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Forty healthy young subjects, ages 20 to 49 yr, underwent videobronchoscopy, mucosal biopsy, and
bronchial lavage to evaluate the airway inflammation produced by habitual smoking of marijuana
and/or tobacco. Videotapes were graded in a blinded manner for central airway erythema, edema,
and airway secretions using a modified visual bronchitis index. The bronchitis index scores were sig-
nificantly higher in marijuana smokers (MS), tobacco smokers (TS), and in combined marijuana/to-
bacco smokers (MTS), than in nonsmokers (NS). As a pathologic correlate, mucosal biopsies were
evaluated for the presence of vascular hyperplasia, submucosal edema, inflammatory cell infiltrates,
and goblet cell hyperplasia. Biopsies were positive for two of these criteria in 97% of all smokers and
for three criteria in 72%. By contrast, none of the biopsies from NS exhibited greater than one posi-
tive finding. Finally, as a measure of distal airway inflammation, neutrophil counts and interleukin-8
(IL-8) concentrations were determined in bronchial lavage fluid. The percentage of neutrophils corre-
lated with IL-8 levels and exceeded 20% in 0 of 10 NS, 1 of 9 MS, 2 of 9 TS, and 5 of 10 MTS. We con-
clude that regular smoking of marijuana by young adults is associated with significant airway inflam-
mation that is similar in frequency, type, and magnitude to that observed in the lungs of tobacco
smokers. 
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Tobacco and marijuana are the two most commonly smoked
substances in our society, and the use of marijuana by younger
individuals has increased significantly in recent years (1, 2). In
1993, 13% of high school students and college-age adults (16%
of young males) reported active marijuana use and 2.5% (3.5%
of males) admitted to daily use. In the same surveys, 21% of
these young adults also admitted to daily tobacco smoking. Par-
alleling this rising trend in smoking among young persons is
the increasing perception that smoking is not harmful. In 1993,
fewer young adults perceived regular smoking of marijuana to
be harmful than at any time since 1987 (2). Similarly, despite
significant adverse publicity, 30% of high school seniors did not
consider tobacco smoking as a serious health risk (2). This lat-
ter attitude may reflect a perception that the consequences of
smoking (cardiovascular disease, emphysema, chronic bronchi-
tis, and cancer) only affect the elderly.

We previously reported that while 20 to 26% of young
smokers of marijuana and/or tobacco have some symptoms of
chronic bronchitis (3), as many as 80% have evidence of cellu-
lar atypia and mucosal metaplasia when their major bronchi

are biopsied and analyzed (4–6). These observations suggest
that even “asymptomatic” smoking is associated with signifi-
cant mucosal damage. To further address the early effects of
marijuana and tobacco smoking on the lung, we performed
bronchoscopy on a small cohort of nonsmokers (NS) and rela-
tively asymptomatic young smokers of marijuana alone (MS),
tobacco alone (TS), or both marijuana and tobacco (MTS).
We adapted the visual bronchitis index developed by Thomp-
son and associates (7, 8) as a semiquantitative tool to deter-
mine the presence and extent of airway erythema, edema, and
hypersecretion. We also performed endobronchial biopsies on
the same subjects in order to correlate our visual observations
with histopathologic evidence of airway inflammation. Finally,
bronchial lavage was performed to evaluate the distal airways
for evidence of neutrophilia and/or elevations in interleukin-8
(IL-8). Our findings indicate that endobronchial inflammation
occurs in a large proportion of young marijuana and/or to-
bacco smokers. These inflammatory changes may be extensive
and occur even in the absence of any symptoms or abnormali-
ties on routine spirometry. A greater awareness of the injuri-
ous effects of smoking in young individuals is needed and
could be an important tool in stemming the tide of increased
use of marijuana and tobacco.

 

METHODS

 

Subjects

 

Endobronchial inflammation was evaluated in four groups of healthy
volunteers who were part of ongoing studies to evaluate the effects of
inhaled substance abuse on the lung: 10 NS, 10 MS, 10 TS, and 10
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MTS. Subjects all resided within the Los Angeles metropolitan area
and were recruited by both personal referral and media advertise-
ments as previously described (3, 9). Their candidacy and smoking
status were confirmed by detailed questionnaire at the time of entry
into the study and again at the time of bronchoscopy. Inclusion crite-
ria included an age between 21 and 50 yr and an appropriate smoking
status. Nonsmokers had never smoked marijuana or tobacco regularly
and had no smoking exposure in the preceding 5 yr. Marijuana smok-
ers had a minimum history of 2 joint-years, were currently smoking a
minimum of 5 joints/week, never routinely smoked tobacco (except
for one subject who stopped smoking tobacco in 1980), and had no to-
bacco exposure within the past 2 yr. Tobacco smokers had a minimum
history of 5 pack-years, were currently smoking at least a half pack/
day for the last 1 yr, had no history of regular marijuana use (except
for one subject who stopped smoking marijuana in 1975) and no mari-
juana exposure within the last 6 mo prior to study. Combined mari-
juana and tobacco smokers met the minimum criteria for both sub-
stances. Exclusion criteria included: upper respiratory tract infection
in the 4 wk preceding bronchoscopy, use of any other illicit substances
in the past 6 mo (phencyclidine, freebase cocaine, any intravenous
drug), use of any prescription medication, or history of chronic bron-
chitis, emphysema, asthma, sinusitis, or any significant coexisting car-
diopulmonary condition. All subjects completed a screening physical
examination, demonstrated normal findings on a 12-lead electrocar-
diogram, were HIV-negative by serology, and had normal coagulation
as measured by platelet count, prothrombin time, and partial throm-
boplastin time.

