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Abstract With the advent of legalization of” marijuana for
medicinal and recreational purposes, and the increase us. of
nirijuana, healtheare providers will be increasingly confronted
with marijuana uscrs as patients in clinical environments,
Vhile there is vast literature regarding the societal and mental
health harms associated with mariuana use, there s a paucity

of reviews of the potential conscquences of marijuani use on
physical health or medical conditions. We examine the recen
literature on the physical harms associated with illicit and legul
marijuana administration. We surveyed the peer-reviewed
medical literature from 1998 o 2013 of studics assessing the
ssociatign of marijuana usc and physical discases. We
conclude that healthcare providers should be cognizant that
tlws}\m& literature _suggests that marijuana usc_can_cuuse
ysical harm. Howevu evidence 15 needed, and lulthu
rescarch should be considered, to prove causal associations of
marijuana with many physical health conditions.
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Introduction

The legal and illicit use ol marijuana is increasing. In the USA,
16 states have legalized marijuana use for medical purposcs,
with more currently considering some form of legalization for
medical or non-medical usc [1]. This legislative trend runs
counter to US faw, which still plo[nmdeLtlon sale,
plmf marijuana independent ot purpose.
Martuana has been designated a Scheduled 1 medication by
the US Drug Enforcement Agency, indicating that marijuana
is among “the most dangerous class of drugs with a high
potmabuic and potentially scvere psychological and/
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or pTxTE‘IE"n dependence” [2], although the rationale for this
(SSCYSTICt—hes—beert controversial [3—6]. Recently, the
American Psychialric Association’s revised Diagnostic and
Statistical Manual of Menial Disorders affirmed that
marijuana use can proeress to a diagnosis of marijuana use
disorder, a condition requiring treatment [7].

“Cannabis is the world's most widely uscd illicit substance.
T 2010, as much as § % ol the world's population had used
marijuana [8]. In 2012, more than 100 million people in the
USA (42 % of the population) had ever used marijuana and
morce than 30 million (12 %) had used marijuana in the
previous year [9]. Usgwgwm the
USA bw [10]. Marijuana usc is
particularly high among youth and yim_gic_lgltmglf
selool students bave used in the previous month, [11], 40 % of
high school seniors have ever used marijuana [10], and 36 %
ol young adults had used marijuana in their lifetime [10]. The
incidence of marijuana_use disorder is increasing [12, 13].
With The adventor legalization of marijuana use for medicinal
and recreational purposes, and the increase in prevalence of
marijuana use disorder, healthcare re providecs will be
increasingly confrontéd with mmx]uana users as mueuts in
their clinical environments. Addressing the polential medical

harms of recreational, incidental, and pathologic marijuana
e e e e
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use will be more important as increasing numbers of these
patiedls access healtheare environments.
{AWTile much is known about the ps)\choloucal legal, and

sacictal cffeets of marijuana, less is known aboul how
marjuana affects body systems amnmm
(phymal ar medical harms. In addition, because the use of
n]mdpplOVLd by the US Food Drug
Administration, pmculmnus lmvc little reference o e side:
clfcets that resubide at rcial applic
aradoxically, practitioners need Jor more information
regarding potential side effects, medication interactions, and
medical and mental hcalth moroidity 15 precluded by its
recogmiTiom s aSTiednic 1 drug by the USA. Orally-
MiniStered e CANoNS Tal use marjuana constituents
(e.g., Sativex), contain synthetic products found in marijuana
c.g.. dl'(nlabinuumm to

marijuana (g nabilone) arc approved in various countrics.

ation, §

Howcver 'TITLSC derivative medications offer little insiobt imo
the poter harms of reercational, medicinal,

{liFTTmivated marfuana.

