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Abstract

Rationale: Given the inconclusive science on the long-term
effects of marijuana exposure on lung function, the increasing
tetrahydrocannabinol composition of marijuana over time, and the
increasinglegal accessibility of the substance, continued investigation
is needed.

Objectives: To determine the independent association between
recent and chronic marijuana smoke exposure with spirometric
parameters of lung function and symptoms of respiratory health in
a large cohort of U.S. adults.

Methods: Thisis a cross-sectional study of U.S. adults who participated
in the National Health and Nutrition Examination Survey cycles from
2007-2008 and 2009-2010, using the data from standardized spirometry
and survey questions performed during these years.

Measurements and Main Results: In the combined 2007-2010
cohort, 59.1% replied that they had used marijuana at least once, and

12.2% had used in the past month. For each additional day of marijuana
use in the prior month, there were no changes in percent predicted FEV
(0.002 £ 0.04%; P = 0.9), but there was an associated increase in percent

predicted FVC (0.13 = 0.03%, P = 0.0001) and decrease in the FEV/
FVC ratio (—0.1 = 0.04%; P < 0.0001). In multivariable regressions,
1-5 and 6-20 joint-years of marijuana use were not associated with an
FEV,/EVC less than 70% (odds ratio [OR] = 1.1, 95% confidence
interval [CI] = 0.7-1.6, P=0.8,and OR = 1.2,95% CI = 0.8-1.8,P = 0.4,
respectively), whereas over 20 joint-years was associated with an FEV/
FVC less than 70% (OR = 2.1; 95% CI = 1.1-3.9; P = 0.02). For each
additional marijuana joint-year smoked, there was no associated
change in the mean percent predicted FEV; (0.02 % 0.02%; P = 1.00),
an increase in percent predicted FVC (0.07 = 0.02%; P = 0.004), and
a decrease in FEV/FVC (—0.03 = 0.01%; P = 0.02).

Conclusions: In a large cross-section of U.S. adults, cumulative
lifetime marijuana use, up to 20 joint-years, is not associated with
adverse changes in spirometric measures of lung health. Although
greater than 20 joint-years of cumulative marijuana exposure was
associated with a twofold increased odds of a FEV;/FVC less than
70%, this was the result of an increase in FVC, rather than

a disproportional decrease in FEV, as is typically associated with
obstructive lung diseases.
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Marijuana is a commonly used substance
worldwide, with a United Nations

report estimating that 3.9% of the global
population uses the drug (1). There is

also a growing acceptance of its use, with

a recent poll finding that 54% of Americans
support the legalization of marijjuana,

up from 17% in 1991 (2). Furthermore,

a recent poll of medical professionals
revealed that 76% supported the use of
medical marijuana (3). U.S. states’ laws are
following this popular opinion, with two
states legalizing marijuana for adult use and
20 states legalizing its use for medicinal
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purposes (4). Given these changes, it is ever
more relevant for continued research into the
long-term health effects of marijuana use.
Although research on marijuana’s
effects on respiratory health has been
conducted since the 1970s, there is still
considerable uncertainty and controversy.
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Although marijuana and tobacco have
similar amounts of volatile and tar
components, their pulmonary effects

do not seem to be the same (5). Recent
comprehensive reviews have summarized
the findings to date: that marijuana
exposure has an immediate and modest
bronchodilator effect with a subsequent
increase in airway inflammation and
symptoms of chronic bronchitis, whereas the
studies of its long-term effects demonstrate
varying results that suggest either no effect
or some decrement in lung function (5, 6).
The acute bronchodilator effects appear to
be due to tetrahydrocannabinol (THC), also
the psychoactive ingredient in marijuana.
Studies varying the THC content in marijuana
cigarettes have demonstrated a dose-dependent
effect on humans, whereas rodent studies have
revealed that THC may inhibit acetylcholine
release by binding to cannabinoid receptors
on the axon terminals of respiratory nerves
(7-9). This is of potential import regarding
the respiratory effects of the drug, because

the THC content of marjjuana in the United
States has been increasing over the past several
decades, demonstrated at less than 2% in 1980,
4.6% in 1997, and 7.6% in 2006 (10, 11). This
changing composition and the yet-unclear,
long-term effects of marijuana on lung function
warrant continued research in the field.

