tha three-ring
system, a free phenolic hydroxyl on tha aromatic ring at C-l, and a
lipophilic aida chain' (C A1) at C-3 (Figure 1). Understanding
chemical atructure-effect ralationahipa ia important to guide tha
ayntheals of cannabinoida with differing pharmacological affects.
Different effects of a-9-thc activity b( chemical design w ill

require further synthases and pharmacological study of a large number
of cannabinoids.

Chemistry of the Smoke

It is impossible to understand tha effects of cannabis without
quantitative control of the composition and the amount of the active
substances, that is, control over the dose. Systematic pharmacology
must therefore be performed using pure compounds. In the United
States, cannabis usually is smoked, which cenplicatea the’
pharmacology.

Tha smoke from any burning plant contains hundreds of chemicals
that may have biological effects. This poses a dilemma for
researchers, because consequences of smoking cannabis cannot be fully
determined by studies only of the pure cannabinoids. Studies also
are kn.eeded with doses of A-9-THC delivered, however imperfectly, by
smoking.

Tﬁe dose of a-9-THC obtained from smoking cannabis varies
greatlg, depending on many factors (Table 2). Pirst, the content of
a-9-TEC depends on the genetic background or phenotype ef the
plant, the sex of the plant, conditions of growth and storage, and
the plant preparation smoked. Second, much of the A-o~THC In fresh
leaves that can be detectad by gas-liquid chromatography (GLC) is in
inactive carboxylated form. Decarboxylation to the active A-9-THC
occurs slowly during storage and rapidly during heating, such as
occurs in smoking or GLC anaIYsis. Third, the wey in which a
cigarette is smoked can greatly affect bow much of the A-9-TBC
content is absorbed by the smoker*

Cannabis smoke is similar to tobacco smoke in that it is a
mixture of very small particlea and a gas-vapor phase. Both the
particulate and vapor phases contain many identified and probably
seme still unidentified constituents that, based on clinical
experience with tobacco smoke, must be assumed to be potentially
harmful (Leuchtenberger and Leuchtanberger, 1976). The amounts of
sane materials in tobacco cigarette and marijuana cigarette smoke are
compared in Table 3. Toxic substances, auch ss carbon monoxide,
hydrogen cyanide, and nitroaamines occur in similar concentrations in
tobacco and marijuana smoke; so do the amounts of the particulate
material known collectively as "tara."

[t is not easy to compare the toxicity of s given number of
marijuana cigarettes to a given number of tobacco cigarettes. There
are general similarities in the costgosltion of the smoke, but the
variations in composition of both tobacco and marijuana cigarettes
and differences in smoking techniques make simple extrapolations of
risks of tobacco versus marijuana smoking not valid.
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TABLE 2 Concantrationa of A-9-THC in Different Variatiaa of

Marijuana

Typa

Napall
Maxicd
Pakiatanf
Colombia!

Indial.

Jamaica (Ganja)ll.
Unitad Stataaf
Sinaamilla (fibar)—

Sinaam illa
(internediate)-

Sinaaailla (drug)ii

Haahiah
(UN. standard)—

NIDA (cigaratta 1)£
NIDA (cigaratta 2)f

Cruda marijuana
axtracts.

Illic it haahiah 0ilS.

Raaaarch harvasta

Parcant A-9-THC Normalizad
(Parcant by Waight) Avaragas!
2.81
1.68 1.00
1.30

3.00-3.50

0.46
(grown abova 2000 m)

1.39
(grown balow 2000 m)

2.80 (maan)
0.35

0.21

3.58
6.28 3.00-11.00

2,22 (1.40)— 1.90
0.84

1.86 (2.8)1

20.00

10.00-30.00 20.00
(up to 60)iL

0.90-2.80

SOURCES: (a) Jonas, 1980; (b) Braandan, 1972; (c) Turnar, 1974; (d)
Turnar, 1980, ?) Turnar# 1981; (f) Turnar at al.# 1979; (9.

Rosankrantz, 1

81; (h) Marahman at al., 1976.
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TABLE 3 Marijuana and Tobacco Reference Cigarette
Analysis of Mainstream Smoke

A.

Cigarattaa

Avaraga v*ight, ag
M oiatura, parcant
Praaaura drop, c*
Stacie burning raca, ag/a

Puff nuabar

M aimtraaa aaoira

Ga« pnaaa

Carbon aonoxida, vol. pareanc
=9

Carbon dioxida, vol. parcant
*9

Aaaonia, ug

UCN, ug

Cyanogan (CN) j e+ u9
laoprana, ug

Acaealcanyda, ug

Acatona, ug
Acrolain, ug
Aceeonrtnla, ug

Banzana, ug
Toluana, ug
Vinyl cnlonda, ngft
Diaatnyinitroaaaina, ngé&
Macnylachylnicroaaa.-.na, ngl.
pM, third puff

fifth puff

aavantn puff

ninth puff

tantn puff

1. Particular* phaaa

Total particulata aattar, dry, ag

Phanol, ug
o-Craaol, wug
»- and g-Craaol, wug

Diaatbylphanol, ug
Cataehol, ug
Cannabidiol, ug

A)J-T *trahydrocannabiool, ug
Cannabinol, ug

M Icotina, ug

N -NItroaonornicotina, ngi
Napnthalana, ug
1-Maebylnaphthalana, ug
2-Hathylnapnthalana
Bans(a)anenracana, ngi
Bamo(a)pyrana, ngA

Alndicataa known carclnogana.
SOURCX31 aoffmann «c al., 1975, 1976)

M arihuana
Cigaratta
(SS aa)

1115
10.3
14.7

17.6

57.3
221t
532

19

83

1200
443

92
132

76
112

5.4

75

27

iS.56

6.58
6.56
6.56

22.7
76.8
17.9-
54.4

isa

190
820
400

75
31

Brunnaaann

it

al

Tobacco
Cigaratta
(85 as)

1110

11.1
7.2

11.1

20.2

45.0
199
498

20
310
980
578

85
123

67
108

12.4

84

30

6.02

39.0
138.5
24*
65
14.4
328

2850
300
1.2
3.65
1.4
43
21.1

1974, 1977.
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Other Preparations

Besides the crude plant leaf material for smoking/ usually called
marijuana/ resinous material from the plant/ called hashish/ and
solvent extracts of the plant/ termed hashish oil/ sometimes appear
on the illicit market. In many parts of the world/ hashish is more
commonly used than marijuana. Aa with all cannabis preparations/ the
&-9-THC content of hashish varies enormously/ but the upper limits
of A-9-THC content are usually much hi%her_than.for marijuana: 7
percent or higher and even higher for hashish oil (Table 2).
However/ even these generally more potent forms of cannabis may
occasionally contain much less A-9-THC.

The mere designation of the nature of a cannabis preparation is
an unreliable predictor of its A-9-THC content. The practical
consequence of this for the clinical researcher is that the exposure
to cannabis users ia not known.

What Potency of Marijuana Is Available From Street Samples?

Because of the many confounding variables mentioned above/ it is
difficult to know what potency of psrchoactive drug is in marijuana
rold illicitly* Tha concentration of A-9-THC in a given sample
will vary (Ritzlin et al./ 1979). The content of A-9-THC from
various street samples has been asaayed. Marijuana from Drug
Enforcement Administration confiscated samples; samples received
through psychiatrists, police departments; and state crime
laboratories/ and fugitive* samples were quantitatively analeed for
A-9-THC and other cannabinoids. A physical description of the
sample was made—e.g., buds, sinsemilla. The plants were also
categorized by origin—-where they were cultivated. The analysis
showed that tremendous variability exists in the potency of A-9-THC
on the street; normalised samples ranged from zero to 11 percent
A-9-THC (Turner, 1381). —

Analytic Methods

Detection and measurement of cannabinoids and thair metabolites in
body fluids is far more difficult than with such drugs as alcohol.
The blood and tissue levels resulting from uae of ordinary cannabis
ara vmty- low—nanogramet per m illiliter or lower. In addition,
compounds like steroids, occurring normally in body fluids interfere
vith the measurement of cannabinoids in blood and can make the test
much less sensitive then if pure cannabinoids in an uncontaminated

*Samples received, when no arrests were made,
tone billionth of a gram.
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solution are being analyzed (Harvey et al., 1980; Harvey and Paton,

1980).

/lcombination of gas-liquid chromatography and mass spectrometry
Is the most sensitive direct method of measuring cannabinoids. That,
however/ requires skilled technicians and expensive equipment not
readily available. Using modifications of thia experimental
technique/ one can measure as little as s picograata* of A-9-TBC in
a milliliter of plasma (Harvey et al./ 1980; Harvey and Paton,
1980). Radioimmunoassay and enzyme immunoassay techniques also are
available/ the lower limits of sensitivity of these methods now are
not adequate for reliable measurements of A-9-THC in human blood
more than a few hours after drug administration. A readily available
enzyme immunoassay w ill detect cannabis metabolites in the urine for
as long as a week after the smoking of a single marijuana cigarette.
Thus, a positive urine test by this method is met necessarily
indicative of uae within the previous few hours and does not provide
evidence of recent intoxication as a breath test does for alcohol.
Assays for cannabinoids are likely to remain far more complicated
than for alcohol and many other drugs.

PHARMACOLOGY OF CANNABIS

Implicit in a discussion of the effects of any drug is some
determination of dose. The intensity and duration of effects in
relation to drug dose must be determined or inferred from adequate
pharmacologic study. The intensity and duration of a drug effect
depends on at least three major factors:

1. _Theconcentration of the drug at the sites of actioninthe
body.  Thisis determined by the dose/ what the drug is dissolvedin
or mixed with/ the route of administration/ and the pharmacokinetics

of the drug.

2. hesensitivity of the cells the drug acts upon.

3. Thephf/smloglcal state of the bodily systems being
affected. This/ in turn/ depends on interactions with other systems
and, especially for drugs with behavioral and psychological effects,
as well as environmental and experiential factors, including the
presence of other drugs.

With cannabis, many or even most of these factors are not always
measurable or under the control of on investigator.

