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Introduction

In November 2012, Colorado and Washington became the first
states to pass initiatives legalizing marijuana use. Since then, voters
in 8 states and the District of Columbia have passed similar legis-
lation, and Vermont recently announced plans to do so. It is likely
that this trend will continue because marijuana sales in legalizing
states have added significant revenue to their state economies. This
rapid expansion highlights the need for studies that measure health
effects of marijuana use in the population. Because this change is
relatively new, many clinicians are likely unaware of the potential
health effects of marijuana use and how increasing prevalence may
affect what they see in their asthma and allergy practices. We start
with a case that features serious complications of marijuana use
in asthma.

Clinical Vignette

M.P.D. is a 19-year-old male with a history of asthma since 1 year
of age, with uncontrolled disease since age 10 requiring multiple
hospitalizations and systemic steroid courses, approximately 2 to
3 times a year. The patient has a history of poor medication ad-
herence, often running out of controller medication (high-dose
inhaled corticosteroid and a long-acting -agonist). He has either
smoked marijuana through a bong or used marijuana edibles, several
times a week, primarily for relaxation, as he suffers from anxiety
symptoms. He denies smoking cigarettes. He lives in an apart-
ment unit with his girlfriend, who also smokes marijuana. Over a
weekend, M.P.D. was smoking marijuana daily, a few times a day.
That Sunday night, he suddenly started feeling poorly, with nasal
congestion, sore throat, productive cough, and subjective feeling of
fever. He also complained of chest pain and tightness with every
breath, unlike anything he had experienced in the past. He started
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using his albuterol rescue inhaler without much relief; hence, he
came to the urgent care at National Jewish Health. M.P.D.’s vital signs
were: blood pressure 114/63 mm Hg; heart rate 118/min; respira-
tion rate 20/min; and oxygen saturation 89% to 91%. On examination,
he was in mild respiratory distress and looked fatigued. He had pos-
terior pharyngeal wall erythema and erythematous, swollen inferior
turbinates. He did not have neck or chest wall crepitus, but had
tender cervical lymphadenopathy. Breath sounds were dimin-
ished with diffuse inspiratory and expiratory wheezing and a
prolonged expiratory phase, without crackles or retractions. Initial
spirometry showed forced vital capacity (FVC) 1.82 L (40% of pre-
dicted), forced expiratory volume in 1 second (FEV;) 0.63 L (19% of
predicted), and FEV,/FVC ratio 35, and his expiratory flow volume
loop was almost completely flattened. After 3 nebulized treat-
ments with combined albuterol sulfate/ipratropium bromide, FEV,
reversed only slightly. A portable chest radiograph showed no ev-
idence for pneumonia, but, due to limitations of respiratory motion,
an air leak could not be excluded. He underwent a noncontrast chest
computed tomography scan, which showed a pneumo-mediastinum,
neck and chest wall emphysema, diffuse bronchial wall thicken-
ing, air trapping, and near-complete right middle lobe atelectasis
(Fig 1). A complete blood count was notable for 91% neutrophils.
Sputum examination demonstrated 100% segmented neutrophils
with normal respiratory flora, and respiratory viral polymerase chain
reaction test was positive for rhinovirus. The patient was admit-
ted for 5 days on oxygen supplement, continuous albuterol nebulized
treatments for over 48 hours before weaning, and prednisone
therapy. Additional lung function tests and airway clearance inter-
ventions were held. Behavioral counseling was initiated. Four weeks
after discharge, his FEV; was back at 90% predicted and chest x-ray
film demonstrated resolution of pneumo-mediastinum and
atelectasis.

Prevalence of Marijuana Use

As part of the legislation that legalized marijuana use in January
2014, the Colorado Department of Health and Environment was
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Figure 1. (A) Chest computed tomography scan without contrast showing subcutaneous emphysema in the cervical area (indicated by green arrows), pneumo-
mediastinum (indicated by blue arrow), as well as atelectasis in the right middle lobe (yellow arrow). (B) Sagittal section demonstrating pneumo-mediastinum around the

esophagus and the aorta.

mandated to study the potential health effects of marijuana use.
Results of telephone surveys performed in 2014-2015 estimated
that 13% of Colorado adults used marijuana in the previous month
as compared with a reported national average of 8% use, with young
adults aged 18 to 25 reporting the highest usage at 26% (national
average 21%?). Concurrent with these high prevalence rates,
marijuana-related health effects in Colorado appear to be rising.
Among 18- to 25-year-olds, approximately 8% of hospitalizations
and 2% of emergency department visits had a marijuana-related
billing code (compared with 3% and <1%, respectively, before 2015).
Calls to the poison center for marijuana-related poisonings in chil-
dren have also increased.?> Some of these changes may reflect
increased awareness among physicians; however, overall, the trends
are concerning and suggest that marijuana use is becoming an in-
creasing public health hazard. In this Perspective, we describe some
of the potential health effects that allergists should be aware of.

