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Cannabis Smoking in 2015
A Concern for Lung Health?

Jason R. Biehl, MD, and Ellen L. Burnham, MD

Recent legislative successes allowing expanded access to recreational and medicinal cannabis
have been associated with its increased use by the public, despite continued debates regarding
its safety within the medical and scientific communities. Despite legislative changes, cannabis
is most commonly used by smoking, although alternatives to inhalation have also emerged.
Moreover, the composition of commercially available cannabis has dramatically changed in
recent years. Therefore, developing sound scientific information regarding its impact on lung
health is imperative, particularly because published data conducted prior to widespread
legalization are conflicting and inconclusive. In this commentary, we delineate major observa-
tions of epidemiologic investigations examining cannabis use and the potential associated
development of airways disease and lung cancer to highlight gaps in pulmonary knowledge.
Additionally, we review major histopathologic alterations related to smoked cannabis and define
specific areas in animal models and human clinical translational investigations that could ben-
efit from additional development. Given that cannabis has an ongoing classification as a
schedule I medication, federal funding to support investigations of modern cannabis use in terms
of medicinal efficacy and safety profile on lung health have been elusive. It is clear, however,
that the effects of inhaled cannabis on lung health remain uncertain and given increasing use
patterns, are worthy of further investigation.
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ABBREVIATIONS: CBD = cannabidiol; THC = A-9-tetrahydrocannabinol

Over the past decade, US cannabis legisla-
tion has changed dramatically at the state
level, enabling sales for medicinal and
recreational use. Although not necessarily
causal, paralleling these legislative changes,

monthly. Among these regular cannabis
users, 25% to 32% used cannabis daily, with
an average of 3.5 to 3.9 joints smoked per
day.'2 More worrisome, legalization of
medicinal marijuana has been associated
with both decreased risk perceptions and
increased use among Colorado youth com-
pared with 34 states without medicinal
laws.> Because smoking remains the most
prevalent route of cannabis consumption,*

per capita cannabis consumption has also
risen.’? In 2013, 650,000 Washington State
residents (9% of the population), and
393,000 Colorado residents (7.3% of the
population) reported using cannabis at least
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its increasingly widespread use and social acceptability
raise concerns regarding its future impact on lung health
in the United States.

In this commentary, we highlight limitations in under-
standing the effects of inhaled cannabis on lung health
based on epidemiologic investigations regarding the rela-
tionship of cannabis to airways diseases and lung cancer.
We also focus on areas in animal model and human clin-
ical and translational research where novel investigations
can broaden the scope of current research knowledge.

Biology of the Cannabis Plant

To understand the potential clinical impact of inhaled
cannabis use on lung health, it is important to appreciate
the plant’s complexity and mechanisms of action.’
Cannabis contains 483 unique compounds, including

66 cannabinoids. Ten subclasses of cannabinoids have
been characterized, including A-9-tetrahydrocannabinols
(THCs) and seven subclasses of cannabidiols (CBDs).6
THCs are the primary psychoactive substances, with
pharmacologic properties including euphoria and anal-
gesia. In contrast, CBDs possess anxiolytic properties that
counter effects of THC. Two cannabinoid receptors,
G-protein-coupled transmembrane proteins negatively
coupled to adenylyl cyclase termed CB1 and CB2, have
been identified in humans.” These receptors are activated
by both endogenous endocannabinoids (a family of locally
produced, phospholipid-derived substances®) and many
exogenous cannabinoids. CB1 receptors are predominantly
localized on neurons within the CNS where they mediate
the psychogenic effects of cannabis and are found in the
autonomic innervation of airway smooth muscle, whereas
CB2 receptors are primarily localized on immune cells.

