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KEYWORDS Summary

Spirometry; Introduction. — Studies of the spirometric profiles of narghile smokers are few, have some
Tobacco; methodological limits (i.e. small sample size), and present contradictory conclusions.
Narghile; Aims. — (i) To determine the percentage of narghile smokers with obstructive ventilatory defect
Deficit; (OVD) and/or restrictive ventilatory defect (RVD) or static hyperinflation (SHI); (ii) to compare
Ageing the chronological and estimated lung ages.

Population and methods. — Inclusion criteria: men aged 20 to 60 years, narghile smokers (> 1
narghile-year [NY]). Exclusion criteria: cigar or cigarette smokers and comorbidity. Narghile use
quantification: NY and kg of cumulative tobacco use (1 NY =9.125 kg of cumulative tobacco use).
Definitions. — Large airway obstructive ventilatory defect (OVD): forced expired volume in one
second (FEVy) / forced vital capacity (FVC) less than lower limit of normal (LLN). Small airway
OVD: FVC more than LLN and decrease (less than LLN) of one or more peripheral flows. RVD: total
lung capacity (TLC) less than LLN. SHI: residual volume (RV) more than upper limit of normal.
Spirometric measures. — (Vmax 22 Series/6200 Autobox, SensorMedics, Yorba Linda, California,
USA with measurement of functional residual capacity by nitrogen washout). Measurements
were made according to international recommendations.

Results. — One hundred and ten narghile smokers were included (34 + 10 years; 1.76 +0.07 m;
84+ 14 kg). Thirty-six percent of the subjects had SHI; 14% had small airway OVD; 14% had
RVD, and 6% had large airway OVD. Estimated lung age was higher than chronological lung age
(47 18 years vs. 34+ 10 years, P<0.05).
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Conclusion. — Narghile use accelerates lung ageing. This study provides the health authorities
with valid arguments to fight this blight on society, which increasingly involves children and

pregnant women.

© 2011 SPLF. Published by Elsevier Masson SAS. All rights reserved.

Abbreviations list

B non-standardized regression coefficient
BMI body mass index

co carbon monoxide

COPD  chronic obstructive pulmonary disease

DLCO  diffusing capacity of the lung for carbon monoxide
FEV, forced expired volume in one second
FRC functional residual capacity

FvC forced vital capacity

MMEF  maximal midexpiratory flow

n number of subjects

N normal corresponding to a 95% confidence interval
N, nitrogen

NY narghile-year
ovD obstructive ventilatory defect
(0)3 oxygen

PEF,;  peak expiratory flow rate at the x% point of total
volume (FVC) to be exhaled

PEFR  peak expiratory flow rate

PHI public health institution

r correlation coefficient

RV residual volume

RVD restrictive ventilatory defect

SHI static hyperinflation

SsvC slow vital capacity
TLC total lung capacity
‘A% ventilatory variable

Introduction

The last decade has seen the emergence of large-scale
narghile use. The social phenomenon of narghile smoking has
developed to a worrying extent. To date the number of smok-
ers is estimated at 100 million worldwide, mainly in North
Africa, Asia and the Middle East [1—4]. For example, male
narghile smokers are respectively 22% in Egypt, 50% in Syria,
and 57% in Kuwait [1—4]. Faced with the ‘‘globalization’’ of
this phenomenon that increasingly affects women and chil-
dren [5,6], the World Health Organization has taken up the
case and stressed that ‘‘the narghile is not only a health
risk, but is also a gateway to smoking for a number of young
people’’[7]. Unlike cigarette smokers, narghile smokers are
not likely to consider quitting, and this indicates a serious
and profound lack of information about the real nature and
toxicity of narghile smoke [2,6—9].

Usually, public opinion, and especially the medical world,
underestimates the damaging effects of this water pipe,
despite its harmful effects on health [1,6]. Indeed, it has
been proven that its smoke is rich in hundreds of sub-
stances potentially hazardous to health [10—13]. In addition,

narghile use is frequently associated with several diseases
[14—26] (i.e.; cancers, infectious diseases, genetic dis-
orders, cardiovascular diseases). Furthermore, compared
with cigarette smoke, narghile smoke has a higher level
of nicotine (1—3% vs. 2—4%, respectively), CO (0.41% vs.
1.40%, respectively) and tar (11 mg vs. 802 mg, respectively)
[2,8,12,13,27—29]. Moreover, narghile smokers have high
blood levels of free radicals, known to be mediators involved
in bronchopulmonary lesions [30,31]. Finally, narghile smok-
ing impairs mucociliary clearance in the respiratory system
[32]. All this led us to believe that deterioration in the spiro-
metric profile of narghile smokers was possible.

To the best of our knowledge, studies of the spiromet-
ric profiles of narghile smokers are rare [8,32—41]. Indeed,
only three studies have been published as original articles
[8,32,33], whereas other approaches to the subject have
been presented as abstracts at international conferences
[34—37]. The majority of these studies used limited method-
ology: low sample size (19, 20, 65 and 82 subjects exclusively
narghile smokers respectively for studies by Altinisik et al.
[35], Koseoglu et al. [32], Bayindir et al. [34] and Kiter
et al. [8]), inclusion of subjects both cigarette and narghile
smokers [2,33], elderly subjects [8], or with diseases that
affect lung function [38—40], measures of expiratory flows
only and not lung volumes [8,34,35], non-application of
recent recommendations and spirometric definitions [8,41].
These methodological shortcomings explain some discrepan-
cies in the findings: lack of respiratory function impairment
[32,35—37], minimal small airways impairment [8], or large
airways impairment [34,42].