 

Spirometry

 

All subjects underwent spirometry with determination of FVC, FEV

 

1

 

,
and FEF

 

25–75%

 

 according to standard American Thoracic Society crite-
ria (10). Percent predicted values were calculated using the equations
of Morris and coworkers (11).

 

Bronchoscopy

 

Written informed consent was obtained from all subjects in accor-
dance with requirements established by the University of California,
Los Angeles (UCLA) Human Subject Protection Committee. All
bronchoscopies were performed in the outpatient bronchoscopy suite
of the UCLA Medical Center. In preparation for the study, an intra-
venous catheter was inserted, the subjects were premedicated with 0.5
mg of intravenous atropine, and the upper airway was anesthetized
with nebulized 4% lidocaine and topical 20% benzocaine spray. All
subjects were sedated with intravenous midazolam (in increments of
0.5 mg) and meperidine (in 25-mg increments) to achieve conscious
sedation according to established UCLA guidelines. An Olympus
20D bronchoscope (Olympus Corporation of America, Hyde Park,

NY) attached to a LIFE videorecording system (Xillix Technologies
Corp., Richmond, British Columbia) was used for all procedures, and
the sessions were recorded on superVHS videotape (12, 13). The im-
aging system was color-calibrated before each procedure. The broncho-
scope was introduced transorally, and the vocal cords, trachea, carina,
right and left mainstem bronchi, lobar bronchi and their immediate
branches (up to the third order) were inspected in a methodical man-
ner. In order to reduce coughing and mucosal trauma, 2-ml aliquots of
2% lidocaine were applied locally before entering each major bron-
chial subdivision. Bronchial lavages were performed by wedging the
tip of the bronchoscope into first the medial, and then the lateral, sub-
segment of the right middle lobe (RML), instilling 20 ml of room tem-
perature normal saline into each segment, and then manually aspirat-
ing with a syringe. Endobronchial biopsies were taken at five different
carinae using a 5-French cupped biopsy forceps (Mill-Rose Laborato-
ries, Inc., Mentor, OH): medial–basal segment of the right lower lobe
(RLL); right upper lobe (RUL); anterior–basal segment of the left
lower lobe (LLL); bifurcation between the left upper lobe (LUL) and
lingula; and the main carina (Figure 1). Biopsy specimens were imme-
diately placed in either 10% formalin or 95% alcohol fixative.

 

Visual Bronchitis Index

 

The video recordings from all bronchoscopies were reviewed at the
completion of the study by an experienced bronchoscopist (MDR)
who was blinded with respect to the identity and smoking status of the
subjects. This strategy was designed to eliminate the interobserver
and temporal variabilities that occur when different bronchoscopists
score the airways at the time of each individual study. The central air-
ways were evaluated according to a modified visual bronchitis index
(BI) (7, 8) in order to determine the presence and degree of mucosal
erythema, edema, and secretions. Each parameter was scored on a
scale of 0 to 3 as defined in Figure 1. Results were recorded as the
worst abnormality observed within each of three tracheobronchial
zones as shown in Figure 1, upper zone (distal trachea, proximal main-
stem bronchi, and RUL), middle zone (bronchus intermedius, distal
left mainstem, and LUL/lingula) and lower zone (RLL and LLL). The
total score for each parameter was the sum of scores from each of
these three zones (maximum score of 9 points). The cumulative BI for
each subject was determined by adding the total scores for all three
parameters (maximum score of 27 points). Mucosal friability, a crite-
rion included in the BI described by Thompson and associates (7), was
not included in this study.