ssociation of marijuana and physical illncss naddinon,
several reviews of themedical consequences of marijuana use
environmental harms of the substance |12, 15-18]. Resunt
ingreases in medicinal, recreational, and pathologic marijuana
se, as well asg men;_,mﬂ literature, ICMCJI re-
evaluatidmot the medical harms of mar .
S review, we examined the recent peer-reviewed
literature (MLEDLINE and PubMed from 1998 to August
201 3y identify, review, anM%_anﬂhmmx\
of marijuana, We concentrated this review on the medical
m/me\ associated with the administration (mmm
We uvncwcdmm—fmﬂu a
possible association b TEEA -t e icalth
‘conditions, grouped By body systems mm)luum,
NCOMasiic, respirator Fscular, neurologic, renal and
urofGigic, gastrointestinal, gynceologic, and metabalic, We also
reViewy marjuand effects on human physiology and speculatc
about future rescarch needed to cxplore the medical harms
associaled with marjuana admimisTration.
We did not review, in part because the literature is already

wcll_r\micwcd, pubWsocimcd
with such activitics 0T Pt ent (c.g., lcgal problems,
criminality); physica Lumplualmns duc to use (c.g.. rauma
due - TSRy prachices when Usmg (c.q..
risky sexual behaviors); problems in pregnancy, including
development of the embryo/fetus (c.g., neurological
disorders) [19-24]; or increases or incidence of mental
disorders or discase (c.g.. psychosis) [25]. We also did not
ofradhe mcdicinal
medication nopersons

review the
treutment, including
who use nuarijuana,

concerns recuce (o

adherence.
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reviously reviewed (he latest lilerature regarding \
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Marijuana is a heterogencous and diverse product when
procured both legally and illicitly. Marijuana contains bioactive
substances that can pmducc pusumplwc and rcalized
pdlh()l()twnsu and diseases in humans. Three classes
of cannabinoids are known: (he phytocannabinoids (PC) from
Cunnahis sativa; the endocannabinoids that are endogenous in
manunals and other animals; and the synthetic cannabinoids.
The physiologic chemicals in marijuana are PC from C. sathva.
More than 60 cannabinoids have been identified in marijuana,
however, the three most abundant and most often studied are
tetrahydrocannabinol (THC), cannabindiol (CBD), and
cannabinol (CBN). THC is the psychoactive PC and is a partial
agonist for CB1 and CB2 reeeptors. CBD has no psychotropic
clleets. CBN is a degradation product of THC and has a mild
psychoteopic clTect. In humans, the CB1 receptors are primarily
found in the central nervous system (CNS) and the CB2
receptors are primarily found in peripheral tissue, including
cells involved in inflammation and immunity.

The endocannabinoids include arachidony! ethanolamide;
2-arachidonyl glycerol, n-arachidonyl-dopamine, and
virodhamine. A filth possible endocannabinoid is 2-
arachidonyl glycerol cther. The cndocannabinoids are
intereellular messengers derived from arachidonic acid. As
lipophilic compounds, they are integral Lo the cell membrane
and found in the cenural and peripheral nervous systems, and
other body tissue, where they interact with endogenous
cannabinoid reeeptors (CB1 and CB2) and other receptors.
Although the functions of the endocannabinoids are not
entirely clucidated, the endocannabinoids scem to have
important functions including fotal developiment pment and the
immune system. Several endocannabinoid-receptor systcmé“
have been described and, b&sidges CB! and CB2 receplors,
other atypical receptors have been found that bind with
various cannabinoid compounds

e
Infectious Discase Risk

Owing to polential immune dysfunction, marijuana use may
increase risk of a variely of infectious agents. Marijuana
decrcases immune cell activity, Sug;_,k.sl_l’ll)/t_li'lt use o
marijuana can lead to an increased suscepublhty to a wide-

““-EE_LMM)] The role of cannabinoids in /
suppressing the inflammaltory response and immunity may
also decrease_resistance-to various infectious agents [27].
For example, two case studics described—outbreaks of
tuberculasis (TB) in marijuana users [28, 29]. One casc study
ictlowed 11 youths smoking marijuana in a closed car andy
contracting the same TB isolate. Interestingly, 14 of their °
friends also tested positive for TB, suggesting that TB can

be transmitted more readily in souallv lmkcd mar Uuana uscrs
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[29]. The risk of TB wansmissioncan-bepotentially as high as
two-fold in marijuana users | 28].

