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Abstract With the advent of legalization of marijuana for
medicinal and recreational purposes, and the increase use of
marijuana, healthcare providers will be increasingly confronted
with marijuana users as patients in clinical environments.
While there is vast literature regarding the societal and mental
health harms associated with marijuana use, there is a paucity
of reviews of the potential consequences of marijuana use on
physical health or medical conditions. We examine the recent
literature on the physical harms associated with illicit and legal
marijuana administration. We surveyed the peer-reviewed
medical literature from 1998 to 2013 of studies assessing the
association of marijuana use and physical diseases. We
conclude that healthcare providers should be cognizant that
the existing literature suggests that marijuana use can cause
physical harm. However, evidence is needed, and further
research should be considered, to prove causal associations of
marijuana with many physical health conditions.
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Introduction

The legal and illicit use of marijuana is increasing. In the USA,
16 states have legalized marijuana use for medical purposes,
with more currently considering some form of legalization for
medical or non-medical use [1]. This legislative trend runs
counter to US law, which still prohibits the production, sale,
procurement, and use of marijuana independent of purpose.
Marijuana has been designated a Scheduled I medication by
the US Drug Enforcement Agency, indicating that marijuana
is among “the most dangerous class of drugs with a high
potential for abuse and potentially severe psychological and/
or physical dependence” [2], although the rationale for this
assessment has been controversial [3—6]. Recently, the
American Psychiatric Association’s revised Diagnostic and
Statistical Manual of Mental Disorders affirmed that
marijuana use can progress to a diagnosis of marijuana use
disorder, a condition requiring treatment [7].

Cannabis is the world’s most widely used illicit substance.
In 2010, as much as 5 % of 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
more than 30 million (12 %) had used marijuana in the
previous year [9]. Use by underage populations within the
USA has risen over the last ten years [10]. Marijuana use is
particularly high among youth and young adults: 23 % of high
school students have used in the previous month [11], 40 % of
high school seniors have ever used marijuana [10], and 56 %
of young adults had used marijuana in their lifetime [10]. The
incidence of marijuana use disorder is increasing [12, 13].
With the advent of legalization of marijuana use for medicinal
and recreational purposes, and the increase in prevalence of
marijuana use disorder, healthcare providers will be
increasingly confronted with marijuana users as patients in
their clinical environments. Addressing the potential medical
harms of recreational, incidental, and pathologic marijuana
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use will be more important as increasing numbers of these
patients access healthcare environments.

While much is known about the psychological, legal, and
societal effects of marijuana, less is known about how
marijuana affects body systems and incites acute or chronic
physical or medical harms. In addition, because the use of
medical marijuana is not approved by the US Food Drug
Administration, practitioners have little reference to the side
effects that result from marijuana’s medicinal application.
Paradoxically, practitioners need for more information
regarding potential side effects, medication interactions, and
medical and mental health morbidity is precluded by its
recognition as a Schedule I drug by the USA. Orally-
administered medications that use marijuana constituents
(e.g., Sativex), contain synthetic products found in marijuana
(e.g., dronabinol), and/or contain chemicals similar to
marijuana (e.g., nabilone) are approved in various countries.
However, these derivative medications offer little insight into
the potential physical harms of recreational, medicinal, or
illicit inhaled marijuana.

We have previously reviewed the latest literature regarding
association of marijuana and physical illness [14]. In addition,
several reviews of the medical consequences of marijuana use
have concentrated on the mental health, societal, and
environmental harms of the substance [12, 15-18]. Recent
increases in medicinal, recreational, and pathologic marijuana
use, as well as emerging literature, require a critical re-
evaluation of the medical harms of marijuana.

In this review, we examined the recent peer-reviewed
literature (MEDLINE and PubMed from 1998 to August
2013) to identify, review, and report on potential medical harms
of marijuana. We concentrated this review on the medical
consequences associated with the administration of marijuana.
We reviewed recent peer-reviewed literature that indicates a
possible association between marijuana use and physical health
conditions, grouped by body systems, including immunologic,
neoplastic, respiratory, cardiovascular, neurologic, renal and
urologic, gastrointestinal, gynecologic, and metabolic. We also
review marijuana effects on human physiology and speculate
about future research needed to explore the medical harms
associated with marijuana administration.