Epidemiologic Investigations Related
to Cannabis and Lung Health

The focus of epidemiologic data published in the past
15 years has primarily been on understanding the rela-
tionship between cannabis use and airways diseases®!s
(Table 1). Smoking cannabis has been associated with
an increase in total lung capacity and FVC,%1013 potentially
resulting from deep-breathing maneuvers of users.>10
In the setting of heavy, prolonged cannabis use
(typically > 20 joint-years),>!>1315 a dose-response
association between development of airflow limitation
(either decreased FEV, or decreased FEV /FVC) has
also been reported, the latter possibly attributable to
increased FVC. Symptoms referable to chronic bronchi-
tis, including daily cough, phlegm production, and
wheeze, have been noted in cannabis smokers after less-
intense use.>!"1215 In terms of lung cancer, epidemiologic
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data suggesting an association between increased dura-
tion and quantity of cannabis exposure with higher odds
of lung malignancy development!¢'8 have not been con-
sistent' (Table 2). Together, these epidemiologic data
imply that modest consumption of cannabis may have

a minimal impact on lung health. Importantly, however,
these data were largely collected prior to recent legisla-
tive changes; therefore, the relatively small percentage
of heavy cannabis consumers surveyed may not reflect
emerging trends in cannabis use.

Inhaled Cannabis and Tobacco Smoking

Cannabis consumers in most epidemiologic studies and
users in general rarely consume only cannabis and no
tobacco, a fact that limits understanding cannabis-specific
effects on lung health. Moreover, in certain popula-
tions, cannabis often is smoked simultaneously with
tobacco. Reasons for this preference include the fact

that the combustion of both cannabis and tobacco together
increases the vaporization efficiency of THC per gram
of cannabis and may contribute to enhanced psycho-
genic effects compared with smoking cannabis alone.20
This suggests that concurrent use of tobacco and can-
nabis could compound effects on airways pathology, and
indeed, one study reported additive effects.!s Therefore,
accurate histories regarding both cannabis and tobacco
use along with additional information regarding methods
of use are important clinically and in scientific investiga-
tions. Routine spirometric monitoring of heavy or long-
term cannabis users also appears to be warranted given
the prevalence of airflow limitation among the heaviest
users!! and limited longitudinal data in heavy users.!3
Finally, as with tobacco use, cannabis use is more prevalent
in individuals who use and abuse other drugs, including
alcohol.?! Identification of cannabis use in clinical or
research settings should, therefore, prompt screening
for unhealthy use of other drugs and alcohol.

Alternative Devices to Inhale Cannabis

Epidemiologic studies have indicated that smoking
remains the exceedingly most common route of cannabis
use. The preference for smoking compared with oral or
topical use may result from superior bioavailability and
relatively quick onset of effects.”2 Numerous methods

to smoke cannabis currently exist (Fig 1); additionally,

a variety of mechanisms for noncombusted cannabis
inhalation have also increased in popularity, such as
vaporizer devices that aerosolize cannabinoids by heating
them to below burning temperature (Table 3). Vaporized
use of cannabis has received increased interest both in the
medical literature and by medicinal cannabis supporters
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INHALATION METHODS OF CANNABIS

i

dabbing

~
[ ]

blunt

hookah joint
Cannabis is rolled in paper
and smoked like a cigarette

pipe

in hopes to achieve the therapeutic benefits of cannabis
without the potentially adverse effects from by-products
of cannabis combustion. The use of portable, battery-
operated vaporization devices has also been increasing,
particularly among youth.? Clinicians caring for patients
reporting the use of vaporized or other noncombusted
cannabis products need to be aware that these devices
are touted as eliminating carcinogenic combustion prod-
ucts common to both smoked cannabis and tobacco
(eg, tar, acrolein). However, neither carcinogenic nor
other downstream effects of vaporized cannabis on air-
ways have been rigorously tested. Additionally, effects of
potentially increased THC delivery from vaporizers or
other devices on pulmonary immune function, particu-

Cannabis products are
chemically dissolved in vapors
ol flammabie solvenl, such as
butane or isopropyl alcohol,
which is then inhaled

Figure 1 - Although many methods
to inhale cannabis are well known,
in recent years some older methods
have gained increasing popularity
(eg, hookah), and a number of new
methods to inhale cannabis have
emerged (eg, dabbing). These methods
involve either inhaling combusted
product or inhaling vaporized, non-
combusted products (eg, G-pen).
Rationales for an individual choice
are highlighted in Table 3, along with
potential harms and disadvantages
associated with the method.

g-pen
Cannabis is concenfrated into
wax,oil or hash and vaporized
through an e-cigarette.