*1 pg = 10-12 gran».
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Potency and Pharmacokinetic Considerations

Pharmacokinetic studies of the absorption, distribution, metabolism,
and elimination of A-9-THC determine how long t-9-THC and its
metabolites remain in the body. Pharmacokinetics vary with the route
of drug administration and auch factors as lipid solubility;

A-9-THC tends to remain for long periods of time infatty tissue.

When smoked, A-9-1EC i» rapidly absorbed by the blood in the
lung. If taken orally, A-9-THC is not absorbed into the blood as
rapidly. The rate of disappearance of A-9-THC from the blood
varies with time (Lemberger et al., 1971ab, 1972; Ohlsson et al.,
1980). High bleed,lerela fall rapidly, for tha first 30 minutes, as
the 4-9-THC distributes to tissues' wiffiT iigIThlood'flow. After the
initiel distribution, the blood level falls much more slowly with a
half-life* of 19 hours or more (Hunt and Jones, 1980). Metabolitest
0f A-9-THC have their own independent rates of elimination.
Trpically, metabolites axe eliminated more, slowly, having a half-life
0 aJJpromm.at.ely 50 hours (Hunt and Jones’, 1980). _

After an injection of a smgle dose of A-_9-THC,apprOIX|mate|g
25-30 percent of the compound and its metabolites remain in the body
et 1 week (Lemberger et al., 1971b; Hunt and Jones, 1980).
Essentially comé)lete elimination of e single dose may take 30 days or
longer (Jones,ri980). Thus, repeated administration of even small
doses may lead to an accumulation of drug higher than levels reached
at any time after a single dose.

Absorption

Inhaling smoke from a cannabis cigarette or pipe is pharmaco-
kinetically different from ingesting cannabis. Smoking Is a far more
efficient way of delivering cannabinoids to the brain than ingestion
because of the large surface area of the lungs. Inhaled, the
cannabinoids in the emoka go rapidly from the lungs into the blood to
the left side of the heart and are carried in seconds to the brain
and other organs before passing through the liver. When smoked, a
drug reaches the brain with relatively little time for metabolism or
dilution. Many substances with high lipid solubility such as
cannabinoids go quickly from blood into tissues, including brain
tissues. Psychological and cardiovascular effects of cannabis are

*The half-life is a measure of how rapidly a dru% Is eliminated. It
is the time required for the level of a drug to be reduced by
one-half. If starting levels ere ten unite and the half-life is 24
hours, then 1 day after administration, the level will be 5 units, 2
daKs after administration 2.5 units, etc. o .
iThei,, are more then 45 metabolites of major cannabinoids identified
in different species, at least one of which, 11-OH-A-9-THC, is

psychoactive,
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evident within a few seconds of inhalation. Peak effects occur about
the time sacking is completed.

When taken by mouth, cannabinoids usually are in solutions or
suspensions. The material they are mixed with affects the rate of
absorption. Por example, blood levels of h-9-THC were higher and
laster Ionger when given in an oily solution than in an ethyl alcohol
solution (Perez-Reyea et al., 197 2 This suggests that cannabis
eaten in food mixtures containing fat is better absorbed.

An important difference between sacking and in?estion is that
when cannabinoids are absorbed from the got, blond containing
them first goes directly through the liver. The liver rapidly clears
the £-9-THC from the blood and ensyaetically changee auch of the
a-9-THC to other metabolites before it retches the brain (Hunt and
Jones, 1980). A large amount is metabolised to Il-hydroxy-A-$*-THC
(Figure 1). It is unknown if the spectrum of effects of this
metabolite is identical to that of A-9-TBC. When taken by mouth,
in contrast to when smoked, two or three times more d-9-THC is
required to obtain equivalent acute psychological and physiological
effects. After oral doses the effects develop more slowly, last
longer, are more variable, and cannot be controlled by the recipient
one* the cannabis has been swallowed. In contra***., the smoker feels
the effects quickly and can modify inhalation at any time, although
overdosage ia still possible. Unpleasant reactions to overdose are
more common following ingestion thsn inhalation.

Avarletr of other routes of administration have been used
experimentally in humans and in animals, including intravenous,
intraperitoneal, subcutaneous.* intramuscular, topical (on che skin),
and into the conjunctival sac (eye). These various routes influence
the time to onset of effect, duration and peak intensity, and the
rate with which the effect disappears. Direct comparison of findings
in studies using differing administration routes is difficult and
must take these factors into consideration.

Human users of cannabis vary in their preferred routes of use.

In some countries and cultures cannabis is mainly taken by ingestion
LSfo.r example, India) and in others by inhalation” (for example, the
nited States). Because of the effecta of routs of administration on
pharmacology, it is reasonable to expect different health consequences
of the different routes of administration; therefore, comparisons of
health statistics among countries must be made with care.

Although smokin% avoids many of the absorption problem# discussed
above, a host of'other variables affecting dose are introduced, such
as the size and packing of the cannabis cigarettes, the way the smoke
is Inhaled, the number of puffs and the interval between puffs, the
temperature produced in the burning cigarette, and whether a cigarette
Is shared. Because of the progressive concentration of cannabis
constituents in the cigarette butt, the lest few puffs Kield con-
siderably more A-9-TEC and particulate matter thsn do the earlier
puffs. All theze and other factors affect the dcae received, and
only rarely have they been measured. Only some of these factors are
under the conscious control of the cannabis smoker. About balf of
the a-9-thc originally in a cannabis cigarette la lost by
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combustion, by butt entrapment, in smoke not inhaled# and in smoke
exhaled (Fehr and Kalant, 1972; Rosenkrantz, 1981).

It has been reported that, like nonsmokers of tobacco, individuals
in a poorly ventilated room where cannabis is smoked may passively
inhale active components (Zeidenberg et al., 1977). Because only
trace amounts of cannabinoid metabolites are present in urine of
these passive inhalers, it ia unlikely that the low levels of the
absorbed cannabinoids from the ambient air account for the so-called
m contact high.9 Experiencing subjective cannabis effects in the
Presence_of cannabis smokers could be explained by psychologic
actors in addition to any pharmacolo%m ones. But, because studies
have shown that children of parents who smoke tobacco are more likely
to have respiratory infectioms during the- first yeee of life —which
may be due to their being exposed to cigarette amoks in the atmosphere
(U.S. Department of Health, Education, and Welfare, 1979)—the issue
of passive inhalation of marijuana smoke ie worth further study.

Distribution

The iipid solubility of A-9-THC and other cannabinoids, including
those with highest pharmacologic activity, facilitates distribution
readily into tisauas and calls throughout the body so blood levels
dI’Oﬁ rapidly. Initially, cannabinoid concentrations are highest in
such tissues as lung, ltver, and kidney that have a high blood flow
(Agurell et al., 1969, 1970; Klauaner and Dingell, 1971). Delta-9-THC
crosses the placenta and enters the fetus of experimental animals
(Kennedy and Waddell, 1972). Ganmabiaoid levels in the human fetus
have not been studied. Small amounts are also found in the milk of
experimental animals and can be transferred to progeny (Jakubovic et
al., 1973; Chao et al., 1976). After initial distribution,
concentrations of cannabinoids in tissues, cells, and subcellular
compartments are highly nonuniform, determined no doubt by solubility
and other physicochemical characteristics. Therefore, blood
concentrations do not reflect concentrations at pharmacologically
active sites, as they do with alcohol.

Metabolism and Elimination

Elimination of drugs and their metabolites is mostly through
excretion by the kidney into the urine or by the gall bladder via the
bile into the intestine and out with the feces. Cannabinoids do not
pass out of the blood into the lungs and do not appear in breath in
appreciable quantities. Seme cannabinoids going into the intestine
WIEh Iblled are re%bsorbed. Sc;cme alsofdlffus_a back through the If(_ldnelyl/
tubules during the process of urine formation, e _gm S Tinally
excreted per unit of time are small. The new S§§VjA 0? f&uﬂn’(
trrt]ecytgzlidng Is that the cannabinoids are only slowly eliminated izom

e body.
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Studies of the disappearance of A-9-thC from human plasma have
led to reports of values of half-lives that ran%ed from 19 hours in
experienced users (Hunt and Jones* 1980) to 57 hours in naive uSers
(Lemberger et al.* 1971b). Whether this difference in half-life 1is
due to the experience of the user has not been established. Because
of their high lipid/water partition coefficients* A-9-THC and some
of its metabolites can be sequestered in fatty tissues. Following
the intravenous administration of radioactive A-9-THC to human
volunteers* however* 67 percent of the radioactivity was excreted in
1 week* 22 percent in the urine and percent in feces (Lemberger et
al.« 1971a). Almost no A-9-TBC itself was excreted in the urine.
There may be fairly rapid and complete metabolism of free A-9-TBC
followed by slow release and metabolism of sequestered A-9-THC and
retained metabolites. Because no direct measurements of cannabinoid
levels have been made in tissue samFIes from human cannabis users and
the data are limited in experimental animals* one can only infer from
blood levels what metabolites are accumulating and where,

In rats* after inhalation or intravenous administration of
radioactive A-9-THC, radioactivity persisted in the brain for at
least 7 days* mostly as metabolites (Ho et al.* 1970). When given
subcutaneously in rats* even at intervals as great as a day or two
apart* &-9-THC w ill accumulate as metabolites (Kreuz and Axelrod*
1973). Accumulation of some cannahinoids with even less frequent
intake appears likely. Although moet metabolites ere concentrated in
fatty tissues* they will slowly pass into plasms and circulata though
all parts of the body, particularly including such organs as the
brain* and generally all membranes. The health consequences of the
continued presence of such forei%n molecules are not known. The
marked persistence of the cannabinoids is quite unlike other widely
consumed agents* such as alcohol* nicotine* and caffeine* that are
_rapiEly metabolized and leave no trace a few hours after moderate
intake.

WHAT IS A LARGE OR SMALL CANNABIS DOSE?

Large and frequent doses of any drug are more likely to produce
adverse health effects then smell infrequent doses of the drug.