 

Histopathology

 

Bronchial biopsies were paraffin-imbedded, oriented with the help of
a dissecting microscope, and processed for routine light microscopy.
Alcian blue staining was performed in addition to routine hematoxy-

Figure 1. The bronchitis index. The tracheobronchial tree was divided into three zones: upper (distal tra-
chea, right and proximal left mainstreams, and RUL); middle (bronchus intermediums, RML, distal left
mainstem, lingula, and LUL); and lower (RLL and LLL). Each zone was evaluated for the presence and de-
gree of erythema, edema, and secretions using the 0 to 31 scale as shown. Endobronchial biopsies were
obtained at five different sites (open circles).
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lin–eosin in order to better delineate the extracellular matrix of the
submucosa. Biopsies for each subject were scored in a blinded manner
by a lung pathologist (SHB) for the presence (in any section) and se-
verity of four criteria: vascular hyperplasia as a correlate of mucosal
erythema; submucosal edema and inflammatory cell infiltration as
two correlates of airway edema; and goblet cell hyperplasia as a corre-
late of increased airway secretions. Vascular hyperplasia was measured
semiquantitatively on a scale of 0 to 2

 

1

 

, with 0 representing a normal
mucosa with scant capillaries; 1

 

1

 

 representing a moderate increase in
submucosal capillaries; and 2

 

1

 

 representing a marked proliferation of
capillaries throughout the submucosa with associated vascular ectasia.
Submucosal edema was also evaluated semiquantitatively on a 0 to
2

 

1

 

 scale by observing the degree of separation between collagen fi-
bers on sections stained with Alcian blue. Specimens with a normal
submucosa were scored as 0; biopsies demonstrating focal deposits of
edema were scored as 1

 

1

 

; and samples with large pools of submucosal
fluid that completely disrupted collagen structures were scored as 2

 

1

 

.
Submucosal infiltrates were identified by the presence of nests of in-
flammatory cells in the subepithelium. Goblet cells are normally present
on bronchial biopsies but are interspersed among reserve cells and cil-
iated columnar cells, and usually represent less than 25% of the epi-
thelial surface layer. Goblet cell hyperplasia was defined as an overall
increase in goblet cell number and density. The increase could mani-
fest itself as either lateral spread across a field, or as a vertical prolifer-
ation of goblet cells layered on top of each other.

 

Bronchial Lavage Analysis

 

Lavage samples from the two segments were passed through a 100-

 

m

 

m sterile nylon filter (Becton Dickinson, San Jose, CA) to remove
mucus and particulates, pooled, and centrifuged at 200 

 

3

 

 

 

g

 

 for 8 min
at 4

 

8

 

 C. Supernatants were collected and immediately stored at 

 

2

 

80

 

8

 

 C.
Cell pellets were washed in RPMI-1640 culture media (Bio-Whittaker;
Walkersville, MD) and cytocentrifuge slides prepared as previously
described (14). IL-8 concentrations in bronchial lavage fluid were de-
termined with an IL-8-specific ELISA kit (Genzyme Corp., Cambridge,
MA) according to the manufacturer’s protocol. Samples in aliquots of
100 

 

m

 

l were analyzed in duplicate with cytokine standards and mea-
sured on a microplate reader (Spectra/SLT Lab Instruments, Salzburg,
Austria). A standard curve was constructed and sample values deter-
mined using automated regression software (winSeLecT; Tecan U.S.
Inc., Research Triangle Park, NC). This assay measured IL-8 concen-
trations in the range of 8 to 512 pg/ml with an average coefficient of
variability of 

 

, 

 

8%. Cytocentrifuge slides were stained with Wright-
Giemsa and 400 cells counted in order to determine the percentage of
neutrophils, lymphocytes, and alveolar macrophages.

 

Statistical Analysis

 

Results are presented as mean values 

 

6

 

 SD unless otherwise stated.
The age and spirometric values for all groups were compared using a
one-way analysis of variance (ANOVA) with multiple comparisons
testing by the method of Scheffé. Current and lifetime smoking
amounts were compared between smokers of each substance alone
and smokers of both (e.g., TS versus MTS for tobacco smoking
amounts) using Student’s 

 

t

 

 test. Bronchitis index scores were com-
pared between groups using several different approaches, including

 

t 

 

tests when comparing the scores as continuous measures, and chi-
square and Fisher exact tests when representing and comparing the
scores as either normal or abnormal. The total scores for the different
lung zones were compared using two-way ANOVA blocking on sub-
jects and Scheffé multiple comparison testing. Both Pearson and
Spearman correlations were performed between BI and age for NS
and for all smokers of any substance, and for current and lifetime
smoking amounts among appropriate smoking groups (e.g., tobacco
smoking amounts among TS). The same approach was used to iden-
tify correlations between smoking history (both current and lifetime)
and percent neutrophils in the bronchial lavage; between spirometry
results and BI scores; and between BI scores and histopathologic find-
ings. Histopathology results were compared between NS and each
smoking group, and between NS and all smokers combined, using chi-
square and Fisher exact tests. A p value 

 

< 

 

0.05 was considered statisti-
cally significant for all tests.