Cannabis product is it and
smoked in a glass pipe.

larly alveolar macrophage function, remain unknown.
Investigations outside the United States with commer-
cially available vaporization devices are presently estab-
lishing methods to test pharmacologic effects of vaporized
CBD and THC?; however, future investigations to delin-
eate safety of vaporization or other routes of use on
lung health in the United States will remain limited
given the schedule I controlled status of cannabis.

Lack of Objective Methods to Quantify
Cannabis Use

All epidemiologic studies mentioned quantitated can-
nabis use by self-report using validated surveys and,
therefore, are subject to recall bias. For occasional

TABLE 3 | Rationale and Disadvantages of Various Inhaled Cannabis Methods

Disadvantages

Mode of Inhaled Cannabis Advantages

Blunt Inexpensive, effects of given quantity
cannabis may be enhanced relative to
consumption by other methods

Bong Water can trap some of the more harmful
products of combustion

Dabbing Condensed product is easy to conceal,
potent psychogenic effects

G-pen More discreet, no smoke odor or visible
smoke, no products of combustion

Hookah Can smoke with multiple people, higher
volume of smoke, flavors available

Joint Small and convenient

Pipe Product can be inhaled directly, producing
more rapid psychogenic effects

Vaporizer No smoke odor, no products of combustion

Made from tobacco or cigar paper, smoke harsh
in quality, difficult to roll

Expensive, easily broken, not as portable

Burn injury common related to volatile agents
used to solubilize condensed cannabis products

Little regulation of ingredients, use rising among
youth

Product mixed with tobacco, combustion products
potentially more damaging to the lungs

Fragile, difficult to roll

Glass pipes can break, possible to inhale harmful
resin

Device relatively expensive, not portable, little
regulation of ingredients

See also Figure 1.
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cannabis users, such bias would not likely be problematic,
but in daily users, cognitive impairment from cannabis
has the potential to influence data accuracy. Addition-
ally, subject candor and accuracy may have suffered
from the illegal nature of cannabis during the time
when or in the place where data were collected. There-
fore, development of biomarkers enabling an accurate
assessment of current and past cannabis use are urgently
needed to objectively determine the dose of cannabis
that may compromise lung health. Assays of urine (less
commonly saliva or blood) are widely available and reli-
ably confirm cannabis exposure.?> However, their accu-
racy may be influenced by the time elapsed since last
cannabis use; furthermore, they do not provide a quanti-
tative estimate of use. Accurate quantitation can be per-
formed through liquid chromatography-tandem mass
spectrometry, although this method is cumbersome for
routine clinical applications.?® To address these limitations,
portable and sensitive real-time methods, including the
application of an electronic nose, are currently under-
going clinical testing to detect subtle body odors related
to metabolic changes on the human skin surface that
indicate cannabis consumption.?” Understanding the rela-
tionship of pulmonary pathophysiology and symptoms
to changes in biomarkers quantifying cannabis exposure
may help to establish a threshold for harmful cannabis
use and help to set policies regulating drug sales.

Needs in Future Research

Excellent reviews have been published describing the
respiratory tract effects of cannabis, including its influ-
ence on inflammation and immunity that may contrib-
ute to the development of airways disease or lung cancer.”2
Notable effects of smoked cannabis on airways include
enhanced mucous secretion, airway hyperemia, basal
and goblet cell hyperplasia, and squamous metaplasia.2*-3!
Additionally, impaired alveolar macrophage phagocy-
tosis and increased apoptosis have been consistently
demonstrated in long-term cannabis smokers (Fig 2).32%
Nevertheless, changes in the composition of cannabis for
purchase coupled with increasing consumption indicate
that further research is warranted. As cannabis sales
become increasingly commercialized, growers have
successfully manipulated cannabis plant characteris-
tics through methods such as indoor hydroponics
technologies® and alterations in electrical lighting power,”
resulting in the generation of cultivars with higher THC
and CBD content. As a result, the quantity of THC in
cannabis products has steadily increased from 3% in

the 1980s to 12% in 2012.383° Moreover, Internet sales

of seeds for high-THC cultivars have increased the

602 Commentary

reach of high-THC products,’ suggesting an unforeseen
impact on lung health.