We did not review, in part because the literature is already
well reviewed, published work regarding harms associated
with such activities of procurement (e.g., legal problems,
criminality); physical complications due to use (e.g., trauma
due to blunted sensorium); risky practices when using (e.g.,
risky sexual behaviors); problems in pregnancy, including
development of the embryo/fetus (e.g., neurological
disorders) [19-24]; or increases or incidence of mental
disorders or disease (e.g., psychosis) [25]. We also did not
review the concerns of adherence to medicinal
treatment, including medication adherence, in persons
who use marijuana.
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Marijuana Physiology

Marijuana is a heterogeneous and diverse product when
procured both legally and illicitly. Marijuana contains bioactive
substances that can produce presumptive and realized
pathological responses and diseases in humans. Three classes
of cannabinoids are known: the phytocannabinoids (PC) from
Cannabis sativa ; the endocannabinoids that are endogenous in
mammals and other animals; and the synthetic cannabinoids.
The physiologic chemicals in marijuana are PC from C. sativa.
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 receptors. CBD has no psychotropic
effects. CBN is a degradation product of THC and has a mild
psychotropic effect. 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 arachidonyl ethanolamide;
2-arachidonyl glycerol, n-arachidonyl-dopamine, and
virodhamine. A fifth possible endocannabinoid is 2-
arachidonyl glycerol ether. The endocannabinoids are
intercellular messengers derived from arachidonic acid. As
lipophilic compounds, they are integral to the cell membrane
and found in the central and peripheral nervous systems, and
other body tissue, where they interact with endogenous
cannabinoid receptors (CB1 and CB2) and other receptors.
Although the functions of the endocannabinoids are not
entirely elucidated, the endocannabinoids seem to have
important functions including fetal development and the
immune system. Several endocannabinoid-receptor systems
have been described and, besides CB1 and CB2 receptors,
other atypical receptors have been found that bind with
various cannabinoid compounds.

Infectious Disease Risk

Owing to potential immune dysfunction, marijuana use may
increase risk of a variety of infectious agents. Marijuana
decreases immune cell activity, suggesting that use of
marijuana can lead to an increased susceptibility to a wide-
range of infections [26]. The role of cannabinoids in
suppressing the inflammatory response and immunity may
also decrease resistance to various infectious agents [27].
For example, two case studies described outbreaks of
tuberculosis (TB) in marijuana users [28, 29]. One case study
followed 11 youths smoking marijuana in a closed car and
contracting the same TB isolate. Interestingly, 14 of their
friends also tested positive for TB, suggesting that TB can
be transmitted more readily in socially-linked marijuana users
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[29]. The risk of TB transmission can be potentially as high as
two-fold in marijuana users [28].

Social networks combined with impaired immune function
among marijuana users may also have had a role in an
outbreak of Neisseria meningitides, where both the users
and the contacts were linked to marijuana use [30, 31].
Sexually-transmitted diseases are also associated with
marijuana use, although it is unclear whether the risky sexual
practices and/or impaired immune function may primarily be
contributory [32]. Co-users of marijuana, methaqualone, and
tobacco users had a higher prevalence and density of oral
candida than non-smokers [33, 34].

Marijuana users’ risk of developing severe steatosis (fatty
degeneration) and fibrosis in the liver through infectious virus
vectors has been evaluated. For example, in a sample of 315
patients with untreated chronic hepatitis C who underwent
liver biopsy, one study found that marked hepatic steatosis
was (1) associated with daily marijuana use; (2) more often
seen in daily marijuana users than occasional users; and (3)
more often seen in daily users compared with non-users even
when hepatitis C genotype and alcohol use was considered
[35]. Researchers in another study found that after adjustment
for other factors like alcohol use, daily marijuana use was
associated with moderate-to-severe fibrosis in patients with
chronic hepatitis C [36].