Thus* judgments of health consequences of the usu of cannabis can
only be made with implicit or explicit knowledge about doee. For the
reasons discussed above* the range of cannabinoid doses consumed
varies widely. Investigators usually report dose in terms of
marijuana cigarettes per unit of time* or they give some estimate of
the concentration of A-9-THC used for oral aPpIication. Thia is

not an adequate way to quantify the amount of cannabinoids actually
entering the body. Only one epidemiologic study provides a breakdown
of varying dose levels in excess of one cannabis cigarette daily
(Bachman at al.* 1981). Epidoniologic surveys have rot quantified
&-9-THC levels. When reporting lean frequent use patterns than one
cigarette per day* investigators use measures that make it difficult
to compare studies. In this report* any general or average dose
estimates are approximations.
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It ic generally agreed that sackin% fiva or six l-gram cannabis
cigaratta* daily is a larga dosa (Dornbush at al., 1971; Rosankrantz,
1981). Bacauaa of tha variability of A-9-THC content of cannabis
available froa street samples, it would be more appropriate to
consider this heavy use. The definition of a low dosa is more
controversial. samm consider ona Marijuana cigarette a day to be a
larga dose. Others think even ona cigaratta a weak is regular,
frequent, and a high doee.

With tobacco and alcohol, for vhich dosa is easier to quantif%,
it took many yaars to establish what a small or larga dosa might Dbe
in terms of specifying doses that significantly increased the risk of
various behavioral and health consequences. Even with those drugs,
there is still disagreement as to precisely what a small and "safe”
dose might be. There will be even more problems in specifying
typical cannabis doses end predicting their likely health
consequences.

In controlled laboratory conditions, ingested doses of more than
20 mg of A-9-THC generally are considered by both investigators and
cannahbis users to be large doaes. Doses of lesa than 10 mg are
considered small. Marijuana cigarettes containing more than 20 mg of
A-9-THC seem to be a large dose, and those with 10 mg produce
effects generally considered the result of e small dose. When
volunteers were allowed to select their own self-determined' smoked
doses in controlled experiments, seme smoked only one or two 20-mg
cigarettes daily, while other similar volunteers smoked six to ten or
more cigarettes per day. Variability in smoking patterns is great
and n'(t))tl easily quantified; only broad range estimates of dose are
possible.

GENERAL TOXICOLOGY

Delta-9-THC and related cannabinoids have very low lethal toxicity.
That ia, a very high single acuta dote of'A-9-THC ia required to

kill half of a population of experimental animals. This lethal doee
for 50 percent of the animals is called the U>50* Th* lack of
well-authenticated cases of human deaths- from acute A-9-THC or
cannabia overdose Is ooM Itften* vitJT'thc' experimental animal data.
The lethal dose increases as the phylogenetic tree is ascended. The
rat has an LDso of 40 mg/kg intravenously, in contrast to a 125
mg/kg in the monkey (Rosankrantz, 1S81).  Death is usually due to
cardiac dysfunction. Delta-9-THC appears to be the moat toxic of the
cannabinoids.

Studies of chronic cannabis administration to animals have
demonstrated delayed lethality. Animals die after several days of a
repeated high dose (Rosenkrantz, 1981). The reason for thia pattern
la unclear. It could be related to accumulation of A-9-THC or
metabolites in tissues.

A Ll-year chronic treatment of rate with lower doses of
cannabinoids produced a pattern of toxicity consisting of weight
loss, pulmonary pathology when the drug ia inhaled, and slowly
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developing behavioral toxicity characterized by hyperactivity,
vertical jumping, fighting, and seizures (Rosankrantz, 1981).

RELEVANCE OF NONHUMAN ANIMAL MODELS

Much of what is known about cannabis cones fro* experiments in
animals. Some aspects of the pharmacology of any drug can only be
studied in animals other than human baings. Findings from animal
experiments have heen criticized because of what were thought to be
unreasonably high doses of cannabis given, ts ths animals as compared
with doses commonly used by human beings. Although extra%olatlon 0f
human effects from animal data muat be done with caution because of
species differencss in metabolic pathways and differing sensitivity
and physiology, a blanket criticism of animal studias because of high
doses is inappropriate. When an effect of a drug occurs consistently
in several species, it is likely to occur in human beinga. Compari-
sons of A-9-THC blood levels in human beings and in several species
sug%est roughly similar intensity of effects at similar blood levels
in the various species (Rosankrantz and Fleishman, 1979).

CAMABIS" CPfiXMI NAHTS

On occasion cannabis has been reported not only to contain the
herbicide paraquat, but also salmonella bacteria end aacarglllus
fungus. Deliberate addition of such drugs as lysergic acid
diethylamide (LSD), heroin, and phencyclidine (PCP) has been
claimed. A plant material such sa cannabis is not always handled in
the most sanitary way, and a variety of contoainanta are possible.

Paraquat

There is no question that large doses of paraquat by mouth or by
aerosol can cause pulmonary fibrosis, but no cases in human beings
have yet been proved to result from paraquat-contaminated cannabis.
Few cannabis smokers are expected to be exposed to the large amounts
of paraquat known to cause severe lung damage. This is not to say
that no lung damage w ill occur from such exposure. A more extanaive
discussion of paraquat is in Appendix D.

Bacteria and Fungi

A few outbreaks of salmonellosis epidemiologically linked to
marijuana use were reported from Ohio and Micnigan (Schrader et el.,
1981}, Marijuana waa found to be contaminated with the same type of
salmonella that was obtained from the 62 patients experiencing
diarrhea, fever, and abdominal pain.



—_—— ——— i b —_—
-TTwyrAr.aagP® — V'p"T‘A_ ll.v?Ig\r$s?7?—

26

AsFergillus. a fungus# is a common contaminant of some cannabis
(Llewe IKn and O'Raar, 1977; Llamas et al.# 1978). The spores pass
easily through contaminated marijuana cigarettes and when smoked are
presumed to enter the bcdy.

CELLULAR TOXICITY

A variet{) of effects on cellular processes have been reported#
usually based on studies of in vitro systems. The low water
solubility of the cannabinoids and the need to add solvents and
emulsifiers# aloof vith a common tendency to use higher in vitro
concentrations then occurs in living animals, makes interpretation of
such experiments difficult'.'"*"" - - *!

In relatsd studies, A-9-THC altsrs the actions of a number of
intracellular enzyme systems. The biological relevance of these
dru%/enzyme interactions ia still unclear at this time# bet# together
with the cytotoxwltg, it suggests that A-9-THC is producing marked
effects on cell membranes and intracellular processes.

Almost nothing is known of the molecular mechanisms by which

cannabinoids produce their effects in cells.

TOLERANCE AND DEPENDENCE

Repeated administration of most psychoactive drugs leads to the
development of tolerance. This state of increased drug resistance
results from two general mechanisms (Kalant at al.# 1971):

* Dispositional tolsrance resulting from lower drug
concentrations at sitss of action# usually because of Increased rates
of drug metabolism or elimination

* Functional tolerancs arising from decreased sensitivity of
the target cells.

Tolerance to moat cannabinoid effects has been demonstrated both
in animals and human beings (Jones# 1981). Tolerance can deveIoP
rapidly after only e few smell doses. It disappears at an equally
rapid rate for assy effacte# although after large doses in
experimental animals some tolerance may Fersist for long periods
(Jones# 1981). Systematic studies of tolerance loee have rarely been
done. Many characteristics of tolerance to A-9-THC# particularly
its pattern of rapid acquisition and loss# are similar to that
occurring with opiates# nicotine# and cocaine (Jonea# 1981). Most
evidence suggests functional rather than dispositional means of
acquiring tolerance. .

The development of such tolerance to cannabis does not
necessarily have health implications. However# if tolsrance should
lead to higher or more frequent doses# adverse consequences# e.g.,
respiratory effects# associated with higher usage could result.
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Physical dependence, manifested by withdrawal signs and symptoms,
can develop rapidly in animals and in human beings (Jones, 1981).
The withdrawal tyndroae is not life threatening. It is similar in
many respects to the mild dependence produced by low doses of other
sedatives. Withdrawal symptoms can include restlessness,
irritability, mild agitation, Insomnia, and sleeﬁ_EZG disturbance.

Cannabis dependence does not mean the same thing as cannabis
addiction. Dependence means only that a withdrawal syndrome can
occur when drug takin% Is stopped. Addiction implies compulsive
behavior to acquirt the drug. The relationship between dependence
and incraasod drug aeeking or dcug using is more theoretical than
wall documented, particularly in experiment! with human belnga.
Given the appearance of tolerance and dependence with almost any
psychoactive drug, it would be unusual not to find tolerance and
dependence with the right dose and dosage schedule of cannabis. Good
studies of the relationship of dependenca, if any, to persistant drug
uae are important.

DRUG INTERACTIONS

Because cannabis often ia consumed with other drugs, interactions

can be expected. Other illicit drugs, tobacco, caffsins, alcohol, and
over-the-countar or prescribed medications should be studied in
combination with cannabis, because A-9-THC and its first metabolite
are strongly bound to proteins in the plasma (Garrett and Hunt, 1974)
and may interact with other drugs sim ilarly bound. Cannabis and many
other drugs share disposition by the hepatic metabolic enzyme systems,
and there are possible interactions st the drug mstsholissi level. For
examgle, drugs such as slcobol or pentobarbital can inhibit metabolism
of a-9-THC by enzyme substrate competition. Or, if after a period

of inhibition one drug is removed, the enz*me activity can increase
so that faster than eXﬁected metabolism follows. [If given
simultaneously with other drugs, A-9-THC can alow metabolism of

drugs such as theophyllin, antipyrine, ethanol, and pentobarbital
(Senowitz and Jones, 1977; Jusko, 1979). Cannabidiol can also

Inhibit the metabolism of a variety of drugs normally metabolized by
the shared hepatic enzyme systems.