Sociarerwarks combined with impaived immune fanction
among marijuana users may also have had a role in an
outbreak of Neisseria meningitides, where hoth the users
and the contacts were linked to marijuana use [30, 317
Sexually-transnutted discascs arc also associated with
marijuana usc, although itis unclear whether the visky sexual
yactices and/or impaired immune function may primarily be
conlributory [32]. Co-users of marjuana, methaqualone, and
tob:m@s@ ol oral
candida than non-smokers {33, 34 o

Marijuana uscrs” risk of dev LI()DMQ\ ere steatosis (fatty

degencration) and hblosm in the liver (IuoLwh n Lumus Virus

thmﬂ L\/a_lud"tg_d For meplL ma sL\mpIL of 315
patients with untreated chronie hepatitis C who undenwent
liver biopsy, one study found. that marked hepatic_gteatosis
wa&(_[_)__gsunmud wilh daily marijuana_usc; (2)More often
seen in daily marijuana users than oceasional users; and (3)
more oﬁcn‘m:s compared with non-users cven
when hepatitis C genotype and alcohiol use was considered
[35]. Researchers in another study found that after adjustiment
for other factors hike alcohol use, daily marijuana use was
associated with moderale-to-severe fibrosis in 1 paticnts witl
chronic hepatitis CT3GT. —

—~= [nsummary, a Tew studics explore the relationship between
infections and marijuana use outside of risky behaviors
associaled with marjuana use. Compared with the gencral
population, magijuana users may be more prone (o viral and

somc. bacterial inflections, tn¢ udmﬂ T Basedon rescarch

1%:11(11111, the Tarmor idrijdEna. uﬁc i patients with chronic
hepatitis C, |ls usc in thuc p.muus may be dLlC(L‘ll()ll\

Cancer Discase Risk

Marijuana could be potentially carcinogenie. Cannabinoids
have been shown Lo suppress immune Ilmclwwc
tum(nwum reaclive oxygen 1 species, and nmumum tar
Lonlami Tcarcinogens smiilar (o the tar in Ll”dICllLS |17}
Unfmlmmlc[y, mclhodoloumal Tlimitations in nmny "ol The
reviewed studics, including scleclion bias, small sample size,
limited generalizability, and lack of adjustment for tobaceo
smoking, may limit the ability to altribute cancer risk solely to
marijuana use [37, 38]. Tn addition, as pre-malignant changes
and cancer development may take some time to develop and
niarijuana exposure lends Lo occur in youth and young adults,
studies may not have cnough follow-up time to cxplore
marijuana's carcinogenic risk. In one review, marijuana
giwoking

uid bronchial mucosal function but when adjusted for tobacco
P,

se the studies did not show « significant association between

socialed with changes in alveolar macrophage

tharijuana usc and lung cancer [39). There have been series ol

literature reviews associated with marijuana smoking and
cancer [39, 40/ )
—Recently, in another review, two cohort studics and 14 case-
controlled studics were described [38]. The cohort studics
cxplored the association between marijuana use and adult-
onset gliomas, lung, colorectal, prostate, and cervical cancer.
Many of the studics had conflicting results or lacked a
statistically significant association between marijuana usc and
cancer. The review poinis out some limitations of” the studics,
including possible under-reporting of self-marijuana use, small
sample sEETand confounders, such as concurrent tobacco
smoking. n a casc-control study from 1999, 173 patients with
squamous celf cancer (SCC) of the head and neck along with
176 cancer-free participants were examined, and investigators
found that n@mukus_ﬂd—an mcncascd risk for cancer
than_non-smokers [4!] Imuuulon cllects were found with
marjuana use and ugzuutc smoke, mula;,t.n “sensitivity, and
use of alcohol. In a recent, large population-based case-
controlled study, with adjustments for sex, cducation, birth
year, alcohol use, and cigarctte use, there was no significant
association between oral cancer risk and marijuana usc [42].
There secms to be an association in the literature with
marijuana usc and bladder cancer [43]. In a case—control study
of a umncn diagnosed with transitional