In summary, a few studies explore the relationship between
infections and marijuana use outside of risky behaviors
associated with marijuana use. Compared with the general
population, marijuana users may be more prone to viral and
some bacterial infections, including TB. Based on research
regarding the harm of marijuana use in patients with chronic
hepatitis C, its use in these patients may be deleterious.

Cancer Disease Risk

Marijuana could be potentially carcinogenic. Cannabinoids
have been shown to suppress immune function and increase
tumorigenic reactive oxygen species, and marijuana tar
contains carcinogens similar to the tar in cigarettes [37].
Unfortunately, methodological limitations in many of the
reviewed studies, including selection bias, small sample size,
limited generalizability, and lack of adjustment for tobacco
smoking, may limit the ability to attribute cancer risk solely to
marijuana use [37, 38]. In addition, as pre-malignant changes
and cancer development may take some time to develop and
marijuana exposure tends to occur in youth and young adults,
studies may not have enough follow-up time to explore
marijuana's carcinogenic risk. In one review, marijuana
smoking was associated with changes in alveolar macrophage
and bronchial mucosal function but when adjusted for tobacco
use the studies did not show a significant association between
marijuana use and lung cancer [39]. There have been series of

literature reviews associated with marijuana smoking and
cancer [39, 40].

Recently, in another review, two cohort studies and 14 case-
controlled studies were described [38]. The cohort studies
explored the association between marijuana use and adult-
onset gliomas, lung, colorectal, prostate, and cervical cancer.
Many of the studies had conflicting results or lacked a
statistically significant association between marijuana use and
cancer. The review points out some limitations of the studies,
including possible under-reporting of self-marijuana use, small
sample size, and confounders, such as concurrent tobacco
smoking. In a case—control study from 1999, 173 patients with
squamous cell cancer (SCC) of the head and neck along with
176 cancer-free participants were examined, and investigators
found that marijuana smokers had an increased risk for cancer
than non-smokers [41]. Interaction effects were found with
marijuana use and cigarette smoke, mutagen sensitivity, and
use of alcohol. In a recent, large population-based case-
controlled study, with adjustments for sex, education, birth
year, alcohol use, and cigarette use, there was no significant
association between oral cancer risk and marijuana use [42].

There seems to be an association in the literature with
marijuana use and bladder cancer [43]. In a case—control study
of a convenience sample of men diagnosed with transitional
cell bladder cancer involving age-matched controls with no
history of cancer, a statistical difference in cancer occurred
with those persons who were habitual marijuana users,
including associations of marijuana use and stage, grade,
and recurrence of the cancer [44]. Several recent studies
suggest an association between marijuana use and testicular
germ cell tumors [45-47].

Considering the route of exposure to inhaled marijuana,
risk for cancers of the head, neck, and pharyngeal areas could
be likely. In a population-based case control study, with
adjustments for sex, education, birth year, alcohol use, and
cigarette use, there was no significant association between oral
SCC risk and marijuana use [42]. Similarly, in a large sample
of patients with head and neck cancer, for those who ever
smoked marijuana, there was no increased risk of cancer nor
was there an association in those smoking one joint per day for
1 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 ever used
marijuana; however, there was indication that higher exposure
may lead to a greater risk [49]. Several other studies have not
been conclusive to attribute risk of marijuana to esophageal
and pharyngeal cancers when adjusted for confounders,
especially cigarette smoking [50].

The risk of lung cancer has been examined in marijuana
users. In a case—control study of lung cancer in marijuana
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users, 149 hospitalized lung cancer patients were compared to
188 control participants [51]. When adjusted for age, tobacco
use, and occupational exposures, there was an increased risk
for the development of lung cancer in those who used
marijuana, but that risk was less than that faced by tobacco
users. In a 2008 case—control study, participants were
interviewed to assess risk factors for lung cancer [52].
Seventy-nine individuals with lung cancer (aged 55 years or
younger) were compared with 324 randomly-selected control
participants. After adjusting for cigarette smoking and other
confounding variables, for each joint-year of cannabis
smoking there was an 8 % increased risk of developing lung
cancer. When using cigarette pack/year and adjusting for
marijuana use, there was a 7 % increased risk of developing
lung cancer. After adjusting for cigarette smoking, this group
had an increased risk of lung cancer with long-term use of
marijuana. In another retrospective study involving a review
of surgical pathology, regular marijuana use was thought to be
a risk for developing lung cancer [53].