Drug intsractiona also can occur by means of functional
mechanisms. These can be additive, resultinP in enhancement or
prolongation of behavioral and psychological affects by cannabis when
combined with other central nervous system depressant drugs, such as
alcohol and barbiturates. Animals less tolerant to cannsbis will
also be less sensitive to other central nervous system depressants.
This phenomenon is known as cross-tolerance. Drug interactions will
be mentioned in subsequent chapters.
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SUMMARY AND CONCLUSIONS

Cannabis Is not a single drug, but a complex preparation containing
many hiologically active chemicals. The psychological and
physiological effects produced by a-9-thc probably result from
actions at sites within the central nervGus system and elsewhere in
the body, leading to the likelihood of complicated effects depending
on dose, duration of use, and many other considerations.

The intensity of effect an individual experiences varies
considerably according to the cannabis preparation and the amount
taken, route of administration, frequency of use, and probably other
not-well-recognixed biological considerations. Dose variability must
be considered both in conducting and in interpreting dhy studies of
the effects of cjinnabis, particularly when trying to predict health
consequences.

In research the use of pure A-9-THC avoids some problems of
dose control but cannot provide a complete picture of cannabis
effects, because the effects of A-9-THC in crude preparations of
the plant may be influenced by other components. Other consequences
of cannabis use, for example, exposure to harmful components in its
smoke, w ill have deleterious health consequences in addition to
anything produced by the £-9-THC

The MOg persistence of cannabinoid metabolites In the body nay
have delayed effects or health implications not y4t fecognized,
because, even with relatively infrequent use, there is chronic
exposure to biologically unknown materials. In this respect,
cannabis differs fundamentaHX from such drugs as alcohol, nicotine,
and caffeine, which are rapidly metabolized and eliminated from the
entire body.

Cannabinoid effects can be modified by many events, including
interaction with other drugs and the devemPn1ent0f tolerance. Both
tolerance and dependence develop to many etfects of the drug. The
health significance of tolerance and dependence, particularly their
importance in drug-seeking and- drug-using behavior, has not heen
studied properly.

It is unlikely4bat adequate ePidemiom%ic data will be available
(soon) to enable good estimation of the health consequences of various
usage levels.

A(frerequisne Is that adequate chemical analytical methods be
applied on a large-scale basis to monitor actual exposures. Continued
studies in experimental animals w ill play an essential role in the
assessment of tha health risks of cannabis. For example, the
biological activities of A-9-THC metabolites can be assessed in
experimental animals, but these tests are technically more difficult
to do in human beings.

RECOMMENDATIONS FOR RESEARCH

Several research priorities are identified by the preceding
discussion:
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* Cannabinoids and their metabolites persist for relatively
long periods in the body. More information is needed on the
biological significance of that persistence in human beings. As a
first step, the toxicological effects of the various metaoolites need
to be determined.

* Drug interactions alter the actions of cannabis. Cannabis
use alters other drug effects. More information is necessary to make
the combined effects of cannabis and other licit and illicit drugs
more predictable, especially with respect to behavioral impairment
and toxicity to lungs, liver, and other organs.

* Studies of the mechanism of action of cannabis should
continue. Knowledge of Mechanism is likely to provide powerful
insights into the potential health effect-*.

* Improved chemical analytical methods are necessary.
Epidemiologic appraisal of the health effects of cannabinoids
requires methods suitable for wide-scale assays of exposures.
Pharmacological verification of the self-reported extent of use will
make experimental and clinical results much easier to interpret. A
chemical 'marker" of the frequent user would be useful. Screening
techniques for the purpose of identifying and discouraging
cannabis-impaired driving would also be valuable.

* Characterization of tha toxicological significance of common
cannabis contaminants such as paraquat and other chemicals, fungi,
and bacteria should be continued,

* The development of tolerance is a factor that potentially
modifies the expression of all psychoactive drug affects. Additional
studies on the rates of acquisition and loss of tolerance and the
relationship of these phenomena to dependence are necessary, the
blolo?lcal significance of the changes that underlie the development
of tolerance should be established. The relationship, if any,
between tolerance and dependence and drug-seeking .behavior should be
established.

* Cannabis products are variable and complex. More
information on the amount, nature, and potency of the various
preparations used around tha world would facilitate calculations of
exposures to its constituents. For example, what is the biological
and toxicological significance of the minor components of cannabis

smoke?
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USE OP MARIJUANA
IN THE UNITED STATE*

Epidemiologic studies provide information on the use of drugs in
various subgroups of the population and on the changes in patterns of
uae over time. The epidemiologic approach is particularly useful in
defining patterns of use of marijuana in American society and in
describing and analyzing the behavioral and psychosocial antecedents
and consequences of that use. 0Qoe of the more difficult questions is
whether particular behavior or offsets that ara associated with use
of a drug are the consequences of that use* or whether attitudes, '
values, and behavior develop about the use of drags to constitute
factors that say actually lead to the-use of drugs. One of the more
useful epidemiologic study desi%ns is a cohort study that follows the
same individual with repeated observations at regular intervals over
time. Such longitudinal studias have the potential for obtaining the
most compelling evidence on the antecedents of known patterns of use
of marijuana, as well as possibls long-term psychosocial and
biological outcomes for thsse individuals.

The committee, with the help of consultants, sought answers in
the epidemiologic literature to the following five questions:

1. Whet are important patterns of use of marijuana in the
American population including special groups? )

2. What ars the general characteristics of users of marijuana?
b -35 What is the profile of a user of marijuana on a "daily"*
asis’

4. What is known about the antecedents of use of marijuana?

5. Bow is use of marijuana related to the use of other dru%s?

The epidemiologic and survey literature have been extensively
reviewed and the major longitudinal studies are summarized in a table
in Appendix C. Much of our recent knowledge derives from two
well-designed major, continuing nationwide monitoring efforts

*When placed in quotation marks, "daily® is used as dsfinad by
Johnston st si, ?1980b), i.e., those individuals using marijuana 20
or more times in thm preceding 30 days.
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sponsored by the National Institute cn Drug Abuse. One is based on
general household population samples, the National Household
urveys. The second is based on populations of high school seniors
and is called Monitoring the Future. .

The National Household Surveys of the general population are
conducted on an annual or biannual basis by Response Analysis
Corporation and The George Washington University (Flshburne et al. |
1980). There have been six cross-sectional studies since 1971, The
latest one was in the winter of 1979-1980, and the next one will be
initiated in 1982. The subjects are classified as youth (12-17),
youn(t; adults (18-25), and older adults (26 and older). The questions
relate to marijuana and other psychoactive drugs, including
inhalants, hallucinogens, cocaine, heroin, stimulants, sedatives, and
analgesics. Samples vary from about 3,000 to more than 7,200 new
respondents at each survey. These are samples that document patterns
of use of drugs in the specified populations at a given time,

Monitoring the Future (Johnston et al., 1980b) uses a _
cohort-sequential longitudinal design, in which a new cohort of high
school seniors is surveyed each year, and a representative panel
selected froa that senior class 1s also followed over time in
successive annual or biannual testings. The earliest panel has now
been reinterviewed six timjs. This survey design makes it possible
to disentangle antecedents from consequences of use as well as to
distinguish changes due to increased age from changes due to cohort
peculiarities or historical circumstances. Initiated in 1975 b?/ the
Survey Research Canter of the University of Michigan, and direcfed by
Lloyd Johnston and Jerald Bachman, the survey involves a question-
naire self-administered each year by more then 16,000 high school
seniors in 130 public and private schools throughout the United
States, and longitudinal mail follow-ups of about 2,000 former
students drawn, as panels, from each of the previously participating
senior classes (Johnston et al., 1979ab» 1980a,b). ~

Becauae the National Household Surveys and Monitoring the Future
are surveys of persons in households or in high school, they exclude
persons most likely to be using drugs—the transients, those without
regular addresses, the school absentees or drop-outs, k those |IVInP
ininstitutions or group quarters, These persons constitute a smal
proportion of the general population,'and their exclusion does not
significantly bias the epidesiologic estimates reported for the total
population (Kandel, 1975a). However, data on the very heavy use of
drugs may be underrepresented.

PATTERNS AND TRENDS OF USE OF MARIJUANA
General Population
The National Household Surveys found that msrijmamm was the most
commonly used of all the nonlegal psychoactive drugs investigated,

including inhalants, hallucinogens, cocaine, heroin, stimulants,
sedatives, tranquilizers, and analgesics (Flshburne et al., 1980).
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In 1979 more than 50 million parsons had triad marijuana at least
once in their lives: 68.2 parcant of young adults (18-25), or about
21 million; 30.9 parcant of youth (12-17), or more than 7 million,
and 19.6 parcant of older adults (26 and olderz, or 25 million. Tha
%qung adult age-group (18-25 years) has consistently showed the
|_g?he.st ratas of current use (used in past month) and aver use
(litetim e prevalence), and the older adult groups (26 and older) had
the lowest user rate*. Male users outnumbered females in all a%e
groups. Between 1977 and 1979, significant increases in current use
and ever use of marijuana were observed among the young adult and
older adult cohorts (Figure 2). In 1979, in the young adult cohort,
the moat significant increases in use in the past month were found In
males, whites, high school nongraduates, people in the southern
United States, and those living in nonmetropolitan areas. In the
older adult groups, the most significant recent increase in current
use of marijuana was observed in males, whites, college graduates,
and people living in the southern states (Miller and Clsin, 1980).

~In the early 1960s, illicit drug use in the United States was
chiefly a phenomenon of large coastal cities. But since then, rates
in other regions of the country and in cities of all sises have
rapidly increased until patterns of use are becoming Increasingly
comparable for all sectors in the United States. At currant levels
of use, some experience with marijuana in adolescence in becoming the
norm rather than the exception throughout the United States. Other
major survey studios have confirmed the findings of the National
Household Surve% for comparable cohort populations (Gallup Opinion
Index, 1976; O'Donnell et al., 1976).