Expanding Preclinical Investigations Using
Novel Technologies

Given the suppressive effect of THC on immune cell
function,”? investigations establishing the impact of
high-concentration THC products on lung health and
systemic immunity seem indicated and may be facili-
tated by developments in novel technologies and
thoughtful study design. Parenteral administration of
THC, a common research strategy in animal models,
has been associated with marked differences in pharma-
cokinetic clearance and physiologic effects as the same
dose of THC administered through inhalation. Because
animal studies with inhaled cannabis more accurately
reflect human use, investigations using experimental
vaporized cannabis may provide more relevant data and
are currently being testing in animals.* Future animal
investigations clarifying how both THC and non-THC
cannabinoids alter immune function will also be critical
to understanding the interplay between immune cell
function in the lung and other organs. To facilitate can-
nabis research of specific cannabinoids, the National
Institute on Drug Abuse contracts with academically
based cannabis growers whose produce may be used
with appropriate regulatory oversight in laboratory

and clinical research investigations.*! Cannabis pro-
duced through this mechanism includes both smoked
products and purified cannabinoids. Investigations
using specific cannabinoids in known quantities with
emerging technologies will be particularly crucial to
understanding the immunologic ramifications of can-
nabis use. Highlighting one recent example, chromatin
immunoprecipitation sequencing technology was used
to define the influence of cannabis on T-cell gene
expression and demonstrated that epigenetic regula-
tion involving histone modifications can modulate the
response in murine immune cells subjected to treatment
with THC.2

Moreover, independent of cannabinoid effects, clarifying
effects of combustion products related to smoking can-
nabis on airway epithelium deserves attention. Prior
investigations have reported that mainstream cannabis
smoke contains substantially higher quantities of
ammonia, hydrogen cyanide, nitric oxide, and nitrogen
oxides than comparable cigarette smoke,* implying a
more toxic effect from cannabis. Further support for
the harm of cannabis smoke comes from toxicogenomic
analyses comparing effects of cannabis and tobacco
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Figure 2 - A, B, Laboratory investi-
gations have historically ascribed a
number of effects associated with
habitual use of cannabis, particularly
when it is used daily or for many
years. A, Effects of inhaled cannabis
on the upper airway feature
increased mucous production and
impaired mucociliary clearance that
symptomatically correlate with
increased cough and phlegm pro-
duction reported by cannabis
smokers. 33! The presence of CB,
receptors on terminal axons that
innervate airways smooth muscle
are believed to be responsible for the
acute bronchodilatory effects associ-
ated with inhaled cannabis.?? Pre-
malignant lesions described with
cannabis use include squamous
metaplasia, an increased nuclear-to-
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smoke extract on toxicologic pathways in cultured pri-
mary lung cells. Cannabis smoke extract elicits pertur-
bations in oxidative stress, apoptosis, and inflammation
pathways more potently than tobacco smoke and in a
dose-dependent fashion.* Other investigations with
novel technologies have demonstrated a dose-dependent
formation of acetaldehyde-DNA adducts, potential car-
cinogens, associated with cannabis smoke exposure.*
Finally, neuroscientists have begun using proteomics
technologies evaluating brain tissue in the context of
illicit drug use to demonstrate that cannabis use is asso-
ciated with oxidative stress and alterations in signal
transduction.* However, use of proteomics and other
omics technologies to establish mechanistic effects of
cannabis on lung remain virtually unexplored.
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cytoplasmic ratio, increased Ki-67
antigen, and increased epidermal
growth factor receptor expression.??
B, In the alveoli, inhaled cannabis
has been associated with increased
numbers of alveolar macrophages.
Moreover, the normal function of
these cells may be impaired due to
cannabis-CB, receptor interactions,3
further contributing to symptoms of
chronic bronchitis reported by long-
term cannabis users. However, the
literature does not unequivocally
support an increased incidence of
pneumonia among long-term can-
nabis users. Airway lymphocytes
(not shown) also possess CB, recep-
tors, but cannabinoid receptors have
not been described on neutrophils.
CB = cannabinoid; NOS = nitric
oxide synthase.