In summary, there does appear to be an increased risk of
cancer (particularly head and neck, lung, and bladder cancer) for
those who use marijuana over a period of time, although what
length of time that this risk increases is uncertain. In addition,
this risk may be related to the carcinogenic materials in
marijuana, as well the smoke produced in inhalation.
Although this risk may not be comparable to the risk of tobacco
users, with long-term use and concurrent use of tobacco and
alcohol the risks for cancer seem to increase for marijuana users.

Oral Cavity Disease Risk

Various oral cavity diseases and disorders have been
associated with marijuana use, including abnormal oral
dryness, caries, severe inflammation of the gums and dental
framework leading to loosening of the teeth, and mucosal
abnormalities [34]. In addition, marijuana users may have a
higher incidence of dental caries and periodontal disease, but
this may be associated with poor hygiene rather than direct
effects of inhaled marijuana [54]. Grayish-white lesions, dry
mouth, and traumatic ulcers were found to be more prominent
in marijuana smokers than non-smokers [55]. The degree of
periodontal attachment loss seems to be more prominent in
marijuana smokers than non-smokers [56]. In this study,
although tobacco smokers had periodontal disease, no
interaction between marijuana use and tobacco smoking was
found in predicting periodontal disease.

Pulmonary Disease Risk

Inhaled marijuana could incur a risk to pulmonary disease,
and numerous studies have been published regarding the
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effect of marijuana on respiratory dysfunction. Case studies
tend to report unusual conditions such as spontaneous
pneumothorax or small-cell lung cancer in young adults. An
increase in the number of longitudinal studies based on large
databases has added to what is known about the effects of
marijuana on the respiratory system. An expert review by Lee
and Hancox [57¢] suggested that marijuana and tobacco
smoking have different effects on lung function. Some of the
14 studies reviewed showed an association between marijuana
use and large airway inflammation and symptoms of
bronchitis, as well as increased airway resistance and changes
in dynamic respiratory function tests that measure air volume
and velocity on expiration.

Typical respiratory function tests measured in marijuana
and tobacco studies include forced vital capacity (FVC) that
measures the volume of air in a forced expiration; forced
expiratory volume in 1 s (FEV,), the volume forcefully
expired in 1 s; total lung capacity (TLC); residual volume of
air in the lung at the end of a forced expiration; and functional
residual capacity (FRC), the volume of air remaining in the
lung after a normal expiration. Decreased FEV is typically
associated with both obstructive diseases, such as asthma,
chronic bronchitis, and emphysema, and restrictive diseases,
such as pulmonary fibrosis or other lung tissue dysfunction.
The ratio of FEV; to FVC is often low in both restrictive and
obstructive lung disease.

Two large, longitudinal cohort studies found differing
results in their studies of the association between marijuana
and tobacco use with adverse pulmonary function. Hancox
et al. [58¢] compared spirometry tests of marijuana users and
cigarette smokers. A cohort of participants (7 =972 men and
women) had spirometry tests at the age of 9, 11, 13, 15, 18, 21,
26, and 32 years. The changes in the marijuana users in the
study were independent of the effects of tobacco smoke.
Compared with cigarette smokers, and adjusting for tobacco
exposure, marijuana use was significantly associated with
higher FVC; however, there was no significant association
with FEV; or FEV{/FVC ratio, suggesting that there was no
indication of chronic obstructive pulmonary disease.
Marijuana use was consistently associated with increases in
TLC, FRC, residual volume, and alveolar volume. This
increased lung volume in marijuana users may be related to
the deep inhalation and breath-holding seen in marijuana
users, but not tobacco users or, alternatively, marijuana may
have some direct, chronic effect on airway function. Pletcher
et al. [59¢] examined 5,016 men who were followed for
20 years and tested at years 2, 5, 10, and 20 ; 54 % of the
sample used cigarettes and/or marijuana at least once. The
investigators found no significant interactions between
tobacco and marijuana exposure for FEV, or FVC.
Marijuana users were more likely to have an increase in
FEV, and FVC, but in the few heavy marijuana users in the
study (over 40 joint-years), there was a decrease in FEV; and a
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significant increase in FVC, suggesting an increase in airway
resistance along with a significant increase in lung volume.