The aim of the current study is to
examine the effects of current marijuana use
on acute respiratory symptoms and lung
function, and to determine the independent
relationship of cumulative marijuana smoke
exposure on spirometric measures of lung
function in a current and representative
U.S. sample. The last U.S. study to examine this
question used data from the National Health
and Nutrition Examination Survey
(NHANES) III representing a large U.S.
sample from 1988 to 1994 that responded
to basic questions on marijuana use in the prior
30 days and whether or not participants had
used more or less than 100 marijuana
cigarettes in their lifetime. In contrast, recent
iterations of the continuous NHANES from
2007 to 2010 have included detailed drug use
questionnaires that allow investigators to
calculate a more quantitative, cumulative
lifetime exposure represented in joint-years.

Methods

This is a cross-sectional study of the
NHANES cohort, combing survey years
2007-2008 and 2009-2010. It includes
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participants 18-59 years of age who
underwent a standardized questionnaire
regarding marijuana use and standardized
spirometry.

From the survey data, we quantified the
frequency of use in the past 30 days and the
cumulative, lifetime exposure. The latter is
measured in joint-years, with 1 joint-year
equivalent to smoking one joint or pipe bowl
of marijuana every day for 1 year. Of
note, for the cumulative effects of chronic
marijuana use, only the 2009-2010 data
were used, as this was the only available
survey cycle that included additional
questions to allow for an estimation of
each participant’s cumulative exposure.
The other covariates of interest included
tobacco exposure, age, race, sex, economic
status, and history of asthma, emphysema,
and chronic bronchitis. Race was
dichotomized to white and nonwhite from
the NHANES’ five-race classification.
Economic status was determined as the
poverty index ratio, which is a ratio of
family income to the national poverty
threshold.

For the primary spirometric outcomes,
the raw values of the FEV, and FVC were
used to derive the FEV,/FVC ratio, the
percent predicted FEV, and the percent
predicted FVC. We derived the latter
two variables using standard reference
equations that adjust for sex, age, height,
and race (12). The FEV,/FVC is presented
as a percent for consistency in presentation
with the other values. The FEV,/FVC
was also dichotomized at 70% for the
multivariable logistic regression.

Given that there is a certain amount of
nonresponse in any element of a national
health survey, sensitivity analyses examining
this were performed and are presented
in more detail in the online supplement
(13-15). In brief, there were differences in
demographic characteristics among those
with full data for every variable in the
multivariable regressions and those with
partial data. Given the low likelihood
that these differences would confound
a relationship between marijuana use
and lung function, and the fact that
our models control for many of these
identified characteristics, we believe that
these differences primarily affect the
generalizability of the population
estimates in the analysis, and were
unlikely to confound the studied
relationship between marijuana exposure
and lung function in those participants with

full data. Therefore, the original NHANES
weights were not adjusted for the above
differences.

Statistical Analysis
All statistical procedures were performed
with SAS 9.3 (SAS Institute, Cary, NC),
and statistical significance was set at P less
than 0.05. Linear and logistic regression
was used for all analyses of marijuana
exposure on respiratory health. For the
dichotomous variables of the respiratory
symptoms, an answer of “yes” was given
a value of 100, and an answer of “no” was
given a value of 0, with the corresponding
regression coefficient and confidence
interval representing the proportion
responding “yes.” This method was used
because this is the only SAS SURVEY
procedure that supplies confidence intervals
for a proportion estimate; however, it does
not allow for inference testing between
multiple groups. For analyses of spirometric
measures, we constructed the multivariable
linear and logistic regression models in
an a priori fashion, choosing covariates
thought to be important confounders or
to improve the precision of the estimates.
For readers who wish for more
detail, there is an expanded version of this
METHODS section on the online supplement.

Results

Participants
For the combined 2007-2008 and 2009-
2010 study group used to examine the
effects of current marijuana exposure on
respiratory symptoms and spirometry,
there were 7,716 NHANES participants
from ages 18 to 59 years who were eligible
for the marijuana portion of the survey,
and 5,657 (73.3%) with full data for all
covariates in the multivariable regression
models. For the 2009-2010 study group
used to examine the effects of cumulative
lifetime marijuana exposure on spirometry,
there were 4,355 NHANES participants
from ages 18 to 59 years who were eligible
for the marijuana portion of the survey,
and 2,956 (67.8%) with full data for all
covariates in the multivariable regression
model. Figures E1 and E2 in the online
supplement contain a breakdown of the
missing data in these cohorts.