 

RESULTS

 

Subject Demographics

 

Of the 40 subjects evaluated in this study, 77% were men and
23% were women, 57% were Caucasian, 28% were African
American, 7.5% were Hispanic, and 7.5% were Asian. The
male predominance of these subjects is characteristic of the
smoking population in general (2). All of the smoking groups
were, on average, somewhat older than the NS population (

 

see

 

Table 1). However, within the age ranges studied, there were
no direct correlations between the different outcomes and in-
creasing age. Marijuana smoking habits were quite variable,
ranged from 0.5 to 13 joints/day and from 2 to 202 joint-years
(joints/day 

 

3

 

 number of years), but current use was similar for
both MS and MTS. Tobacco smoking also varied between sub-
jects, from 7 to 40 cigarettes/day and from 6 to 75 pack-years
(packs/day 

 

3

 

 years), but current usage of tobacco was signifi-
cantly greater in TS than MTS (26 

 

6

 

 9.6 versus 15 

 

6

 

 7.6 ciga-
rettes/day). On average, the bronchoscopy was performed 4.4 

 

6

 

4.3 h after smoking the last cigarette and 9.8 

 

6

 

 6.9 h after smok-
ing the last marijuana cigarette (excluding two subjects from
the MTS group who had not smoked marijuana for 8 or 30 d).

 

Symptoms and Pulmonary Function

 

Subjects were queried regarding the presence of cough, spu-
tum, and/or wheezing. Whereas none of the NS described any
of these respiratory symptoms, 20% of smokers from each cat-
egory noted cough, 20% from each smoking group noted spu-
tum production, and 10 to 20% of smokers from each group
noted wheezing (Table 1). On average, screening pulmonary
function tests were within normal limits for all smoking and
nonsmoking categories. However, one MTS had a low FEF

 

25–75%

 

(43% of predicted) and a borderline low FEV

 

1

 

 (72% of pre-
dicted). This subject noted a chronic cough but denied sputum
production or wheezing. No correlation was found between the
presence of symptoms, or abnormal spirometry results, and the
objective outcomes of this study (BI, histopathology, or neu-
trophil scores).

 

Bronchitis Index

 

Visual inspection of the central airways was performed to de-
tect mucosal changes induced by chronic smoking of marijuana
and/or tobacco. Each component of the BI (erythema, edema,
and sections) was evaluated separately. Mucosal erythema was
a very frequent finding, occurring to some degree in 95% of our

 

TABLE 1

SUBJECT DEMOGRAPHICS

 

NS
(

 

n 

 

5

 

 10

 

)
MS

(

 

n 

 

5

 

 10

 

)
TS

(

 

n 

 

5

 

 10

 

)
MTS

(

 

n 

 

5

 

 10

 

)

Sex 6 M, 4 F 9 M, 1 F 8 M, 2 F 8 M, 2 F
Age, yr 27 

 

6

 

 6.8 33 

 

6

 

 10.3 40 

 

6

 

 7.2

 

‡

 

36 

 

6

 

 9.6
Pack-years — 1.4 

 

6

 

 4.4 22 

 

6

 

 10 22 

 

6

 

 22.8
Cigarettes/day* — — 26 

 

6

 

 9.6

 

§

 

15 

 

6

 

 7.6
Joint-years — 71 

 

6

 

 81.8 0.8 

 

6

 

 2.2 52 

 

6

 

 68
Joints/day* — 5 

 

6

 

 5.2 — 3 

 

6

 

 3.4
Cough, %

 

†

 

0 20 20 10
Sputum, % 0 20 20 20
Wheeze, % 0 20 20 10
FVC, % pred 104 

 

6

 

 13 109 

 

6

 

 9 101 

 

6

 

 17 101 

 

6

 

 17
FEV

 

1

 

, % pred 109 

 

6

 

 9 113 

 

6

 

 6 107 

 

6

 

 15 100 

 

6

 

 15
FEF

 

25–75

 

, % pred 115 

 

6

 

 23 107 

 

6

 

 19 103 

 

6

 

 30 93 

 

6

 

 29

* Smoking use in the week preceding bronchoscopy.

 

†

 

 Percentage of subjects describing symptoms.

 

‡

 

 p 

 

<

 

 0.05 compared with NS.

 

§

 

 p 

 

<

 

 0.05 compared with MTS.
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Figure 2. Representative photographs of the bronchial mucosa in our NS (A–B), MS (C–E), TS (F–H), and MTS (I–L) subjects. Pictures were
reproduced from the SuperVHS recording performed during bronchoscopy. Each picture is from a different subject and was scored for the
presence and severity of erythema (ery), edema (ed), and secretions (sec) according to the visual BI. (A) NS, main carina, ery 11. (B) NS,
carina between LUL/LLL, normal. (C) MS, main carina, ery 21, ed 21. (D) MS, distal left mainstem, ery 31, ed 11. (E) MS, orifice superior
segment of RLL, ery 21, ed 31. (F ) TS, main carina, ery 21, ed 21, sec 11. (G) TS, left mainstem, ery 21, ed 11, sec 21. (H) TS, carina
between LUL/lingula, ery 21, ed 21. (I) MTS, main carina, ery 31, ed 21. ( J) MTS, main carina, ery 21, ed 31. (K) MTS, carina between
LUL/LLL, ery 31, ed 11. (L) MTS, left mainstem, ery 21, ed 31.