Military Personnel

Much attention has recently been focused on what appear to be high
rates of use of illicit drugs among military personnel. Studies of
drug use among male army veterans of the Vietnam War in 1972 showed
that marijuana was the most ccanonly used illicit drug hefore and
after the war (Robins, 1974). A random sample of 470 men was selected
from the 13,760 enlisted men who returned to the U.S. in September
1971, Of the 451 men who were interviewed, 69 percent had used
m.arl%uana while ia Vietnam, with 28 percent stating this was their
first use of tits drug. The lifetime prevalence of use of marijuana
was 41 percsnt prior to Vistnsm; 45 percsnt of the veterans reported
using marijuana in the 10 months following return to the United
States. Among this group the prevalence of weekly use doubled from
12 percent prior to Vietnam to 25 percent following the war.

A worldwide suryeF of nonmedical use of drugs and alcohol among
U.S. active duty military personnel was conductad in 1980 under the
sponsorship of the U.S. Department of Defense (Burt et al., 1980),
In an anonymous, self-adminiatared questionnaire given to a repre-
sentative sample of more than 16,000 persona, marijuana was found to
be the moat coamonly used illicit drug. Twenty-elm percent admitted
to having used amerijuene/heshlsha within the pest 30 days and 35
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FIGURE 2 Marijuana: tranda in lifatiaa axparianca, youth, and young
adulta. Adaptad froai J.D. Millar and I.LH. Ciain. Highllghta from
tha National Survav on Drug Abuaa: 1979. Waahington, D.C.: U.S,
Goverrunant Printing O fflca, 1980. Youth =12 to 17 yaara old; young
adulta =18 to 25 yaara old.
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percent to having used it in the past 12 months. Five percent of the
mample reported use of marijuana daily. _ -

hen users of dru?« were itemized according to military pay
classifications, the largest percentage cf current uae of marijuana
wai in the lowest ranks of the military.

Adolescents and Young Adults
Patterns and Trends

One of the compelling reasons to focus on adolescence in studying
marijuana is the pervasive and increasing use by this age group. As
was mentioned earlier, in 1980 all geographical regions of the United
States and all socioeconomic classes had high and increasingly
comparable involvement in use of marijuana.

he year 1960 has been taken aa a baseline year that represents
the stable level of overall use of marijuana that had characterized
the United States for most of its history. Figure 2 shows the trends
for use of marijuana from 1960 through 1979, revealing the sharp
upward climb ol use of marijuana starting in 1967. The dramatic rise
in use of marijuana by adolescents has recently slowed, and the
lifetime prevalence rates ?ever use% of marijuana have remained at
a&prommatelg 0 percent of all high school seniors for the years
1979 and 1980 (Figure 3). To put It another way, in 1979 over 2.5
million high school seniors had tried or were uSers of marijuana.
éThIS figure is derived from calculations hased on 1979 Census Bureau
ata that give a figure of 4,276,000 for number of 18-year-olds in
the population. The committee is aware that all 18-year-olds are not
high school seniors and that such a calculation may underreport the
numbers of users cf marl{uana, particularly heavy users who have been
shown to be more likely to have dropped out of school. Similar
calculations have been attempted throughout this chapter.)

‘The use of other t?lpes of drugs by young Eeople also increased
beginning in 1967 (Miller and Cisin, 1980).  Figure 4 gives the most
recent nationwide figures for use of 11 types of drugs among American
high school seniors (average a?_e 18 years). With the exception of
negllglble use of heroin, the figures for use of all other drugs are
substantial. Increases In patterns of use have not heen aa dramatic
for other drugs (except for recent cocaine increases) as theY have
been for marijuana. Use of marijuana, tobacco, and alcohol far
outstrips that of all other drugs, |* 1980 the lifetim e prevalence
(ever use) for these substances by high school seniors wee
marijuana— 60 percent, tobacco— 71 percent, and alcohol—93 percent.

Of even greater interest are the percentages of high school
seniors vho use the 11 types of drugs "daily.* In 1980 marijuana was
used "daily” bOy 9.1 percent (about 390,000), alcohol by 6.0 percent
(about 256,00 )h and tobacco cigarettes by 21.3 percent (about
900,000) of high school seniors ?Johnston et al., 1980a). No other
substance was used that frequently by as many as 1 percent of the
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FIGURE 3 Trands in pravalanca of aarijuana uaa by high school
saniors, 1975-1930 {in school). ~Adaptad froa L.D. Johnson, J.G.
Bachaan, and P.M. O'Mallay, Highlights from Studant Drug Uaa in
Aaarica, 1975-1980. DHHS Publication No. (ADM) 81-1066. Washington,
D.C.. U.S. Govarnaant Printing Offica, 1980a.
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NOTE: Th# bracket rvaar tba top of a bar indicttaa the lowar and uppar limit* of tha
Vconfidanca intarval.

PIGURE 4 Prevalence and recency of uaa. Eleven typaa of dru%/‘s,
class of 1980. SOURCE: Johnson, L.O., Bachman, J»G., and O'Malley,
P.M. Highlights from Student Drug Uaa in America, 1975-1980. DHES
Publication Mo, (ADI\/I% 81-1066. Washington, D.C.: U.S. Government
Printing Office, 1980a.

students. These figures show that legal (for adults) drugs are used
much more frequently than illegal ones. Reports of illegal use of
d[ugs show that experimentation with marijuana has, by far, the
highest prevalence. It should be noted, also, that "daily” use of
marijuana (9 percent) among high school seniors is now more prevalent
than "daily” drinking (6 percent) of alcoholic beverages.

In 1980, for the first time since 1975, when the Monitoring the
Future data collection began among high school seniors, the percentage
of "daily" users of marijuana among seniors in high school declined
significantly froe I0vf psroentin 1f79.-to- 9.1 percent in 1980
(Figure 3), and thare was a leveling of lifetime prevalence at
approximately 60 percent. Furthermore, the proportion of current
usera ,amon? those who ever used marijuana also showed a statistically
significant decline in 1980 as compered to 1979, from 60 percent to
56 percent. However, "daily" uaers may be increasingly underrepre-
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mented in recent senior high school classes due to absenteeism and
drop-out associated with increasingly earlier and extensive
involvement *n use of marijuana. The extent to which long-term
"daily* users have dropped out of school by the senior year of high
school cannot be ascertained from monitoring the future.” Kandel
(1975a) found that absentees differed from students attending school
regularly. Fifty-aix percent of absentees reported use of marijuana
as compared to 30 percent of in-class students. Studies that document
the patterns of marijuana uae in school drop-outs are needed.

Correlates of Use

Overall levels of use of marijuana have been shown to correlate with
patterns of use of the drug.

~ 1. Increased prevalance is associated with younger a?e of
initiation into use of marijuana. As successive cohorts of high
school seniors have shown mcreasmgly higher levels of experience
with marijuana from 1975 through 1980, these cohorts also report
increasingly earlier ages at first use of marijuana. For example, in
the senior class of 1980, which had a lifetime prevalence of 60
percent by senior year, 25 percent of those usin marlguana had.becun
In the eighth grade (average age 14) or below. Zn 1975 when lifetime
prevalence was 47 percent, 15.3 percent of marijuana users had begun
in eighth grade or below. It is of sane interest to compare reported
a[qe of use of marijuana by grade for th<s senior class of 1980
Eglfetlme prevalence 60 percent) and alcohol (lifetime prevalence
3.2 percent). The sore prevalent drug, alcohol, is used at earlier
ages than marlAuana. Thirty-three percent of alcohol users had
started at eighth grade as compared to 21.5 percent of marijuana
users (Johnston et al., 1980a). _ . _
2. Earlier onset of use of any drugr Is associated with greater
involvement in use of all other drugs. The earlier the introduction
to legal (for adults) drugs, tha greater the probability that the
adolescent will also eerrlment with illicit drugs. For example,
among young adults 18-2 Years of a?,e surveyed from the general
population in 1979-1980, the proportion who had experimented with any
illicit drug other than marijuana ranged from 87 percent amon% those
who reported having first tried alcohol or.marlhuana at ages 13 or
14, to 47 percent among those who first tried these drugs at ages
15-17, and 5 percent among those who first eXﬁerlmented at age 18 or
over (Hittenhouse, 1980). The finding that the earlier the
experimentation with marijuana, tha rqraater tha- iataaeity of
Involvaaant and the greater the likelthood of using more serloua
drugs has been confirmed in many studies (Ie.g., M iller and Clsin,
1980; Johnston et al., 1980s; Kandel et al., 1981). _ .
3. Greater overall prevalence of use of marijuana is associatsd
with grsater ;ﬁersmtsncs of use of marijuana into later years of
sdult"life. The current prevalence ratés for use of marijuana b
persons in their mid-30s are increasing (Clsin et al., 1978). Many
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studies have not sampled this population in the belief thut use of
marijuana drops off aharply in the mid-20s. Among males, the
prevalence rate for use of marijuana in the ;Y)ast month for
over-ZG-%ear olds went from 4 percent in 1977 to 9 percent in 1979,
It will be exceedingly important to monitor the trends in all older
adult age groups.

Marijuana and the Use of Other Drugs

One of the key questions asked over the (ears Is, does masijuana lead
to the use of other drugs. In any population, the use of various
drugs appears interrelated and users of a>y type of drug, whether
legal or illegal, are much more likely to use other tyges of drugs
than nonusers. For exaa$>le, young people who smoke tobaeco are- also
much more likely to have used alcohol or marijuana than nonsmokers
(Fishburne et al., 1980). Similarly, there is a strong association
between the use of marijuana and of other illicit drugs. Young
people who use marijuana are more likely to be i“onauming other
substances, such as alcohol and tobacco, as well as other illicit
drugs (Johnston et al., 1980b). The association increases with
extent of marijuana involvement and is especially striking amon?
those young people who use marijuana on a "daily" basis, as will be
discussed Dbelow. _
~ Results from the National Household Survek/s and from samples of
hl?_h school seniors had indicated that the rat*o of rates of use of
HTicit drugs other than marijuana to use of marijuana declined
through 1979 (Kandel, 1980; Miller and Cisin, 1980). In 1980,
however, the ratio started to rise aﬁaln. Thus, in 1980, 65 percent
of marijuana users among the high school seniors had also used other
1'9'58 |)t drugs as compared to 61 percent in 1979 (Johnston et al.,
a).