Respiratory Health Effects

Based on Colorado data, much of the marijuana usage is smoking-
related (almost 80% of users report smoking, 31% vaping, and 33%
edible ingestion).! The available data regarding respiratory effects
are almost exclusively related to active smoking, but little is pres-
ently known about the effects of second- and third-hand marijuana
smoke exposure. Because 40%-50% of tetrahydrocannabinol (THC)
content in marijuana cigarettes is released as side stream smoke,*
the significant effects presumably can occur with passive expo-
sure as they do with second-hand exposure to tobacco smoke. In
this context, a reported 6% of pregnant mothers in Colorado re-
ported smoking marijuana within the previous month (compared
with the 3.9% national average®) and it is estimated that, in ap-
proximately 16,000 Colorado homes, children 1 to 14 years of age
are exposed to second-hand marijuana smoke or vapor.!

Intuitively, one should expect health effects from marijuana
smoke to be similar to the well-described effects of tobacco smoke.
With the exception of the active ingredients (cannabinoids for mar-
ijjuana, nicotine for tobacco smoke), studies have shown that the
pyrolization of both marijuana and tobacco results in smoke with
similar components.® Both tobacco and marijuana smoke contain
reactive oxygen species, and various polycyclic aromatic hydrocar-
bons, which are thought to play a role in worsening asthma from
tobacco smoke and other combustible products such as ambient air
pollution. On bronchoscopy, smokers of tobacco and marijuana dem-
onstrate similar immunologic and histopathologic changes in the

tracheobronchial tree, such as increased broncheolaveolar lavage
neutrophils and interleukin-8 levels, goblet cell hyperplasia, and
basement membrane thickening.”

Studies also suggest that marijuana smokers have respiratory
health effects similar to those of tobacco smokers. An analysis of
the National Health and Nutrition Examination Survey data in 6,728
adults found that individuals who smoked marijuana at least 1 once
per day within the previous month had an increased risk of per-
sistent respiratory symptoms, such as cough, phlegm, and wheezing,
with odds ratios very similar to those calculated for tobacco
smokers.® Such is the case with our patient, M.P.D., described in the
vignette, who has a history of chronic phlegm production. Unlike
tobacco, smoking marijuana was not associated with greater odds
of shortness of breath or pneumonia, or objective measures, such
as the physician’s respiratory findings and FEV,.° In addition, Hancox
et al'® demonstrated, in a cohort of 1,037 frequent (at least weekly)
marijuana smokers, that smoking cessation results in significant de-
creases in morning cough, sputum production, and wheeze, down
to similar levels as nonusers.

Robinson et al measured pre- and post-bronchodilator spirom-
etry and impulse oscillometry (IOS) in a cohort of 915 individuals
with and without asthma and found a significant association
between marijuana joints-years smoked, increased peripheral
airways resistance (R5-R20), and lung hyperinflation without change
in FEV;. In contrast, long-term tobacco use was associated with lower
FEV; but not with higher peripheral resistance measurements.!"

These studies demonstrate persistent respiratory symptoms as-
sociated with both tobacco and marijuana smoking, although the
primary disease location may differ (tobacco: central airways; mar-
ijuana: peripheral airways). Smoking marijuana increases
bronchodilation via the cannabinoid receptor 1 on bronchial smooth
muscle cells, likely by inhibition of cholinergic contraction.'? This
bronchodilator effect may facilitate deeper lung penetration for the
tar components in marijuana smoke compared with tobacco smoke.
Differences in smoking maneuvers, such as deep inspiration and Val-
salva maneuvers used to maximize systemic absorption, may also
contribute to greater penetration into the small airways with mar-
jjuana smoking. As such, clinicians should be aware that the chest
exam and FEV; measurements in patients with asthma who smoke
marijuana may not be sensitive indicators of risk, as much of the
disease is concentrated in the peripheral airways. Physicians should
consider supplementing regular lung function with I0S measure-
ments to assess the degree of airway disease in these patients.
Because there is some evidence that marijuana smokers develop
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precipitins to fungal elements that contaminate the plant, the po-
tential for small airway diseases other than asthma, such as
hypersensitivity pneumonitis, should be considered in smokers with
focal small airway dysfunction on 10S."