In the overall 2007-2010 cohorts, 59.1%
of those responding to the questionnaire
replied that they had used marijuana or
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hashish at least once in their lifetime, and
12.2% were current users. Characteristics
of current marijuana smokers are compared
with current nonsmokers in Table 1. In
summary, current marijuana smokers were
more likely to be male, younger, of lower
socioeconomic and education levels, to
concurrently smoke tobacco, to have first
tried marijuana at an earlier age, and have
a history of a chronic respiratory illness.
Among current marijuana smokers, average
joint-years used was 15.8 and the average
number days out of the prior 30 days that
they had used marijuana was 12.0.

Effects of Current Marijuana Use on
Respiratory Health

Among participants who reported smoking
marijuana 0, 1-5, 6-20, or greater than 20

days out of the previous 30 days, there
were trends toward increases in reported
symptoms of bronchitis and respiratory
illness. Specifically, among these groups,
the proportions of each group reporting
that they had a cough, cold, phlegm, or
respiratory illness in the previous 7 days
were 16.9%, 22.4%, 26.1%, and 24.0%,
respectively. Those reporting having the
flu, pneumonia, or an ear infection in the
previous 30 days were 3.9%, 4.7%, 4.8%, and
5.1%, respectively. Finally, those reporting
having whistling or wheezing in their chest
during the past year were 12.4%, 19.8%,
23.3%, and 26.5%, respectively (Figure 1)
In multivariable regression controlling
for age, sex, race, tobacco use, and the
presence of asthma, emphysema, and
chronic bronchitis, frequency of recent

Table 1. Demographic, smoking, and respiratory history characteristics of adults ages
18-59 years of the 2007-2010 National Health and Nutrition Examination Survey
cohorts who acknowledge smoking marijuana in the previous 30 days

Variable

Female, %
Age, yr, %
20-29
30-39
40-49
50-59
Race, %
Non-Hispanic white
Non-Hispanic black
Mexican American
Other Hispanic
Other
Poverty-index ratio <1, %
Maximum education level, %
<Ninth grade
9-11th grade
High school
Some college or associate degree
College degree
Marijuana smoking characteristics, mean
Age when first tried, yr
Age when first regularly used, yr
Age at last regular use, yr
Joint-years used
No. of days used in the previous month
Tobacco smoking characteristics
Currently smoking tobacco, %
Age when first regularly used, mean, yr
Pack-years used, mean
Respiratory health history, %
Asthma
Chronic bronchitis
Emphysema

Current Smokers Current Nonsmokers

(n =8595) (n =5,868)
36.1 (1.5) 51.7 (0.7)
42.3 (2.1) 23.0 (0.9)
22.0 (1.3) 23.9 (0.8)
23.8 (1.6) 27.0 (0.8)
11.8 (1.4) 26.1 (1.0)
67.1 (2.8) 66.5 (2.6)
18.7 (2.1) 10.8 (1.0)
5.7 (1.2) 10.4 (1.5)
4.4 (1.0) 5.6 (1.0)
4.0 (0.7) 6.5 (0.7)
22.7 (1.7) 13.1 (0.9)
2.0 (0.5) 5.1 (0.5)
18.9 (1.8) 11.8 (0.7)
29.2 (2.1) 22.4 (1.0)
34.0 (2.3) 31.2(0.7)
15.9 (1.8) 29.5 (1.4)
15.7 (0.2) 17.3 (0.1)
17.5 (0.3) 17.4 (0.1)
NA 25.8 (0.6)
15.8 (1.2) 2.0 (0.2)
12.0 (0.5) NA
78.5 (2.3) 50.7 (1.9)
16.1 (0.2) 16.8 (0.1)
10.1(0.8) 4.4 (0.4)
19.3 (1.7) 13.7 (0.6)
6.3 (1.1) 4.3 (0.4)
1.7 (0.5) 0.9 (0.2)

Definition of abbreviation: NA = not applicable.

Estimates were derived accounting for National Health and Nutrition Examination Survey study design
and weights. Numbers in parentheses represent SEM and SE of percent, accordingly.
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marijuana use was associated with changes
in spirometric parameters (Table E4). For
each 1-day increase in the number of days
using marijuana in the previous 30 days,
there were no changes in percent predicted
FEV, (0.002 = 0.04%; P =0.9), but there
was an associated increase in percent
predicted FVC (0.13 * 0.03%; P =0.0001)
and decrease in the FEV,;/FVC ratio

(—0.1 = 0.04%; P < 0.0001).