Since 1990, three reviews have summarized pulmonary
changes found in individuals who smoke marijuana [60—62].
These changes include lung injury, alveolar macrophage
dysfunction, and an increased risk of pulmonary infections
and respiratory cancer. The reviewers also report that short-
term use of marijuana is associated with modest
bronchodilation, chronic cough, and increased sputum
production, while chronic exposure to THC is associated with
depressed inflammatory reactions that could lead to increased
pulmonary infections.

A review of 34 articles on the impact of marijuana smoking
on pulmonary function and respiratory complications
explored the results of airflow studies in short- and long-
term marijuana users [63]. Eleven studies found an association
between short-term marijuana use and bronchodilation,
demonstrated by an increase in FEV,. In the studies looking
at lung changes in long-term marijuana users, the review
found no consistent association between long-term use and
measures of air flow obstruction. Fourteen studies that
assessed respiratory complications found increased cough,
sputum productivity, and wheezing in marijuana smokers.
Limitations were found in the quality of some of the studies
reviewed, particularly in controlling for confounders such as
concurrent tobacco smoking.

Other studies in the last 25 years have suggested that,
compared with non-marijuana users and non-smokers,
marijuana users were more at risk for experiencing respiratory
dysfunction, including symptoms of chronic bronchitis,
increased mucus production, wheezing, increased
hyperinflation, FVC, and residual volume in respiratory
function tests [64—67].

Additionally, marijuana may be an aeroallergen for some
individuals and some may be at risk for marijuana allergy. In
one study, cannabis might be a clinically important allergen in
certain patients; 61 % (78/127) of the participants tested
positive for cannabis in allergy skin testing where participants
lived in areas where cannabis grows naturally [68].

Cardiovascular Disease Risk

The endocannabinoids and phytocannabinoids both bind with
cannabinoid receptors in the cardiac endocannabinoid system,
and several studies have reported adverse cardiac effects with
the use of marijuana [69, 70]. It is already known that
occasional marijuana use is associated with an acute increase
in heart rate, palpitations, and orthostatic hypotension. Other
cardiovascular diseases are possible and are reviewed below.

As discussed below, conflicting findings have been
published regarding the risk of mortality in marijuana use
and acute myocardial infarction. Malinowska et al. [71¢]

reviewed the role of the cannabinoids and blood pressure
regulation, and found that marijuana use in humans results
in two cardiovascular phases. In phase 1, there is an increase
in heart rate and a slight increase in blood pressure. This
reaction may be related to an increase in sympathetic
stimulation and a decrease in parasympathetic stimulation. In
phase 2, orthostatic hypotension is the predominant sign, with
a decrease in vascular resistance attributed to CB1 receptor
stimulation. In chronic marijuana users, the effects of the
cannabinoids on heart rate and blood pressure are longer-
lasting and may be associated with a variety of adverse effects.
In susceptible individuals, an increase in heart rate could result
in cardiac ischemia and the arrhythmic effects of the
catecholamines. Because marijuana has an analgesic effect,
long-term users may not experience typical pain associated
with cardiac ischemia and thus might delay medical help.
Additionally, there may be an impairment of cardiac
oxygenation due to the effect of marijuana smoke on
increasing carboxyhemoglobin and stimulation of cell stress.