subjects, both smoking and nonsmoking. On close inspection,
11 erythema was primarily due to diffuse hyperemia of mu-
cosal capillaries, while 2–31 erythema was a combination of
microvascular hyperemia, engorgement of larger-appearing
vessels, and diffuse mucosal color changes associated with air-
way edema (Figure 2). By setting a total erythema score of . 4
as abnormal, no NS were categorized as having abnormal
erythema compared with 50% of MS, 50% of TS, and 60% of
MTS (Figure 3). Whereas the erythema scores for many smok-
ers were in the normal range (14 of 30), the average erythema
score was statistically different between TS and NS, and be-
tween MTS and NS. The average erythema score in the MS
group was the highest, yet the difference between MS and NS
did not quite reach statistical significance (p 5 0.07) due to
considerable intersubject variability.

Airway edema in smokers, as a group, was statistically
greater than that observed in NS. However, there was consid-
erable overlap and only 2 MS, 1 TS, and 3 MTS were rated
with cumulative edema scores greater than the highest score

assigned to a NS (Figure 3). Of these smokers, both of the MS
and two of the three MTS demonstrated frank airway narrow-
ing from edema (categorized as 31 edema), including narrow-
ing of the mainstem bronchi (Figure 2J, 2L) and complete ob-
struction of the RLL superior segment orifice in one subject
(Figure 2E).

Other than mucoid stranding (. 11), airway secretions
were relatively infrequent in our study. However, only 2 of 10
NS exhibited any secretions at all, while 40% of MS, 70% of
TS, and 50% of MTS demonstrated at least 11 secretions. As
a group, mucoid secretions were significantly more common in
smokers than NS.

When the individual parameters of erythema, edema, and
secretions were combined into a cumulative BI score, a clear
difference was observed between NS and each of the smoking
groups. The mean BI score for NS was 4.4 6 1.6, while that for
MS was 8.2 6 5.4, that for TS was 8.0 6 2.5, and that for MTS
was 8.5 6 2.9 (Figure 4). Analyzed in a different manner, none
of the NS had a BI score . 7, whereas 50% of MS, 50% of TS,
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and 70% of MTS had BI values . 7. Using the criteria de-
scribed in this study, both marijuana and tobacco smoking
were associated with visual evidence of central airways inflam-
mation in a majority of subjects. When analyzed according to
airway location, the inflammatory changes in smokers were
significantly more prominent in the upper central airways
(BI 5 3.47) than in the lower central airways (BI 5 2.13, Fig-
ure 5). However, our results did not demonstrate any signifi-
cant relationship between BI score and subject age, current or
lifetime smoking histories, symptoms, or spirometry results.

Histopathology

Mucosal injury was also assessed by obtaining endobronchial
biopsies from each subject and using light microscopy to de-
termine the presence and severity of microvascular hyperpla-
sia, submucosal edema and infiltrates, and goblet cell hyper-
plasia (Figure 6). In contrast to the visual finding of erythema
in almost all of the subjects (Figure 2), the hyperplasia and
ectasia of capillaries in the submucosa was an abnormality ob-
served exclusively, and with high prevalence, in the smoking
groups (Table 2). Histologic evidence of mucosal inflamma-
tion, including submucosal edema and the presence of inflam-
matory cells, occurred in 75 to 100% of smokers, as compared
with 20 to 40% of NS. The degree of edema, when present, was
greater in smokers than nonsmokers. Biopsies from two-thirds

Figure 4. Cumulative BI scores for all subjects by smoking cate-
gory (NS, MS, TS, and MTS). The cumulative score for each sub-
ject was obtained by summing the total scores from each of the
three parameters (erythema, edema, and secretions). All scores for
NS subjects fell below the horizontal line. The mean score (6 SD)
for each group is listed below and compared with the NS group
(individually or all smoking groups pooled together) using a t test.

Figure 3. Bronchitis index scores for each subject according to parameter (erythema, edema, or secre-
tions) and subject category (NS, MS, TS, MTS). The individual scores for each parameter were obtained by
summing scores (0, 11, 21, or 31) from each of the three tracheobronchial zones (maximum score of 9).
All scores for NS subjects fell below the horizontal lines. The mean score (6 SD) for each group is listed be-
low and compared with the NS group (individually or all smoking groups pooled together) using a t test.
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of the smokers were graded as having 21 edema, whereas bi-
opsies from NS were graded as either normal or 11. Goblet
cell hyperplasia is only one of many mechanisms responsible
for the increased mucoid secretions observed in inflamed air-
ways. Despite this caveat, goblet cell hyperplasia was a frequent
finding in smokers of marijuana and/or tobacco, although
more so in TS and MTS than in MS (80 to 89% versus 60%).