Effects of Cumulative Lifetime
Marijuana Use on Spirometry
Table 2 presents a descriptive analysis
of associated changes in spirometry
by cumulative marijuana and tobacco
exposure. The multivariable logistic
regression analysis modeling for an
FEV,/FVC less than 70% and controlling
for age, sex, race, tobacco use, and the
presence of asthma, emphysema, and
chronic bronchitis is presented in Table 3.
When compared with no marijuana
exposure, greater than 20 joint-years of
cumulative marijuana use showed an
association with increased odds of a
FEV,/FVC less than 70% (odds ratio =2.1;
95% confidence interval = 1.1-3.9;
P =0.02). Lesser cumulative exposures to
marijuana smoke showed no associations
with a decreased FEV,/FVC ratio.
Looking at the components of the
FEV,/FVC, a graphical representation of
the changes in spirometric values of
lung function by cumulative marijuana
exposure is presented in Figure 2. In linear
regressions, each controlling for age,
sex, race, tobacco use, and the presence
of asthma, emphysema, and chronic
bronchitis, increasing cumulative marijuana
use showed no associated changes in
FEV,, with associated increases in FVC
and decreases in FEV/FVC (Table 4).
Specifically, for each additional marijuana
joint-year smoked, there was no change in
the mean percent predicted FEV; (0.02 =
0.02%, P = 0.4), an increase in mean percent
predicted FVC (0.07 = 0.02%, P =0.004),
and a decrease in mean FEV,/FVC
(—0.03 = 0.01%; P =0.02).

Discussion

This study is the largest cross-sectional
analysis examining the relationship between
marijuana use and spirometric parameters
of lung health to date. With the THC
content of marijuana increasing in recent

137



ORIGINAL RESEARCH

c
e 50
[%]
Q
=
> 404
o
s
-
8§ 80- T T
5= T I
2w
8o 207 T J_ l
= €L
(=2
2 104
(&)
£
=
B 0 T T T T
0 1-5 5-20 >20
Number of days in the past month smoked marijuana
B 20
15

Past Month
o
1

. |

]

% With Flu, Pneumonia or Ear Infection in

-
o T T T T
0 1-5 5-20 >20
Number of days in the past month smoked marijuana
C < 50

@

[0]

=

o

) 40 +

£

k)

(=]

£ § 30 T

> 1

2]

%ﬁ 20 - T J_ l

5 J_

9] T

S 10- =

£

=

°\° 0 T T T T
0 1-5 5-20 >20

Number of days in the past month smoked marijuana

Figure 1. Frequency of recent respiratory symptoms by frequency of current marijuana use in the
previous 30 days in the National Health and Nutrition Examination Survey 2007-2010 cohorts. Among
participants who reported smoking marijuana 0, 1-5, 6-20, or greater than 20 days out of the previous 30
days, the proportions of each group reporting that they had a (A) cough, cold, phlegm, or respiratory
iiness in the previous 7 days were 16.9% (95% confidence interval [Cl] = 15.2-18.7), 22.4% (95%
Cl=16.9-27.8), 26.1% (95% Cl=20.1-32.1), and 24.0% (95% Cl =17.4-30.6); (B) those reporting
having the flu, pneumonia, or an ear infection in the previous 30 days were 3.9% (95% Cl =3.2-4.6),
4.7% (95% Cl =1.8-7.6), 4.8% (95% Cl =1.7-8.0), and 5.1% (95% Cl = 1.6-8.5); and (C) those reporting
having whistling or wheezing in their chest during the previous year were 12.4% (95% Cl=11.0-13.7),
19.8% (95% Cl=15.9-23.7), 23.3% (95% Cl=17.7-29.0), and 26.5% (95% Cl =19.0-34.0).