"Daily" Users in High School

Because any health risks resulting from the use of marijuana would be
most likely to appear first in chronic users of the drug, the young[
persona who are chronic and heavy users are of special interest. The
committee report \ in some detail the flndln%s on this group. The
ranks of "daily" users are large. In 1980 they represented more than
9 percent of high school seniors or over 390,000 18-year-olds in the
United States. One out of 11 seniors fitted the definition of
"daily" users (20 or more occasions of reported use within the
Erecedl_ng 30 days). Collection of systematic data on such users
egan in 1975 with the annual monitoring of in-school high school
seniors. There are many gape in our knowled?e_about this I%roup, but
sufficient data have been accumulated that it is now possible to
describe many cf the behavioral attributes of the "daily” users.
Most of these data cone from Monitoring the Future. Some of the
findings recently reported by Johnston (1980, 1981) and Bachman et
al. (1901) are as follows:
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Demographic Findings

Rata* of "daily" us* do not vary among region* of the country/ hub
"daily" us* show* a strong positive relationship to th* size of the
cosseunity and is more prevalent in urban areas. Hales are "daily”
useru at almost double the rate of females (13 p«rcent versus 7
percent). "Daily” use among white students is double that foir blacks
(L1 percent versus 5 percent). "Daily" use is spread evenlx_ across
socioeconomic levels as defined in terms of parents' education.
"Daily" use is only slightly higher among those from homos in which
one or hoth parents are absent.

Academic Performance and Goals

"Daily" use is associated with poor school achievement. Among
non-college-bound seniors the rate of "daily" use is almost double
that found among the college-bound (13 percent versus 7 percent).
There are stronP and positive correlations of "daily" urn and cutting
classes/ school absencsu, and truancy. .

Much of "daily" uae takes place within the school setting. A
statewide _studg of seventh through twelfth grade puaalls in New York/
conducted in 1978 by th* New York State Drug Abuse Commission” found
that S0 percent of those usmt};, marijuana within the last 6 months had
been intoxicated one or more times while in class (Johnson and Uppal,
1980). In contrast/ alcohol tands to be used most frequently after
'school and on weekends,

Religious Commitment

A commitment to religion and self-ratings of strong belief in
I'g(}/v-.eltb]'dlng behavior ara associated with lower than average rates of
aily" use.

Dating and Social Life

Datii:j and social life abov stron%_ relationships with "daily" use of
marijuana. Those who spend more time on dates have the highest ratee
of "daily" use of marijuana. Among those students who go out 6 or 7
nights a week and are practically never at home, 34 percent are
"daily" narijuana users.

Use of Other Drugs

"Daily" marijuana users sre much more likely than their peers to be
extensive users of other drugs. Thus, of seniors in the class of
1979, 27 percsnt of "daily" users of marijuana drank alcohol as
frequently, versus 7 percent for the age-group as a whole; and 59
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percent of 'daily" users of marijuana smoked cigarettes as frquuently
versus 25 percent for the group as a whole (Johnston et al., 1 80bR.

With respect to use of other illicit drugs, the rates for "daily”
users of marijuana generallg run five to seven times the average for
the age group as a whole; 47 percent of "daily" users are current*
users of amphetamines; 31 percent  cocaine; aivd their current usage
figures run from 15 to 17 percent for barbituratos, for lysergic acid
diethylamide (LSD), for phencyclidine (PC?), for methaqualone, and
for tranquilizers. Since nearly two-thirds of daily marijuana users
(64 percent) are current users of haahish, they have substantial
axposure to a high-potency form of marijuana.

We aleo know from data on age at first use that manyof these
"dally" marijuana users began their use of cigarottes, alcohol, and
various other illicit drugs at quits an early age. To illustrate, by
the end of elgohth grade 40 percent of them had sacked cigarettes
"daily" and 50 percent had taken their first drink.Just about half
of them (48 percent) first tried marijuana by the eighth grade, and
most of the remainder (another 30 percent) started in ninth grade.
These are very early ages of initiation for all three drugs.
Similarly, these youngsters tend to take up the other illicit drugs
at an earlier than average age— though most of that use still ia
initiated after ninth grade. "Dall?/’ use tends to persist longer
into adult life than anticipated. In 1979, 4 years after graduation
from high school, 51 percent of marijuana users of the senior class
ot 1975 were still "daily" users and an additional 34 percent were
current although not "daily" users (Johnston, 1980).

"Daily*- Users After High School

Using a national sample of 19- -0 22-year-olds derived from the
follow-up surveys of M_onltorlnﬂ the Future, Johnston (1981) reported
on "daily" use of marijuana after high school. (These findings are
reproduced nearly verbatim below.)

College Student Status

Student status after high school correlates ne%atively with "daily"
use; that is, full-time college students have the lowest rate (8
percent), part-time students the next lowest (10 percent), and
nonstudents the highest rate (13 ﬁercent). However, although
full-tim e students have a lower than average rate of "daily" use,
they showed the greatest increase after high school (up from 4.5 to
8.3 percent): they simply started from a very low level and in a
sense were “catching up."

"A current user is one who has used the drug in the thirty days
preceding the surveys.
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Living Status

Young psopls vho ars living away from homs hava a higher progortion
of " a||¥"' use than those still living with their parents (12 percent
versus 10 percent), probably reflecting the result of reduced social
control by parents. Those who remained living with their parents
(nearly half) showed relatively little increase in use (up 1.3
percent)* while those who moved out increased their daily use rate
substantially (up 3.9 percent).

Marital Status

Those who are single are almost twica as likely to be "daily" users
as those who are married (11.4 percent versus 6.6 percent)* and those
without children are somewhat more likely to use marijuana than those
with children (11 percent versus 8 percent). It appears that these
role responsibilities have a dampening effect on use. In the face of
an overall 2.6 percent increase in "daily" ~Tevalence after hlgzh
school for the whole sample* those who were serried showed virtually
no increase (up 0.2 percent) and those with children actually had a
decline in use (down 1.5 percent).

Type of dwelling

"Daily” use is highest for those |iving{ in a rented room (14 percent)
or apartment (12 percent), and lowest for those living in a college
dorm (8 percent). Obviously one's dwelling arrangement is highly
correlated with his or her major activity after high school* as these
differences reflect.

Employment

Employment status is unrelated to "daily" use. Por those in military
service* "daily” use dropped slightly after high school (from 13.4
percent to 12.4 percent]p. The activity group with by far the lowest
‘daily" use rate are the full-time huesmakers (4 percent)* which
certainly occurs* in pert* because they nearly ell are female*
married* and in many caaaa hava youmg children.

Reaeons for Using or Abstaining
Reasons for "Daily" Uae of Marijuana

What reasons do "daily" users give for their uae of marijuana? They
tend to uae marijuana to produce an intoxicated feeling* to cope
psychologically with feelings of distress* to augment the effects of
other drugs* and to participate in drug-using friendship*. On a
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checklist of 13 possible reasons, nearly all of the seniors who were
"daily" users checked "to feel good off get high" ](94 percent) and "to
have a good tine with ay friends" (79 percent). Two-thirds said they
used it to relax (é7 percent*) and nearly half said they used it to
relieve boredom (45 percent). Roughly @ quarter of the "daily" users
checked each of the following: "to get away from ay problems" (27
percent), "because of anger 0e frustration" (23 percent), and "to get
through tha day" (22_percent?\. These psychological coPlng motives in
particular seen to distinguish the "daily" users from the less
frequent users. A fairly high proportion (30 percent) also said that
they used marijuana to increase the effects of other drugs, while
only 10 percent of the other currant users gave this reason. Only 11
percent of the "daily” users, or 1 percent of the total sample,
stated that they used it because they felt "booked” or had to have
it. All of these responses for seniors were closely replicated among
the "daily* users in the 19- to 22-§ear-o|d sample &John_ston, 1981).

Nearly all "dally" users (over 8 percent), whether in high
school or past high 'school, say (1) that most or all of their friends
smoke marijuana, (2) that nost or all of their friends drink alcohol,
(3) that sore than a few of their friends get drunk every week, (4)
that more than a few of their friends smoke cigarettes, and (5) that
at least a few of their friends use a number of other illicit drugs.
Thia degree of immersion in a drug-using friendship circle contrasts
sharply to what we observe f*or their peers, even those who are
current but less frequent users of marla]uana. Clearly the social
supports and the social pressures ara there, both during and after
high school, for the "daily” user to continue bis or*her habit.

Reasons for Quitting and Abstaining

A number of users of marijuana stop usinﬂ the dru% (Johnston, 1981).
Among students (In the classes of 1978 through 1980 combined), those
who have used marijuana 40 or more times but have stopped by their
senior year give as their most coewonly mentioned reason on'a
comprehensive list of 17 reasons that "they don't feel like getting
high" (56 percent mentioned). Also fre(f]uently mentioned, however,
ara concerns about possible phwcal effects (41 percent); concern
about possible psychological effects (38 percent); and, more
Sﬂecmcally, ooncegn about lotra of energy or ambition (41 percent) .
These rsasons also ranked high among those younc}; people who sxoked
less than 40 times before they stopped, as did two additional
reasons—concarn about parental disapproval and finding that uss of
marijuana was net iatrinaicmllyeojegmtolc. _
Concarn about possible health effects appears to play s rola in
young peopla's giving up the drug and is mentioned considerably more
often among quitters now than in 1976. Concern about physical health
increased substantially between 1976 and 1980 among a Il high school
seniors, from 35 percent to 57 gercent, while concern about
psychological damage went from 34 percent to 53 percent. A similar
analysis of ths rsasons given for abstaining by tha minority (about



40 percent) of seniors who have never tried mariguana reveals concern
about physical (71 ﬁercent) and psychological (68 percent)
consequences, which are mentioned far more often than any other type
of reason. Social or ideological constraints or disinterést in
getting hl(%h_are infrequently mentioned. There also has heen a
significant increase in health concerns among the abstaining segment
since 1976, though not as large aa among 1U|tters. .