In total, 100% of the biopsies from smoking subjects were
graded as abnormal in at least one respect, 97% were abnor-
mal by at least two criteria, 72% were abnormal by at least
three of the criteria, and 48% were abnormal by all four crite-
ria. By comparison, none of the biopsies from NS were posi-
tive for more than one histopathologic finding. For every pa-
rameter (erythema versus vascular hyperplasia; edema versus
submucosal edema and/or infiltrates; or mucoid hypersecre-
tion versus goblet cell hyperplasia), and for every smoking
group, the number of subjects graded as abnormal by histo-
pathologic criteria were greater than the number of subjects
graded as abnormal by visual criteria. However, no significant
correlations were observed between the presence or absence
of an abnormality by histopathology and the cumulative score
for the same parameter as measured by the BI.

Bronchial Lavage Findings

Bronchial lavage samples were evaluated for neutrophils as a
measure of acute inflammation in the distal conducting air-
ways (Figure 7). In every case, the percentage of neutrophils
was < 20% in the lavage fluid from NS. In contrast, neutrophil
counts in excess of 20% were observed in 1 of 9 MS, 2 of 9 TS,
and 5 of 10 MTS. The finding of elevated percent neutrophils
was only significant when the results for MTS were compared
with those for NS or MS. As a correlate to neutrophilia, we
also measured concentrations of the neutrophil chemotactic
cytokine IL-8 in the lavage fluid. A similar pattern was ob-
served to that for neutrophil counts, with significantly ele-
vated levels of IL-8 found only in the samples from MTS (Fig-
ure 7). A linear regression analysis demonstrated a correlation
between IL-8 levels and the percentage of neutrophils found
in bronchial lavages (Figure 7). No significant correlations
were observed between neutrophil counts and subject age,
current or lifetime smoking histories, symptoms, spirometry
results, or BI scores.

DISCUSSION

This study follows up on earlier findings and investigates two
common misconceptions about marijuana and tobacco; first,
that smoking marijuana does not injure the lung, and second,
that smoking tobacco affects the lung infrequently and only in
older, chronic smokers. To address these issues, we recruited
young smokers of either marijuana, tobacco, or both. Using a
combination of history, physical examination, and spirometry,
we did not find any evidence of overt lung disease in these
subjects—only a low incidence of cough, sputum, or wheeze.
However, using videobronchoscopy, mucosal biopsy, and bron-
chial lavage, we found evidence of central airway inflamma-
tion in almost every smoker and signs of distal airway inflam-
mation in one-half of MTS. The visual evidence of airway injury
was at times striking. The cumulative BI scores were higher
than normal (i.e., than that observed in any NS) in 57% of the
smokers. Furthermore, histopathology identified at least two
concurrent inflammatory changes (out of four) in 97% of the
smokers as compared with none of the NS. While our small
sample of recruited subjects may not represent the entire spec-
trum of smokers, these findings do suggest that habitual smok-
ing of marijuana and/or tobacco produces airway inflammation,
that this injury occurs in a high percentage of otherwise healthy
smokers, and that routine physical examination and spirome-
try are insensitive measures of this injury.

The visual scoring used in our analysis was adapted from
the bronchitis index described by Thompson and associates (7,
8). We made three modifications to their original technique.
First, we videotaped the bronchoscopies in order to review
them later in a blinded manner. Although not completely free

TABLE 2

HISTOPATHOLOGY OF BRONCHIAL BIOPSIES

NS MS TS MTS

% positive* (average score)† % positive (average score)† % positive (average score)† % positive (average score)†

Vascular proliferation 0 (0) 70‡ (0.9) 56‡ (0.67) 89‡ (1.1)
Edema 20 (0.2) 75‡ (1.5) 88‡ (1.2) 75‡ (1.1)
Infiltrates 40 90 100‡ 100‡

Goblet cell hyperplasia 20 60 89‡ 80‡

* % of subjects with finding.
† (Average severity score on 0–21 scale).
‡ p < 0.05 compared with NS.

Figure 5. The BI was determined for all 30 smoking subjects (MS,
TS, and MTS) according to the three different lung zones as de-
fined in Figure 1. The BI for the upper zone was significantly
greater than for the lower zone (p < 0.05).
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from bias, this approach was more convenient and allowed for
a single trained reviewer to score all of the bronchoscopies.
Second, we eliminated friability as a scoring category because
of its low incidence in our subject population. Finally, we di-

vided the central airway into regions and used the worst ab-
normality within a region as the recorded score. In contrast to
the work by Thompson and colleagues (7, 8), which primarily
evaluated patients with chronic bronchitis and asymptomatic

Figure 7. Bronchial lavage samples were analyzed for IL-8 concentration by cytokine-specific ELISA and cy-
tocentrifuge preparations were stained with Wright-Giemsa and the percentage of neutrophils deter-
mined by counting 400 cells under the microscope. Bronchial lavage neutrophil counts were higher in
MTS as compared with either NS (†p , 0.05) or MS (*p , 0.05) and bronchial lavage IL-8 levels were
higher in MTS as compared with MS (*p , 0.05). A significant correlation existed between these two
measurements for all of the smoking subjects (open squares, MS; open triangles, TS; closed circles, MTS).