decades, it provides a relevant 20-year
update on a similar study performed on the
NHANES III cohort from 1988 to 1994.
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Furthermore, the more recent iterations of
the NHANES have added new, more
detailed questions regarding marijuana use,

allowing us to more precisely quantitate
cumulative lifetime marijuana exposure by
way of joint-years, with 1 joint-year equal to
smoking one joint daily for a year. Using
these data, we asked the question “What are
the effects of recent and cumulative lifetime
marijuana use and respiratory symptoms
and spirometric measures of lung health™?
The study first shows that this is an
important topic, as marijuana use is
common among U.S. adults, with 59.1%
reporting using marijuana in their lifetime
and 12.2% reporting current use of
marijuana in the previous 30 days. The
study then demonstrates that current
smokers are more likely to report recent
symptoms of respiratory illness, but have
little clinically significant associated
changes in spirometry. Furthermore, it
demonstrates that moderate cumulative
lifetime marijuana use, up to 20 joint-years,
is not associated with deleterious changes
in spirometric measures of lung health.
Although greater than 20 joint-years

of cumulative marijuana exposure was
associated with a twofold-increased odds of
an FEV,/FVC less than 70%, this was the
result of an increase in FVC, rather than

a disproportional decrease in FEV, as is
typically associated with obstructive lung
diseases.

Our findings regarding the respiratory
symptoms of habitual marijuana smokers
corroborate the existing evidence. Many
studies have demonstrated that habitual
marijuana smoke increases symptoms of
bronchitis, and our data similarly show an
increase in recent self-reported respiratory
illness, with trends toward increases in
self-reported respiratory infections and
symptoms of wheezing (5). Supporting
these clinical findings, several studies of
the respiratory epithelium of conducting
airways and bronchoalveolar lavage fluid of
habitual marijuana smokers have shown
an increase macro- and microscopic signs
of inflammation (16-21). Furthermore,
studies have shown that marijuana smoke
is associated with a decrease in airway
conductance, consistent with large airway
edema seen endoscopically (22-24). Despite
this characterization of marijuana smoke
as a large airway irritant, our data did
not show an association between increasing
exposure in the prior month and
deleterious change in spirometric values
of small airways disease. Rather, for each
additional day of marijuana smoked in the
previous month, there was no associated
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Table 2. Spirometric measures by cumulative marijuana and tobacco exposures in the
2009-2010 National Health and Nutrition Examination Survey cohort (n =2,956)

Marijuana Joint-Years

Tobacco Pack-Years

0
0
Mean % predicted FEV, = SE  97.7 = 0.5
Mean % predicted FVC = SE  98.9 = 0.6
Mean % FEV4/FVC = SE 80.6 = 3.4
% with FEV{/FVC <70% =SE 55+ 1.1
1-5
Mean % predicted FEV; = SE  96.3 = 0.9
Mean % predicted FVC = SE  99.3 = 0.7
Mean % FEV,4/FVC = SE 79557
% with FEV4/FVC <70% = SE 12.2 = 3.0
5-20
Mean % predicted FEV,; = SE  94.8 + 0.8
Mean % predicted FVC = SE  97.5+0.9
Mean % FEV4/FVC = SE 78.4+4.8
% with FEV4/FVC <70% + SE 10.9*+2.2
>20
Mean % predicted FEV,; = SE 87.5+ 1.3
Mean % predicted FVC £ SE 93.4*=1.5
Mean % FEV,/FVC = SE 73.6 £57
% with FEV{/FVC <70% = SE 26.8 =4.5

1-5 5-20 >20
97.1 =141 93.7*+2.6 93.8 = 3.1
100.2 1.3 96.9=*1.8 96.5*+2.0
79.5+55 774165 77.5*16.8
8.0x3.7 10789 25.1+103
96.4 1.2 97113 95.3*1.3
984 1.1 101.7 1.2 98.6 = 0.8
80.3 £9.9 79.7 £8.2 794 =113
79+37 50x1.7 9.0£3.3
95.3x2.6 95.6+25 97.0x1.9
100.0=1.8 101.9+23 101.5*x1.6
77.2=109 76.3 £9.8 77.9*14.6
124+45 189+27 14854
93.0 1.7 90925 91324
999 1.7 96.3+2.4 100.8 =3.1
73.6*7.0 741104 714=x95
25.7*x7.6 2712=x75 39.6 7.3

change in FEV;, with a 0.13% increase in
predicted FVC.