cell bladder cancer THvoIVing age- ige-matched controls with no

history ol cancer, a stalistical dillerence in cancer occurred

wilh lhos:’ﬁzxsonx who were habitual marijuana users,
including associations of” marijuana use and stage, gmdc
and recurrence of the cancer [44]. Several recent studics
suggest an association between marijuana use and testicula
germ cell tamors [45-47]. [ ——

Considering the toute of exposure to inhaled marijuana,
risk for cancers of the head, neck, and pharyngeal arcas could
be likely. In a population-based case control study, with
adjustments for sex, cducation, birth year, alcohol use, and
cigarctte use, there was no significant association between oral
SCC risk and marjuana usc [42]. Similarly, in a large sample
ol patients with head and neck cancer, lor those who ever

smoked marijuany, there was no increased risk of cancer nor
was there an association in those smoking one joint per day for
I year. However, there was an increased risk of head and neck
cancer in those who had smoked marijuana for more than
20 years and were never alcohol users compared with
marijuana users who never used tobacco [48]. In another
case-controlled study, no significant risk for head and neck
cancer occurred for those people who had cver used
marijuana; however, there was indication that higher exposure
may lcad to a greater risk [49). Scveral other studics have not
been conclusive w attribute risk of marijuana to csophageal
and pharyngcal cancers when adjusted for confounders,
especially cigarette smoking [S0].

The risk of lung cancer has been examined in marijuana
users. In a case-control study of fung cancer in marijuana
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e amount of THC in m__a_rjjuana‘sn_gyes confiscated by police has been increasing
steadily over the past few decades.

n 2012, THC concentrations in marijuana

averaged close to 15 percent, compared to around 4 percent in the 1980s.*For a new
user, this may mean exposure to higher concentrations of THC, with a greater chance
of an adverse or unpredictable reaction."ﬁcreases in potency may account for the rise
in emergency department visits involving marijuana use. For frequent users, it may
mean a greater risk for addiction if they are exposing themselves to high doses on a
regular basis. However, the full range of consequences associated with marijuana's
higher potency is not well understoodYFor example, experienced users may adjust
their intake in accordance with the potency or they may be exposing their brains to
higher levels overall, or both.

‘\I/s Marijuana Addictive?

pfontrary to common belief, marijt.mr\aais-_’,’g_ggi_(:tive. Estimates from research suggest that
aboﬁ@‘ﬁercent of users become addicted to marijuana; this number increases among
those who start young (to about 17 percent, or 1 in 6) and among people who use
marijuana daily (to 25-50 percent).

Long-term marijuana users trying to quit report withdrawal symptoms including irritability,
sleeplessness, decreased appetite, anxiety, and drug craving, all of which can make it
difficult to abstain. Behavioral interventions, including cognitive~-behavioral therapy and
motivational incentives (i.e., providing vouchers for goods or services to patients who
remain abstinent) have proven to be effective in treating marijuana addiction. Although no
medications are currently available, recent discoveries about the workings of the
endocannabinoid system offer promise for the development of medications to ease
withdrawal, block the intoxicating effects of marijuana, and prevent relapse.

How Does Marijuana Affect a User’s Life?
\/ .

Research shows marijuana may cause problems in daily life or make a person's
existing problems worse. {eavy marijuana users generally report lower life v
satisfaction, poorer mental and physiggl_bvgqgwore relationship problems, and less
academic and career success compared to non-marijuana-using peers. F_o_rEample,

d—
studies also associate workers' marijuana smoking with increased absences, tardiness,

accidents, workers' compensation claims, and job turnover.
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