Some studies have shown an increase risk of acute
myocardial infarction (AMI) associated with marijuana use,
including a study showing an increased risk (4.8 %) of AMI
within 1 h of smoking marijuana compared with those who
did not smoke marijuana [72]. In a follow-up study, Frost et al.
[73¢] analyzed the hazard ratio for patients and mortality rate
among marijuana users, and found no statistically significant
association between marijuana use and mortality. Rodondi
et al. [74] did not find an increased risk of AMI in
marijuana-using participants in a 15-year longitudinal study.
However, compared with others, the marijuana users had a
higher caloric intake, drank more alcohol, and were more
likely to have an elevated systolic blood pressure and lower
plasma triglycerides. Based on a recent prospective cohort
study of the mortality rate after AMI in marijuana users, the
risk of cardiovascular death seems to be low in most marijuana
users; however, the use of marijuana may contribute to
unhealthy lifestyles and risky behavior that can increase
post-AMI mortality in those individuals with coronary heart
disease [75].

A healthy debate continues to be held regarding whether
the growing number of reported cases of cannabinoid arteritis
represents a distinct and separate disease from thromboangiitis
obliterans. In a review of cannabis arteritis, Peyrot et al. [76]
reported that since 1960, more than 50 cases of arteritis,
similar to thromboangiitis obliterans, have been reported by
marijuana users who did not smoke cigarettes. Cannabis
arteritis may be analogous to thromboarteritis obliterans seen
in cigarette smokers, and Peyrot et al. [76] suggest that
cannabis arteritis may be a cause of juvenile peripheral
obstructive arterial disease. Disdier et al. [77] described recent
cases of cannabis arteritis in a sample of patients who were
moderate tobacco and regular marijuana users. Arteriographic
studies found distal abnormalities similar to Buerger’s disease
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(thromboangiitis obliterans) with changes in the architecture
of the vasonervorum.

Neurologic Disease Risk

Several anatomical and functional neurological abnormalities
have been associated with marijuana use, and numerous
studies have examined white and gray cerebral matter
differences and functional brain activation in marijuana
users compared with non-users, with mixed results
[78-86]. If proven that marijuana use changes brain
volume and brain activation in various areas of the
cerebrum, the potential clinical ramifications may include
verbal learning deficiencies, associative learning, attention,
and alertness [81].

Gonzalez [87] reviewed the scientific literature related to
neurobehavioral function and marijuana use. He found that in
acute intoxication, subjective mental status was altered, but
that the reporting of signs and symptoms of brain function and
neuropsychological performance were not consistent in the
literature. Frequent heavy users of marijuana were more likely
to have neuropsychological deficits. Pope et al. [88] reviewed
the literature for studies where participants were given
marijuana and then studied (drug-administration studies),
and studies where heavy marijuana users abstained before
participating in the study (naturalistic studies). Although
marijuana use 12-24 h before testing was associated with
changes in attention, psychomotor task ability, and short-
term memory, there were insufficient data in the studies
reviewed for any long-term effects on the CNS. Any long-
term effects of residual drug on the CNS could be influenced
by the acute effects of the drug, the susceptibility of the user,
or any pre-existing psychiatric disorder .

In a meta-analysis, investigators examined eight cognitive
domains within 11 of 1,014 studies on the residual
neurocognitive effects of marijuana use [89]. For six of the
domains there was an effect size of zero; however, there was
an increased effect size between marijuana use and learning
and forgetting. The authors concluded that chronic users
seemed to have a decrease in the ability to learn and to
remember information. However, they suggest the small effect
size of the findings might indicate an acceptable margin of
safety if marijuana is used therapeutically.

Despite these studies, marijuana use has otherwise been
associated with vascular disease in the CNS. Several recent
cases of ischemic strokes associated with marijuana use are
present in the recent literature [90-92]. Furthermore, a recent
vascular study of marijuana users and controls seemed to
indicate that chronic marijuana users may be at risk for stroke
[93]. In a recent review of cases of marijuana-related cerebral
ischemic events, the author concluded that cerebral vasospasm
appeared to be a likely cause of the ischemic events, but did
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not rule out incidence of emboli of cardiac origin and systemic
hypotension due to marijuana use [94].

There may be a risk of tardive dyskinesia due to marijuana
exposure [95]. In addition, at this point a paucity of literature
has described exposure to marijuana and transient amnesia
[96], ataxia [97], and propriospinal myoclonus [98], and
spasticity [99]. Several studies have also examined marijuana
use and resultant memory and cognitive function with mixed
results [100—104].