Our data regarding the cumulative
effects of marijuana on lung function are
also consistent with existing clinical
literature. A large cross-sectional study from
New Zealand demonstrated that marijuana
smokers had a higher proportion of
participants with an FEV/FVC less than
80% when compared with nonsmokers
(25). In the study examining the NHANES
III cohort, although marijuana smokers
did not have an independent association
with an FEV/FVC less than 70% after
controlling for asthma and tobacco use, this
may have been confounded by the fact that
marijuana use was categorized as having
smoked more or less than 100 joints in
a lifetime (26). Corroborating our lack of
association with an FEV decline, in a study
of nearly 400 Californians followed with
serial spirometry, marijuana smokers did
not show significant declines in FEV, (27).
Similarly, in a longitudinal cohort of over
1,000 young adults in New Zealand,
cumulative exposure to marijuana smoke
among nontobacco smokers was associated
with increases in total lung capacity, but no
changes in measurements of airflow (22). In
the 779 with baseline spirometry in this
study, cumulative marijuana exposure
increased FVC, but had no effects on FEV,
or FEV1/FVC ratio when adjusting for
tobacco exposure (22). Finally, a more

recent analysis of a longitudinal cohort
from four large U.S. metropolitan areas
from 1984 to 2006 revealed that FEV, and
FVC, unadjusted for age, showed increases
at low doses of chronic marijuana exposure
that then trended downward for moderate
and heavy smokers (28).

Although moderate use of marijuana
seems to be associated with little effect on
spirometry, the question still remains as
to whether the decreased FEV,/FVC with
heavier marijuana exposure represents

airflow obstruction. On the one hand, the
spirometric pattern that emerges from

our study, one of a preserved FEV; with

a diminished FEV,/FVC, has been
associated with early airflow obstruction
(29, 30). Furthermore, the relatively smaller
effect compared with tobacco may be an
artifact of the units of measure for these
two exposures. Specifically, the tobacco
pack-year represents a significantly larger
amount of smoke exposure than the joint-
year, given that there are 20 tobacco
cigarettes in a pack. However, the pattern of
marijuana’s effects seems to be distinctly
different when compared with that of
tobacco. With marijuana, the decreased
FEV,/FVC seems to be driven by the
increasing FVC, whereas, for tobacco, it
seems to be driven by the relatively larger
decrease in FEV; compared with FVC.
Furthermore, close inspection of Table 2
suggests that, among tobacco smokers with
greater than 20 pack-years, increasing
cumulative exposure to marijuana seems to
have a protective effect on FEVy, and,
likewise among marijuana smokers with
over 20 joint-years, the deleterious effects of
increasing tobacco exposure on FEV, seems
to be diminished.

Overall, the data suggest that the
decrease in FEV/FVC seen in heavy
marijuana smokers is distinctly different
than that of heavy tobacco smokers, and
may not necessarily represent obstructive
lung disease. Although one may speculate
that the preservation of FEV; may be due to
the aforementioned bronchodilator

Table 3. Results from logistic regression modeling for an FEV1/FVC less than 70% for
the 2009-2010 National Health and Nutrition Examination Survey cohort (n =2,956)

Variable OR (95% CI) P Value
Joint-years

>20 2.1 (1.1-3.9) 0.02

5-20 1.2 (0.8-1.8) 0.4

1-5 1.1 (0.7-1.6) 0.8

0 Reference NA
Tobacco pack-years

>20 2.9 (1.9-4.3) <0.0001

5-20 1.8 (1.3-2.7) 0.001

1-5 1.9 (1.1-3.4) 0.02

0 Reference NA
Female 0.7 (0.5-1.0) 0.07
Increasing age, yr 1.1 (1.0-1.1) <0.0001
White race 1.5 (1.0-2.3) 0.04
History of asthma 3.6 (2.5-5.3) <0.0001
History of chronic bronchitis 0.5 (0.2-1.2) 0.1
History of emphysema 2.9 (0.7- 11 .3) 0.1
Definition of abbreviations: Cl = confidence interval; NA = not applicable; OR = odds ratio.
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Figure 2. Change in spirometric values by cumulative lifetime marijuana use among adult
participants in the 2009-2010 National Health and Nutrition Examination Survey. Among
participants reporting a joint-year usage of 0, 1-5, 6-20, or greater than 20 years, mean
percent predicted FEV;s were 96.8% (95% confidence interval [Cl] = 95.9-97.7), 95.4%

(95% Cl=93.5-97.2), 94.7% (95% Cl =93.0-96.4), and 95.2% (95% Cl =92.3-98.0),
respectively. Among these same groups, mean percent predicted FVCs were 98.7% (95%
Cl=97.6-99.7), 99.2% (95% Cl =97.9-100.4), 99.8% (95% Cl =98.3-101.4), and 100.3%
(95% CI=98.8-101.8), respectively. Of these groups, mean FEV,/FVC ratios were 0.80
(95% Cl=0.79-0.81), 0.78 (95% Cl=0.77-0.80), 0.77 (95% Cl=0.76-0.78), and 0.77