Immunoglobulin E-Mediated Effects of Marijuana

Besides the nonspecific health effects of tar components, mar-
ijjuana smoke also contains allergenic components. As such, clinicians
should consider specific immunoglobulin E (IgE)-mediated effects
in atopic patients who smoke marijuana and present with persis-
tent respiratory symptoms. These reactions predominantly occur
when Cannabis is consumed by smoking or vaporizing but can also
arise from passive second-hand exposure to Cannabis smoke, in-
direct cutaneous transmission, or inhalation of Cannabis sativa
pollen.'#1>

The primary allergenic component in marijuana is thought to
be Can s3, a nonspecific lipid transfer protein.'® Because nonspe-
cific lipid transfer proteins are ubiquitously present throughout the
plant and animal kingdoms, including fruits and vegetables, cross-
reactivity to Can s3 likely explains the unusually high variety of
allergies to fruits, vegetables, and nuts that has been described as
the Cannabis-plant food syndrome. Cannabis-sensitive patients fre-
quently demonstrate allergies to foods (banana, tomato, citrus, and
grapefruit) not associated with the typical Bet v1 oral allergen syn-
drome, and the severity of reactions in Cannabis-plant food syndrome
is greater than with classical oral allergen syndrome, perhaps because
Can s3 is resistant to gastric acid proteolysis. Interestingly, allergic
reactions to these plant foods are often triggered or exacerbated
by cofactors such as exercise or nonsteroidal anti-inflammatory
drugs, similar to what has been described for food-dependent
exercise-induced anaphylaxis.!” As such, clinicians should consid-
er marijuana sensitization not only in patients with asthma or allergic
reactions after exposure or ingestion, but also in patients with a
history of new allergic reactions related to multiple foods.

Measuring Exposure and Sensitization

A thorough history of marijuana exposure and its relationship
to allergic and respiratory symptoms should be elicited at every clinic
visit. If possible, use of a validated questionnaire, such as the 21-
item Marijuana Smoking History Questionnaire is preferred.'®
Objective screening can be performed for the metabolite of Can-
nabis, 11-nor-delta-9-THC-carboxylic acid, in urine by enzyme-
linked immunosorbent assay, with confirmation by gas
chromatography-mass spectrometry.* Unfortunately, there is cur-
rently no validated questionnaire for reporting passive exposure to
marijuana and clinicians should interpret a negative question-
naire with caution as children living with parents who deny tobacco
usage are often found to have objective measures of exposure. Ob-
jective measurements are therefore clearly needed to measure
exposure, although the sensitivity for detecting passive exposure
by measuring urinary 11-nor-delta-9-THC-carboxylic acid is pres-
ently unknown. Because gas chromatography-mass spectrometry
measurements are more sensitive and specific than enzyme-
linked immunosorbent assays, this measurement should be
considered as a first-line approach to assess for passive exposure
if suspicion for passive exposure is high and families deny usage.

Sensitization to Cannabis can be documented by prick-to-prick
or “puddle” using a broad variety of raw materials such as macer-
ated C sativa leaves, buds, and flower. As with any prick-to-prick
approaches, this method is nonstandardized, potentially resulting
in false-negative (if protein content is inadequate) or false-positive
(due to irritant reactions) results. Serum specific IgE antibodies to
industrial hemp can also be obtained from Thermo Fisher Scien-

tific (Uppsala, Sweden), but this assay has not yet been clinically
validated.

Further Thoughts on the Clinical Vignette

In addition to the long-term effects of marijuana use second-
ary to the irritating and inflammatory effects of the metabolites on
the airway, smoking marijuana also carries with it an acute, even
life-threatening risk of barotrauma and bullous lung disease, from
maneuvers users practice. These maneuvers include successive deep
inhalations followed by a prolonged Valsalva maneuver or a Muller
maneuver through a high resistance apparatus or against a closed
glottis. These maneuvers can create marked negative intratho-
racic pressure and transmural pressure gradient, which can induce
the air leak. Our case described earlier exemplifies this with a com-
plication of pneumo-mediastinum, but pneumothorax and epidural
pneumatosis have also been reported.’” Of note, M.P.D. did not
present with significant respiratory distress or crepitus, but a high
index of suspicion raised the issue an association between the finding
of an air leak and marijuana use.

Conclusion

Although the potential benefits of Cannabis are being researched
in many disease conditions, our perspective is that there may also
be public health hazards that need to be considered from both active
and passive exposure to Cannabis. Given the increased prevalence
of marijuana exposure, it is important that allergists and clinical
immunologists include exposure to recreational drugs in their eval-
uation of unusual presentations of allergic disease. Although
investigations into effects of Cannabis on asthma have begun, more
work is needed on its effects in other respiratory diseases, upper
airway conditions, and allergic skin diseases. It is important to note
that Cannabis is composed of many cannabinoids. THC is known as
the major constituent, which can induce alterations in cognitive dys-
function and behavior, but other components of Cannabis, such as
cannabidiol, may have potential beneficial medical uses.?° Due to
lot-to-lot variation in different preparations of Cannabis, its effects
may be unpredictable and objective testing is required to deter-
mine which component(s) of Cannabis are inducing the clinical effect
under evaluation. The mind-altering effects of Cannabis may also
affect medication adherence and perception of illness severity. As
such, we are only in the early stages of our understanding of the
potential harmful and beneficial effects of widespread use of
Cannabis.
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