Ocular Disease Risks

Some reviews and descriptive reports have indicated that use of
marijuana can result in a variety of optical conditions, including
image alteration, distorted vision, and photosensitivity [105,
106]. Most of these effects were not found to be harmful or
long lasting. However, one of the more controversial topics
related to marijuana use and ocular health is the role of
cannabinoids in treating glaucoma. Despite numerous claims
and support of alternative medicine promoters, marijuana has
not been accepted as an effective treatment of glaucoma.
Although THC does seem to decrease intraocular pressure,
marijuana’s effect in reducing ocular pressure is short lived
and the drug would need to be smoked every 3—4 h to maintain
a lower pressure [107]. Previously, the National Eye Institute
had supported studies exploring the effectiveness of smoked
marijuana, as well as THC-containing drugs, but subsequently
found that marijuana was not as effective as current standard
treatment of glaucoma [108].

Renal and Urological Disease Risk

[llicit substances, including marijuana, may be associated with
renal and urological dysfunction, including glomerular,
interstitial, and renal vascular disease [109]. Vupputuri et al.
[110] studied the association between marijuana use in
hypertensive patients and the risk for developing mild renal
disease, and did not find an association of marijuana use with
renal disease.

A review by Thompson [111] looked at the causes of male
infertility and included marijuana as one of the potential
causes. Marijuana can decrease spermatogenesis and
circulating testosterone levels [112]. In a case—control study,
investigators explored pyospermia in infertile men and the
relationship to marijuana smoking [113]. Compared with
non-users, significant increases in leukocytes in seminal fluid
were found in marijuana users, but did not have a significant
difference in multivariable analyses. Johnson et al. [114]
reviewed the data from the 1981-1983 Epidemiologic
Catchment Area Project to study the association between
sexual dysfunction and drug and alcohol use. Controlling for
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confounders, inhibited orgasm and painful sex were
associated with marijuana and alcohol use.

Digestive Disease Risks

There exist more than three dozen articles on “marijuana
hyperemesis.” Although many of the articles included case
descriptions, some articles were case series, including a
retrospective study involving marijuana users who
experienced nausea and vomiting; stopping marijuana use
caused the symptoms to dissipate [115¢]. The authors report
that marijuana hyperemesis is often under-diagnosed and
under-reported.

Gynecological Disease Risks

Marijuana, perhaps alone or with other illicit drug use, may
impart infertility to women [116]. In a case control study,
investigators studied the risk of infertility in a sample of
infertile women who used illicit drugs, including marijuana,
and they found that women who used marijuana within 1 year
of trying to become pregnant were not likely to become
pregnant [117]. Two studies looked at the risk of vaginal
infections and marijuana use. Marijuana users were six times
more likely to develop Trichomonas vaginalis infection than
non-marijuana users [118]. In another study to determine the
risk of vaginal yeast infections in marijuana users,
investigators found marijuana use in the last 4 months was
associated with the presence of vaginal yeast [119].

Hematologic and Immunologic Disease Risk

Except for that reported above, no epidemiological studies in
the last 20 years have reported on marijuana use and disorders
of the hematopoietic and lymphatic systems, despite strong
research evidence that CB2 receptors are found predominantly
on cells involved in immunity and inflammation. Cannabinoid
receptors (CB2) are expressed in human immune tissues and
leukocyte subtypes [120]. Authors recently suggested that the
CB2 receptors are required for the development of both T- and
B-lymphocyte subsets [121]. Interestingly, a recent study
indicated that there was a decreased risk for non-Hodgkin’s
lymphoma in lifetime marijuana users [122].