Figure 6. Representative photomicrographs of mucosal biopsies demonstrating normal mucosal histology (A); vascular hyperplasia and
ectasia (B); submucosal edema and infiltrates (C); and goblet cell hyperplasia (D). Magnification 3320 (C) or 3400 (A, B, D). Hematoxy-
lin–eosin stain.
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tobacco smokers, we used this approach to evaluate nonsmok-
ers as compared with otherwise healthy smokers of marijuana
and tobacco. Despite these differences, our visual findings
were similar and we noted a high incidence of erythema,
edema, and airway secretions in both marijuana and tobacco
users. Our results validate the use of a cumulative BI score as
a mechanism for detecting and quantitating the airway inflam-
mation that develops in smokers. With respect to lifetime
smoking exposure, we did not observe the same correlation
between smoking history and BI score as previously noted (7,
8). This difference likely reflects the weak nature of this rela-
tionship (reported by Thompson and associates as r 5 0.285),
the relatively moderate smoking history of our subjects (aver-
aging only 26 tobacco cigarettes/day and 22 pack-years as
compared with the 50 cigarettes/day and 36 pack-years in the
subjects studied by Thompson and associates), the fact that we
did not include older individuals with symptomatic chronic
bronchitis, and the relatively small size of our study which lim-
ited the statistical power of our analysis.

The broad-ranging histopathologic effects of marijuana
and/or tobacco on the bronchial mucosa have been described
in detail before and include mucosal inflammation, cellular
atypia, tissue metaplasia, and even frank dysplasia (4–6). In
the present study we extend these prior observations by con-
centrating on four indicators of acute and chronic inflamma-
tion (vascular hyperplasia, submucosal edema, infiltration by
inflammatory cells, and goblet hyperplasia) as potential corre-
lates for the different parameters of the BI. Despite this hy-
pothesis, we failed to find any correlation between the differ-
ent histopathology scores and their corresponding visual BI
scores. Mucosal biopsy was far more sensitive and specific
than visual scoring at detecting the inflammatory effects of
smoking. There are many reasons for this. First, the BI was de-
signed as a survey technique and uses a single “cumulative”
number to describe the prevalence, extent, and severity of
each finding. Distinguishing between normal and abnormal
therefore depends upon the extent of visual findings—not
merely their presence or absence. In contrast, the pathologic
criteria were designed a priori to identify abnormalities in
smokers and therefore are mostly a measure of prevalence. It
is possible that a different approach, such as scoring each of
the five biopsies separately and summing the results, might
have provided a better correlation to the BI. In addition, a sin-
gle pathologic feature such as vascular hyperplasia may not
adequately explain a complex visual finding such as mucosal
erythema. Despite these limitations, however, the comparison
of visual and pathologic findings suggests several important
points. For example, while some degree of airway erythema
was observed in almost all subjects, including both smokers
and NS, pathologic evidence of capillary hyperplasia was
found only in smokers. This finding implies that mild to mod-
erate erythema is a normal consequence of the bronchoscopy
procedure itself, likely resulting from procedure-related
coughing. By contrast, 56 to 89% of the smokers demon-
strated smoking-related vascular changes that were statisti-
cally related to smoking. This smoking-related capillary hy-
perplasia has not previously been reported and deserves
further evaluation. Cigarette smoking is known to activate
vascular endothelium in humans (15), and animal studies have
identified increased endothelial proliferation in the bronchial
wall of tobacco-exposed rats (16).

The mucosa was judged to be significantly edematous
(score of . 4) in only 10 to 30% of smokers by visual criteria,
but submucosal edema and inflammatory cell infiltrates were
present in 75 to 100% of smoking subjects according to their
biopsies. Most of this discrepancy is accounted for by the cut-

off value of 4 that was used to discriminate between normal
and abnormal. While this score set the specificity at 100%, it
allowed many smokers with disease-related edema to be char-
acterized as normal. However, the statistical limitations of the
BI should not detract from the importance of the visual find-
ings. The degree of airway edema was at times visually strik-
ing, including near-occlusion of a segmental orifice and dra-
matic narrowing of lobar and mainstem bronchi. Interestingly,
none of the subjects with 31 edema (which occurred only in
smokers) had symptomatic complaints or abnormal measure-
ments for FEV1 or FEV1/FVC. However, more sensitive mea-
sures of large airway narrowing, such as specific airway conduc-
tance and airway resistance, have been noted to be abnormal in
marijuana and tobacco smokers in prior investigations (3).
The central airway edema described in this report supports
these earlier physiologic findings.