Antigen
presentation

NOS production
+ bacterial killing

Type | cell
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Developmental Areas in Human Clinical
Translational Research

Translational investigations supporting pathologic
alterations in the lung related to cannabis smoking are
limited by small sample sizes and data collection under
restrictive cannabis legislation,*#’ calling into question
the accuracy of cannabis reporting in both subjects and
control subjects. Moreover, human investigations exam-
ining whether higher-concentration THC and CBD
products or noncombusted inhaled cannabis alterna-
tives influence lung pathology or systemic immunity

are virtually nonexistent in the medical literature.

An area particularly deserving of further research regard-
ing cannabis use is asthma. As with other epidemiologic
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investigations, associations between cannabis use
and asthma symptoms are equivocal. A substantial
number of people with asthma regularly use cannabis
(19.3% of current cannabis users in the study by
Kempker et al''). Interestingly, however, duration of
cannabis use has not been associated with an increased
odds for developing asthma.’ Moreover, both inhaled
and oral THC have been found to induce bronchodila-
tion in patients with asthma and healthy subjects, with
a systematic review of 12 studies suggesting an associa-
tion between short-term challenge cannabis exposure
and bronchodilation.* Until recently, however, mecha-
nisms underpinning the potential bronchodilatory
effects of cannabis were unknown. A translational inves-
tigation in 88 normal human bronchi demonstrated that
prejunctional CB1 receptors, when activated by either
natural (including THC) or synthetic cannabinoids,
mediated inhibition of electrical field stimulation-induced
cholinergic contraction of smooth muscle.?? This
observation raises the possibility of examining specific
cannabinoids in well-designed and controlled transla-
tional experiments for their efficacy as adjunctive bron-
chodilator agents in asthma and other reactive airway
conditions. However, given the similarities in toxic and
carcinogenic substances with smoked cigarettes, practi-
tioners should caution patients against using smoked
cannabis to treat asthma and be aware that although
noncombusted cannabis alternatives may prove to be
useful in asthma, the optimal routes and doses remain
to be determined.

Virtually all clinical studies examining cannabis use in
the context of airways disease have reported alterations
in spirometric parameters related to the use of smoked
cannabis as major outcome variables, although such
results may not fully characterize the underlying pathology
in this setting. Advances in radiologic imaging, including
quantitative airway imaging through CT scanning, have
emerged in recent years, enabling more-detailed charac-
terization of airways diseases, particularly COPD. These
techniques allow objective assessment of lung pathology
in correlation with subjective clinical symptoms, such as
dyspnea, along with lung physiologic data. To this end,
radiologic imaging data may complement spirometry in
delineating anatomic changes elicited by use of inhaled
cannabis products even before physiology is altered. To
date, only one study examining chest CT scans of can-
nabis users has been published’; it demonstrated associ-
ations between long-term cannabis smoking and an
increased percentage of low-density lung tissue, whereas
long-term tobacco smoking was associated with macro-
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scopic emphysema. Moreover, a dose-response relation-
ship between cannabis smoking and airflow obstruction,
impaired large airways function, and hyperinflation
was also present. Another investigation in a cohort of
947 subjects (49% with COPD) suggested that both

the quantity of emphysematous changes and the airway
wall thickness on chest CT scan correlate with mor-
tality.** Therefore, as imaging techniques are validated
for their utility in airways disease prognosis and the
number of cannabis smokers continues to climb,
investigations regarding the utility of quantitative chest
CT imaging may prove worthwhile in patients who
smoke cannabis.

Conclusions

Increasing prevalence of cannabis consumption in the
United States and continued predominant use through
an inhaled route suggest an immediate and far-reaching
impact on lung health. As the composition of and methods
to use cannabis expand, additional research capitalizing
on new technologies in cell lines and animal models
along with careful consideration addressing deficiencies
in prior human clinical investigations will be necessary
to establish the effects of cannabis on lung health. Clini-
cians should systematically and objectively address inhaled
cannabis use in their patients, thereby facilitating the
delivery of candid information regarding harm from
smoked products and the dearth of quality data regarding
newer formulations, particularly among regular users.
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