Nutritional and Metabolic Diseases Risks

Two reviews have examined the nutritional effects of illicit
drugs, including marijuana. For the first review, the authors
examined several illicit drugs, including marijuana, and

determined that they affect food and liquid intake, can alter
taste perception and affect preferences, and affect body weight
[123]. Articles reviewed indicate that during the use of
marijuana, or during withdrawal, there can be major changes
in food selection and intake, including either weight gain or
loss. Besides marijuana, cocaine and nicotine were also targets
of this study. In a second review, the authors reviewed the role
of the CB1 and CB2 receptors and their action on nutritional/
energy balance [124]. In studies that the reviewers examined,
they found that overactivity of the cannabinoids may lead to
abdominal obesity, dyslipidemia, and hyperglycemia.
Furthermore, clinical trials using CB1 antagonists have shown
a decrease in food intake, decreased adipose cell volume, and
a return of more functional metabolic balance.

Conclusions

The use of illicit substances contributes to significant
morbidity and mortality worldwide, and substance use is a
leading cause of preventable death [125]. Substance use and
substance use disorders impart consequences to the mental,
physical, and environmental health of people. Like other
substances of abuse, exposure to inhaled marijuana has a
biological basis for causing physical health effects—
cannabinoid receptors are endogenous to the human body.
While a debate rages over the merits of medical or recreational
marijuana, the number of patients who use marijuana has
increased and will likely continue to increase. Therefore, it is
incumbent for healthcare providers to know the healthcare
effects of marijuana to anticipate physical health effects of
this exposure.

Advocacy, opinion, and politics may cloud perception of
the merits of marijuana’s legal use [126]. However, the peer-
reviewed literature is the most objective means to examine
purported and realized health effects of marijuana exposure. In
this review, we examined the recent (since 1998) literature
regarding associations of the health effects to marijuana
exposure. We found evidence that marijuana seems to have
physical health effects in humans aside from mental health,
behavioral, and societal morbidity, and there is a biological
basis for many of these effects. For example, marijuana use is
associated with diseases of the liver (particularly with co-
existing hepatitis C), lungs, heart, and vasculature. For
clinicians, knowing these associations will enhance their
ability to address these incident (or on-going) physical
illnesses that may occur secondary to marijuana use.

Certainly, more research regarding the direct physical
consequences of marijuana exposure is required. This research
may be difficult in the current political climate of the USA
[127]. We found much of the existing literature lacking good,
sound evidence. We concur with many of the authors that
there are significant problems with the evidence presented.
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This includes problems in the ability to quantify the marijuana
exposure and the route of exposure (assumed to be inhaled);
the reliability of self-report of marijuana and other drug use
(including fear of legal consequences of disclosure); self-
selection to participate in the studies; the lack of knowledge
of pre-disposition or existing medical conditions of
participants; confounding cigarette, nicotine, alcohol and
other drug use effects; and the influence of incident or existing
mental disorders on the exacerbation or incidence of physical
health conditions. Certainly, many of the studies were of small
sample size or were case reports, and we encountered too few
longitudinal and randomized controlled studies that have
enough power to make clear associations for medical harms
associated with marijuana use. Perhaps as more people are
exposed to marijuana, the health effects of its use will be
found in large cohort studies that are (or are not) intended to
examine health-related effects of the substance. Certainly,
these studies should assess for marijuana use.

This review has several limitations. We did not evaluate the
literature prior to 1998, although findings of the remote
literature seems to be concordant with our findings [14]. We
only examined the English literature found in MEDLINE and
PubMed in order to assess the “best” literature, and while we
did not rate the quality of the findings (or the journal), we
avoided information that was speculative. Certainly,
publication bias may have affected our ability to examine
research that was negative in any specific association. We
did not report here on the medical benefits of marijuana as
an anti-emetic or an analgesic, or other health benefits. As
mentioned above, we did not examine the associated risks of
drug administration, mental health, behavioral, or societal
consequences of marijuana use, as we concentrated on the
direct physical health effects of the substance. There is
substantial literature on these effects, and they should not be
discounted by the clinician [18].

Despite these limitations, this review should provide some
warning to the clinician of the evidence of health effects of
increasingly common recreational, medicinal, or illicit
marijuana use. As the biological and patho-physiological
understanding of endogenous cannabinoid systems are
elucidated, more presumptive disease associations can, and
should, be examined.
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