In summary, many "daily" users themselves see some negative
consequences of their habit, and there perhaps are sooe consequences
of which they are unaware. The fact that the "daily” smoking cf
marijuana is proving to be more enduring and stable than many may
have thought increases the probability of cumulative, long-term
effects. The fact that so many young people are becoming "daily”
users now puts a substantial number of people at risk of whatever the
long-term consequences may prove to be.

Sequence of Drug Use

Regardless of the age of onset, there is a predictable sequence in
the patterns of initiation into the use of available drugs.
Independent longitudinal studies have confirmed and identified a
stable sequence of drug use (Hamburg et al., 197S; Kandel, 1975b;
Kandel and Faust, 1975). Tha legal.drugs, for adults, such ae. alcohol
and tobacco, are an early, imttegralLr-aiid' crucfel part of tha
sequence. Their use precedes the uae of all illicit dru?s. At least
four distinct successive stagas of adolescent involvement with drugs
can ba identified: (1) use of hear or wine, (2) use of tobacco
Ql?_arettes or herd ||(1uor, Eg) use of marijuana, and (4) uaa of other
Hlicit drugs (Kandel, 1975b). A fifth stage, problem drlnkln(t;, may
take place between marijuana and other illicit drugs (Jessor et al.,
1980). Adolescents rsrsly proceed from bear and wine to illicit
drugs without uaa of aither herd liquor or tobacco cigarettas as an
intermediate step. Furthermore, there is an additive effect such
that the highest proportion of adolescents who move to marijuana are
those who have experience with both hard liquor end tobacco. For
example, among 12- to 17-year-olds in the general population, tha
proportion who have ever exparimented with marijuana ia 81 parcant
among current tobacco cigarette smokers as compared to 24 percsnt
among nonamoicers (FIshburne et al., 1980). However, position on a
particular point in the sequence doee not indicate that the young
person will necessarily progress to other druge higher up in the
sequence. Participation In aach stage ia s necessary but not
sufficient condition for participation in a later stage. There, is no
evidence to support the belief thet the us# of one drug will
inevitably lead to use of any other drug. In other words, persons at
t!* top of the ladder of use’of drugs typically will have used all
substances at lower levels, including marijuana. However, those at
lower rungs may stay there and not move to higher rungs of the ladder.

For example, data from the National Household Surveys (Flshburne
et al., 1980) Indicate that of these 11-25 years old who have tried
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naaijua/aa, alaoat *11 are users of tobaceo-ms *'l—%1r however- only
sllghtIK mac* than onm-fourth af thia If* ta- 25-year-old population
raport having gone on to try. any illegal marijuana.
otz&mmm aha try othar illegal drag**- only a.vrhx-w U percentage

rapart aaln% currant usars (Flshburne at alw-1M0). _

AIthou? it is of graat interest, ralativaly |ittla is known
about tha factors that determine which parsons will choosa to go
through tha sequence of drug usa or tha rapldlt% with which thay will
do so. Existing rasaarch giv»a us acme cluas that usars of illicit
drug# possess seme distinguishing features. _
~ Thara are four clusters of variables—parental .influences, paar
influence*, adolaacant involvaaanfc ia deviant behaviors, and
adolescent beliefa and haloes— that assume differential importance
folr plrg%ctlg)g involvement at each stage of drug behavior (Kandel et
al., ab).

Involvement vith drugs legal t5f edfalft la tha earliest level of
drug as«. Adolescents who start to drink are exposed to peers and
parents who drink, suggesting that these youths learn drinking
patterns from their parents. Adolescents who have enga%ed_ln a
number of delinquent or deviant activities, and who seek high levels
of sociability with their pears ara likely to become involved with
alcohol. Similar patterns ara found with tobacco smoking, also ona
of tha earliest drugs to ba triad. _

Tha usa of marijuana follows that of wlcohol and tobacco. It is
preceded by acceptance of a cluster of be.iefs and values that often
reflect disavowal of many standards upheld by adults. Involvement in
a marijuana-using peer environment strongla/ predisposes to its use
and is the bast predictor (Backer, 1953; Go.de, 1970). Participation
in minor forms of deviant behaviors, such ss thase that also precede
tha use of hard liquor, ia also an Iimportant precursor.

Antecedents of Adolescent Use of Marijuana

When use of marijuana first came under research scrutiny in th* late
1960s, very few youths had experimented with illicit drugs. Much was
made of the deviant atatus of use of marijuana and of the counter-
cultural and rebellious meaning that tame to be attached to using the
d_ru% (Suchaan, 1968). Yet even today, when over 60 percent of all
high school senior* have used marijuana, those youths who use _
marijuana are quite different from nonuaers. e marijuana users in
~pattitni*of disaffiction from major'Institutions
that characterised the users in IW7, The most recent data show that
marijuana users perform more poorly in school, areldea religious,
have performed more delinquent acta, are in trouble with the law,
have more traffic accidents, and use more illic it drugs than nonusers.
Those persons who also use several illicit dru?.s show™ the highest
involvement in deviant behaviors, There is a linaar relationship
with degree of involvement with illicit drugs, such that persons
using marijuana exclusively are only quantitatively different from
those who have also used harder drugs (Johnston et al., 1980h).
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In tvo cross-sectional national samples of high ichool students,
surveyed in 1974 and 1978/ Jaasor et al. have found that not only are
the patterna of aaaociatlon between uae of marijuana and deviant
characteristics eiailar in both aurveya/ but alao that the atrength
of the aasociationar aa reflected in the alzaa of the correlation
coefficienta» are almost identical. The very same concluaiona derive
frca inalyacs baaed on five aucceaaive cohorta of high school aeniora/
s%rgpl)ed at yearly intervals in Monitoring the Future (Bachman et al.,
1981).

Longitudinal studies of students aged 12-21 have done auch to
extend our understanding of the precursors of using various forma of
drugs. Studies have been reviewed in detail by Kandel (1978a,b;
1980a; also see Appendix .C% and document that many of the factors
found to be associated with use of drugs at ona point in time* such
aa low academic performance, crime, “pw malf-esteem, depressive mood,
rebelliousness/ and ofMTC g#r<S$riilit*-WitraOteriatica, prsitmSi the
uae of drugs (see in particular Melllnger at al., 1976; Jessor and
Jessor, 1977; Johnston et al., 1978; Kandel 1978a; Kandel et al.,
1978b,c; Kaﬁlan and Pokorny, 1978: Smith and Fogg, 1978; Wingard et
al., 1979; Kaplan, 1980). "Some of the pretflfctlvs factors can be
identified in childhood, such as a™fwjivtasss with or without
association with shyness (Kellam et al., 1980, in press) and
rebelliousness (Smith and Fogg, 1978).

Other longitudinal-studies also document that many of the'factors
found to he associated wiCtS use of drugs at one point in time, such
as low academic performance, delinquency, low self-esteem, and
depressive mood actually precede the drug* (O'Malley, 1975;
Melllnger et al., 1976: Jeiaor and Jesaor, 1977* Johnston et al.,
1978: Kandel et al., 1978a; Kaplan and Pokorny, *'78: Wingard et a .,
1979; Kaplan, 1980). _ _ _

One study shows not only that certain behaviors predict use of
marijuana, but also that drugs may aggravate or exa%;gerate certain
behaviors. A cohort cf high school students was followed at annual
intervals throughout the four years of high school (Jessor and Jessor,
1977). During this time annual scores for: various attributes were
charted in four groups of students distinguished by differing drug
histories: veteran users, who used drugs ﬁrtl-hlg_h school; early
initiates, who began relatively early in their high school career,
I.e., between the first and sscond year of testing; lats initiatss,
who began relatively late, i.e., between the second and the third
¥ear.; and nonusers, who had not started to use marijuana at tha last
asting in the senior year of high school (Jesaor and Jsssor, 1977,
1978)." These four groups of students differed on measures, such as
general deviant behavior ga 12-item scale measuring frequency of
Involvement in stealing, fighting, ’oro erty destruction, truancy, or
other delinquent activities in the last year) or valus on academic
achievement (a five-item scale, measuring the value placed on the
attainment of success in school work), at ths beginning of the study.
Scores predicted if and when students initiated use of marijuana.
Those students already involved in use of drugs before high school
mcored highest on deviance and lowest on achiévement motivation at
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initial testing and throughout subsequent retests. The scores of all
groups of users converged over time so that all three %roups
Increased in deviance scores and decreased in their achievement
orientation over the four years, tte sharpest,changes in scores
occurred ia the year preceding the drug use.

Peer Influences

The moat consistent and reproducible finding in drug research is the
strong relationship between an individual's dru%; behavior and the
concurrent use of drugs by his friends. The refationship is stronger
when based on adolescents” perceptions of the friends' behavior than
on the friends' self-reports (Goode, 1970; Johnson, 1973; Kandel,
1973; Goldstein, 1975, O'Donnell et al., 1976; Brook et al., 1977;
Jesaor and Jessor, 1977; Kandel et al., 1978a; Orcutt, x978; Smart et
al., 1978; Huba et al., 1979). OITtw ether charsetGtisttd' djicept age
and sex is the similarity within adolescent friendship pairs aa high
as it Is*?SE uMTSf*marijuana’CKaadfeTTi978c}. Such"similarity
results not only from socialization, the influence of one friend on
the other, but also from a process of interpersonal selection
(assertive pairing), in which adolescents with similar values and
behavior seek each other out as friends. Longitudinal data on the
formation and dissolution of friendships indicate that selection and
socialization contribute about equally to the similarity in values
and behaviors (Kandel, 1978d). Available data on sex differences in
peer influence Indicate that females are more susceptible than males
to such influence (Jessor et al., 1973; Marqulies et al., 1977).
Susceptibility to peer influence is related to involvement in
eer-related activities, e? dating or getting together with
riends, and to degree of aftachment to and reliance on peers rather
than parents (Jessor and Jessor, 1978; Kandel et al., 1978a; Brook
et al., 1980). contact with other users increases the likelihood
that the individual will have increased opportunities to get the
drug. Poer-medistad approaches have been shown to be an effective
vehicle for interventions to prevent smoking of tobacco in
adolescents (Evans, 1*77; McAlister, 1979).  Dm powerful role of
peer influence on the use of marijuana would seem to suggest that it
would bmalso useful for preventive marijuana programs.