The histopathologic finding of airway edema and cellular
infiltrates in a small percentage of normal nonsmoking sub-
jects is also interesting. While these subjects were carefully
screened to exclude active smoking or high-risk occupational
exposures, we cannot exclude the possibility that exposure to
second-hand smoke, ambient air pollution or other inhaled ir-
ritants might account for these findings (17–19). Environmen-
tal pollutants, such as ozone, are clearly capable of inducing
bronchial inflammation (17). The preparation for bronchos-
copy, and the coughing that sometimes develops during the
procedure, may be another factor producing background lev-
els of airway inflammation. While our study identified airway
edema and cellular infiltration in some nonsmokers, the per-
centage of subjects with these findings and the severity of
these findings were clearly less than that observed in active
smokers of marijuana and tobacco.

Goblet cell hyperplasia is only one of many factors respon-
sible for the increased secretions observed in smokers. Other
factors include hypertrophy of submucosal glands, disruption
of mucociliary transport by a variety of mechanical factors
such as squamous metaplasia and bronchiectatic changes, and
ciliotoxic effects of gas-phase smoke components which im-
pair ciliary function (20). Whereas goblet cell hyperplasia was
a frequent finding in biopsies from MS, TS, and MTS, it was
somewhat less prevalent in MS than in the other smoking cat-
egories. One explanation for this heterogeneity is the frequent
finding of squamous metaplasia in biopsies from MS (6). In
cases of severe squamous metaplasia, both ciliated columnar
cells and goblet cells were replaced. While these subjects were
therefore graded as negative, they had other reasons for ab-
normal mucous clearance.

Perhaps the most striking result of our study is the fact that
MS, who smoked an average of only a few joints per day, had
the same degree of visually evident and histopathologically
confirmed airway injury as that detected in tobacco smokers,
who smoked 20 to 30 cigarettes per day. This finding recon-
firms our prior observations (4). While the major constituents
of marijuana and tobacco smoke are quite similar (21, 22), it is
the method of smoking which likely accounts for this finding
(23, 24). Marijuana is smoked as a loosely packed, unfiltered
cigarette, whereas tobacco is tightly rolled and nearly always
filtered. This results in a hotter smoke and a higher delivery
of particulates from marijuana joints. In addition, marijuana
smoke is inhaled with a larger puff volume and a 4-fold greater
retention time (breathholding time) than tobacco smoke (23).
Because of these differences, smoking a marijuana joint de-
posits over four times as much particulates in the lung than
smoking an average tobacco cigarette. The same is also true
for the delivery and retention of noxious gases such as carbon
monoxide. The pattern of injury that we observed, which di-
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minished as a function of distance down the airway, is consis-
tent with injury from relatively large respirable particulates,
water-soluble constitutes of smoke, and/or heat.

In addition to directly examining the central airways, we
used bronchial lavage to sample lining fluid and cells from the
small conducting airways of our subjects (25, 26). Many groups
have reported an increased percentage of neutrophils in bron-
chial samples from smokers with chronic bronchitis (27–29).
Even in asymptomatic smokers, Thompson and associates (7)
reported that about half of their subjects had elevated per-
centages of neutrophils in their bronchial lavage. The results
were less striking in our subjects with only 1 of 9 MS, 2 of 9 TS,
and 5 of 10 MTS exhibiting neutrophil percentages greater
than that observed in any NS (. 20% neutrophils). Again, this
might be explained by the relatively low intensity of tobacco
smoking in our subjects. As an alternate measure of distal air-
way inflammation we also determined the concentration of
IL-8 in bronchial lavage fluid. IL-8 is elevated in many inflam-
matory lung diseases and appears to be the primary cytokine
responsible for neutrophil chemotactic activity in the bronchi
of smokers with chronic bronchitis (30–32). IL-8 concentra-
tions correlated with bronchial lavage neutrophil counts and
were significantly increased in MTS. With respect to distal air-
way inflammation, it is possible that the combined smoking of
marijuana and tobacco may be more injurious than smoking
either substance alone. However, due to the small number of
subjects and the relatively low frequency of abnormal find-
ings, further study is warranted before drawing any firm con-
clusions.

In summary, our observations suggest that regular smoking
of marijuana and/or tobacco by young adults is associated with
a high frequency of central airway inflammation. This injury is
visually evident by bronchoscopy and is sometimes quite strik-
ing. At the microscopic level, there is evidence of airway in-
flammation in almost all smokers. These changes occur even
in the absence of any symptoms or physiologic evidence of in-
jury. The evidence for small airways inflammation was less
striking in smokers of marijuana or tobacco alone, but quite
prevalent in combined MTS. Collectively, our findings strongly
suggest that smoking marijuana and/or tobacco has significant
injurious effects on the central and peripheral airways, even in
young and otherwise asymptomatic adults.
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