(95% CI=0.75-0.79), respectively.

properties of THC, data from studies on the
long-term use of bronchodilators has not
shown that they alter airway remodeling
(31, 32). Another hypothesis may be the
fact that marijuana smoke does not seem
to induce the same level of oxidant stress
in the small airways as tobacco smoke,

a mechanism postulated as a causative
factor in the development of chronic
obstructive pulmonary disease (5, 33).
Furthermore, the increase in FVC may be
due to the deep inhalation technique of
marijuana smoking (5, 34). With one study
showing that marijuana smokers inhale
greater puff volumes and have longer

smoke retention times than tobacco
smokers, it is possible that this habitual
inhalational exercising of the respiratory
muscles could increase FVC over time (34).
This is further supported by the New
Zealand cohort study, showing an increase
in 25 ml of total lung capacity for each
additional marijuana joint-year smoked
(22).

In summary, this study adds to the
literature on the effects of the marijuana
on lung function in that it uses spirometric
outcomes adjusted for age, uses a more
precise estimation of cumulative marijuana
exposure, and allows for more direct

comparison to the effects of tobacco. The
surveys and spirometry were conducted

in a systematic and validated fashion by
the NHANES, limiting data variability.
Furthermore, the extensive information
gathered in the surveys allowed for
controlling of important variables. Despite
these strengths, the study has several
limitations given its cross-sectional design.
As with many elements of a NHANES
survey, there is a fair amount of missing data
(13-15). Given that the original NHANES
survey weights do not account for
nonresponse to each questionnaire item,
this may limit the generalizability of the
estimates to the overall U.S. adult
population, but are unlikely to add
additional confounding to the studied
relationships between marijuana use and
lung function. Furthermore, as with any
survey, there may be recall bias in the
reporting of marijuana usage, impairing the
precision of smoke exposure. There may
also be a healthy survivor effect in that
those participants who were eligible for
the spirometric exam had to be alive and
not using long-term oxygen, potentially
overrepresenting those individuals who are
not as affected by chronic smoke exposure.
Finally, given the cross-sectional design, the
study can only describe the association of
lung function and chronic exposure, and
not measure the longitudinal effect of that
exposure in individuals over time. These
limitations would tend to bias the result
toward a null value.

In conclusion, in a large representative
sample of U.S. adults, ongoing use of
marijuana is associated with increased
respiratory symptoms of bronchitis without
a significant functional abnormality in
spirometry, and cumulative marijuana
use under 20 joint-years is not associated

Table 4. Full results of three linear regression models for spirometric outcomes in the 2009-2010 National Health and Nutrition

Examination Survey cohort (n = 2,956)

Variable Change in % P Value Change in %
Predicted FEV; Predicted FVC
One additional joint-year 0.02 = 0.02 0.4 0.07 = 0.02
One additional tobacco pack-year —-0.13 £ 0.02 <0.0001 —0.04 = 0.08
Increasing age, yr —0.09 = 0.002 0.001 —-0.11 =£0.02
White race 1.12 £ 0.66 0.1 1.8+0.7
Female 1.80+04 0.001 2.69 = 0.53
History of asthma -53+1.11 0.0002 —-2.19 = 1.06
History of chronic bronchitis -32+1.65 0.07 —-3.25 = 1.56
History of emphysema —8.67 = 6.91 0.2 —1.86 =5.13

P Value Change in % P Value
FEV,/FVC

0.004 —0.03 = 0.01 0.02
0.2 —0.1 = 0.01 <0.0001

<0.0001 —0.2 +0.02 <0.0001
0.02 -1.7+0.3 <0.0001
0.0001 1.5+0.3 0.0002
0.06 -3.0+0.3 <0.0001
0.05 -0.3+0.6 0.6
0.7 —-6.5+2.9 0.04
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with significant effects on lung function.
With current marijuana smokers reporting
a mean joint-year exposure of 15.8 joint-
years, these data have important public
health implications. With the shifting
political climate in the United States,

these are important public health concerns
that necessitate further inquiry into this
growing field. Future research directions
may potentially target study populations in
those states in the United States where
marijuana is now legally consumed, and it

will now be more feasible to longitudinally
follow users’ consumption patterns,
pulmonary function, and symptoms. M

Author disclosures are available with the text
of this article at www.atsjournals.org.
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