SUMMARY

There has been a steep rice in the use of marijuana and other illicit
drugs in_the past decade. So far it is primarily a youth phenomenon.
Since 1971 there has been at least a doubling of lifetime experience
with merijuane in every cohort in the 12- to 24-year a%e grouP. Of
ell psycnoactive drugs inventigated (including inhalants, hallucino-
gens, cocaine, heroin, stimulants, sedatives, and tranquilizer*),
marijuana is by far the most, commonly used illicit drug. Legal dru?s
for adults, such as alcohol and tobacco, are the most widely used o



51

all drugs among adolescents. Although substantially tcor* students
have ever used alcohol in their lifetime than have ever used _
marijuana, more high school seniors use marijuana on a “daily" basis
(9 percent) than use alcohol that frequently (6 percent). "Daily*
users report the use of marijuana in school, whereas daily uaa of
alcohol tends to occur after school and on weekends. o

Some trends in use of marijuana are apparent., The continuing
dramatic rise in the use of marijuana has recently slowed. It is too
early to tell whether this decrease w ill continue or is merely a
pause in the rise. The overall prevalence of use of marijuana has
remained at apgrommately 60 Bercent of high school seniors for the
years 1978, 1979, and 1980. Between 1975 and 1978 there was an
almost twofold increase in "dally" use of marijuana from 6 percent in
1975 to a peak rata of 11 percent in 1978. In 1980 the "daily" use
rate of high school seniors dropped by 1.2 percentage points, or more
than 10 percent. This may signal a reversal of the upward trend in
"daily" use unless higher absenteeism and school drop-out of daily
users are significant factors in the decline. Multiple sources
suggest that out-of-school age mates are heavier users than those in
school. Other trends have not slowed. There was a cont_lnum% rse
in 1980 of the proportion of high school seniors who during the year
had used seme illicit dru% othar than marijuana, from 28 percent in
1979 to 30 percent in 1980. o o

Throughout the 1970s, as a correlate of continuing riee in
prevalence rates, there was a trend toward younger ages of first use
of all of these drog*% For marléuana this age trend continues but
has slowed somewhat. In 1979, 23 percent of seniors who had used
marléuana started their use in the eighth grade or below as compared
to 25 percent in 1980. o _ _
~ "Daily" use of marijuana in hltt}h school and in early adult life
IS very high and merits special attention. Drawing on data from
Monitoring the Future, characteristics of "daily" users were.
described. For high school seniors the rate of "daily* marijuana use
in 1980 was 9.1 Bercent. Such users have very high involvement with
other drugs and bec'n their uae of drugs at very early ages. "Daily"
users are predominantly urban although rates do not vary by geographi-
cal regions of the country, whereas use _amon? white students i3 double
that for blacks. "Daily" use is only sll_?_hty higher in disrupted or
single parent homes than in nuclear families, and use is associated
with poor school achievement, absenteeism, and dropout. Non-college-
bound students are twice as likely to be "daily" users as were
students planning to attend co_Ile%e. Religious commitment and
self-ratings of strong belief in law-abiding behavior are associated
with lower "daily" use rates. "Daily" users are involved in more
automobile accidents and delinquency. _

Post-high school "daily" user rates are lowest among full-tim e
college students and those living in a college dormitory. "Dally*
use among non-college students was not related to joblessness,
employment, or military service. Single persons are twice as likely
aa married persons to ‘he "daily" users. Among tha married, those
with children had very low rates of "daily" uae. The "dally” uae
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habit has a remarkable stability. By 4 years after high school, 85
percent of "daily" using seniors in the class of 3975 were still
using marijuana, with 51 percent of them continuing to-be "daily"
uaers.

In these studies, students report reasons for usm% marléuana:
to have a good time with friends, to get "high,” to relieve boredom,
to enhance the effects of other dirugs, and to cope with stress.
"Daily" users are deepI){] immersed in" a drug-u_smg circle of friends.

Some "daily" users have discontinued their habit. Reasons Rl_ven
for stopping use of marijuana are lees of interest in getting "high,"
concern about harmful physical or psychological effects, and concern
about their loss of energK or ambition. _ ) .

More is known about the antecedents of using marijuana than is
known about the consequences of using marijuana (to be discussed
further in the chapters that follow ). Longitudinal studies have
established that use of marijuana is preceded by acceptance of a
cluster of beliefs and values that are favorable to use of marijuana
and also by the adoPtlon of deviant behaviors. The deviant psycho-
social attributes of marijuana users that were described almost a
decade ago, when uae of marijuana was a rare event, are just .,
characteristic of marijuana users today, when 60 percent of all high
school seniors report some experience with the use of marijuana.
Daily uaers show the extremes of these deviant behaviors but loss
deeply involved users also exhibit: some deviancy. Friendship
patterns and peer influence play a uniquely powerful role in .
determining youthful marijuana use. negative parental relationships
do not appear to be associated as an antecedent to use of marijuana.

RECOMMENDATIONS FOR RESEARCH

Additional research needed includes (1) epidemiologic studies on
patterns of use of drugs amon% young adolescents, including those who
leave school, (2) longitudinal studies to investigate the antecedents
and consequences of use of ma.rlﬁuar_la, and (3) studies of the effects
of marijuana in combination with uisr of other drugs.

~ Because samples of high school ssniors exclude youths most at
risk for hlgh marijuana involvement, namely adolescents not reqularly
attendlngb the high school, additional cohort-sequential epidemiologic
surveys beginning with prepubertal children are needed in order to
follow deveIoPment and behavior from early in life. An all-conclusive
approach would be hoth a prospective (concurrent) cohort study and a
retrospective caae-control study of possible outcomes of and risk
factors for marijuana uae (this recommendation ia described in detail
in Chapter 6). _

~"Dally" uaera have been understudied and may have the most severe
risk in terms of loss of learning potential, biological risk, and
psychosocial handicap. Studies should be undartaken to pradict who
among the large numbers of young peopla who try marijuana are at risk

of becoming "daily" users.
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Research on tha factors involved in cassation of the uaa of
marijuana should also ba carriad out. Tobacco sacking ia dacllnlngi
among youth (National Instituta of Education, 1979). "Tha reasons for
thlsho{ecllne could ba applicable to aarijuana eae and- should ba
sougnt. :

CStudies should ba undertaken to laarn how pear influence can ba
reliably usad to aodarati or prevent aarijuana usa in young
adolescents. o _

Properly planned longitudinal cohort studies should ba conducted
on both tha behavioral and physiological antecedents and consequences
of tha usa of aarijuana. Datailcd and continuing aadical and
psychosocial data ara naadad on tha Ufa careers of Anarlean adulta
who usa aarijuana "daily.* Retrospective studias of middle-aged and
eldarly parsons who hava a history of chronic haavy uaa of aarijuana
would ba systaaatically studiad for aadical and psychosocial
attributaa and for affacts on AOb performance. There era especially
needed for urban industrialized populations. _ ) _

LIttls Is known about ths oomuqueacas *£ emiag aaeijsana in
combination with other druys. mum— litvmo tha sates «f ear of oth”r
dru*s ara so high, this is of greaf edfl*8iijead3**toMMIdotpa.laa*y and
collaborative effort: are crocial if the OMylaacltiwr of multiple
drugs and intarcorrelatad behaviors ars to he disentangled.
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habit has a remarkable stability. By 4 years after high school, 85
percent of "daily* using aeniors in the class of 1975 were s till
using aarijuana, with 51 percent of thea continuing to be "daily"
Users.

In these studies, students report reasons for usin?. mariéuana:
to have a good time with friends, to get "high," to relieve boredom,
to enhance the effects of other drugs, and to cope with stress.
"Daily" users are deepl% immersed in a drug-u.smg circle of friends.

Seme "daily" users have discontinued their habit. Reasons ﬁl_ven
for stopping ua* of marijuana are loes of interest in getting "high,"
concern about harmful physical or psychological effects, and concern
about their loss of energK or ambition. _ ) _

More is known about the antecedents of using marijuana than is
known about the consequences of using aarijuana (to be discussed
further in the chapters that follow ). Iondgltudlnal studies have
established that use of marijuana in preceded by acceptance of a
cluster of beliefs and values that are favorable to use of aarijuana
and also by the adoPtlon of deviant behaviors. The deviant psycho-
social attiibutes of marijuana users that were described almost a
decade ago, when use of marijuana was a rare event, are just as
characteristic of aarijuana users today, when 60 percent of all high
school seniors report some experience with the use of marijuana.
Daily users show the extremes of these deviant behaviors but less
deeply involved users also exhibit seme deviancy. Friendship
patterns and peer influence play a uniquely powerful role in _
determining youthful marijuana usa. negative parental relationships
do not appear to be associated as an antecedent to use of marijuana.

RECOMMENDATIONS FOR RESEARCH

Additicnal research needed includes (1) epidemiologic studies on
patterns of use of drugs amon% young adolescents, including those who
leave school, (2) longitudinal studies to investigate the antecedents
and consequences of use of ma.rlg]uana, and (3) studies of the effects
of marijuana in combination with use of other drugs.

~ Because samples of nigh school seniors exclude youths most at
risk for hlﬁh marijuana involvement, namely adolescents not reqularly
attendlngb the high school, additional cohort-sequential epidemiologic
surveys beginning with grepu_bertal children are needed in order to
follow develoi)ment and behavior from early in life. An all-conclusive
ap?roach would be both a prospective (concurrent) cohort study and a
retrospecta c*r«-control study of possible outcomes of and Tisk
factors for aarijuana use (this recommendation is described in detail
in Chapter 6). _

~"Dally" users have been understudied and may have the most severe
risk in térms of loss of learning potential, biological riak, and
psychosocial handicap. Studies should be undertaken to predict who
among the large numbers of young people who try marijuana are at riak

of becoming "daily” uaers*