Ignoring the harmful effects of narghile smoke on lung
function will certainly lead to a global public health prob-
lem [1,2,7,43], which we can now undertake to prevent.
The aims of this study of narghile smoker spirometric profile
were:

e to compare VV measured with the reference values;

¢ to determine the percentage of narghile smokers with VV
outside the normal range, or OVD, and/or RVD, or SHI;

e to compare estimated lung age with chronological age.

Population and methods
Type of study

This was a cross-sectional study spread over three months
(December 2006 to February 2007). It was conducted in the
Department of Physiology and Functional Explorations of the
Farhat Hached PHI in Sousse, Tunisia. This study, without
direct benefit to the subjects, obtained the approval of the
ethics committee of the local PHI. If a ventilatory defect
was discovered, the subject was referred to a chest physi-
cian.
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Population

Only male subjects who were current narghile smokers were
included in the study. These subjects were recruited from
the staff of the Faculty of Medicine and the Farhat Hached
PHI in Sousse, as well as acquaintances of people involved
in the study. The exclusion criteria were numerous: age
under 20 or over 60, cigarette smokers, cigar or pipe smok-
ers, history of asthma, allergies, pulmonary tuberculosis or
recent respiratory tract infection, presence of comorbidities
(cardiovascular diseases, diabetes, neoplasia) and imperfect
performance of the respiratory manoeuvres requested.

Sample size

It was calculated using the following predictive equation
[44]: n=(Z* x p x q)/ A%. n: number of subjects necessary. Z:
95% confidence level (Z=1.96). p: estimation of spirometric
impairment in narghile smokers. According to the literature
[45], 25 to 40% of narghile smokers have a diminished PEFR.
g=1—p=0.75. A: precision =8%. According to this formula
the number of subjects required was 112.

Data collection procedures

Data were collected using a questionnaire modelled on that
of the American Thoracic Society [46]. This non-validated
questionnaire was composed of questions written in French
and put to the subjects in Arabic. These questions, asked by
the same operator using the same form, were mainly closed
questions, usually dichotomous.

Study protocol: welcome and provision of an informa-
tion sheet; explanation of the study objectives; signature
of the informed consent form; completion of medical ques-
tionnaire, and anthropometric and spirometric measures.

The following data were collected: narghile use quan-
tified in narghile-years (NY) and kg of cumulative tobacco
use [1,47], anthropometric data (age, weight, height, BMI),
spirometric data (FVC, FEV,, PEFR, MMEF, PEF at the 75,
50 and 25% point of total volume [FVC] to be exhaled,
PEF7sy, PEFsoy, and PEF;sy respectively), SVC, FRC, RV, TLC,
FEV,/SVC, FEV,/FVC, RV/TLC and FRC/TLC ratios) and esti-
mated lung age.

Definitions used

The definitions used were based on the identification of a
lower limit of normal for the VV in question. For this reason,
we used the two interpretation methods the most commonly
used in current practice [41,48,49].

The first method was based on ‘‘fixed threshold val-
ues’’ beyond which the VV were considered to be abnormal
[48,49]. For FEV; and lung volumes, the VV were considered
to be reduced when below 80% of their reference value,
normal between 80 and 120%, and increased when above
or equal to 120%. For peak expiratory flows, and because of
their great variability, the VV were considered to be reduced
when below 50% of their reference value, normal between
50 and 120%, and increased when above or equal to 120%.
For the FEV,/FVC ratio, the threshold was set at 0.70.

The second method was based on determination of a
95% confidence interval, and therefore the application of

lower and upper limits of normal [41]. For simplicity in this
article, we have defined ventilatory abnormalities as above
(> N) or below (<N) normal; with the normal corresponding
to the confidence interval. Proximal OVD was defined as an
*FEV,/FVC ratio less than N’’ [41]. The recent International
classification of OVD severity, based on FEV, as a percentage
of its reference value, was used (mild: FEV; > 70%; moder-
ate: 60% < FEV; < 69%; moderately severe: 50% < FEV, < 59%;
severe: 35% <FEV; <49%, and very severe: FEV; < 35%) [41].
Distal OVD was defined as the association of a *‘normal FVC’’
with a reduction (<N) in peripheral flows (PEFsy4, and/or
PEFs0y, and/or PEF7sy, and/or MMEF) [48]. RVD was defined
as a "'TLC less than N’’ [41]. The International classification
of RVD severity, based on TLC expressed as a percent-
age of its reference value, was used (mild: 70% <TLC <N;
moderate: 60% < TLC <70%; severe: TLC <60%) [49]. Mixed
ventilatory defect was defined as the association of a *‘TLC
less than N’’ and an ‘‘FEV{/FVC ratio less than N’ [41].
SHI was defined as a ‘‘RV greater than N’’ [50]. The inter-
national classification for SHI severity was used (stage I:
RV >N but normal FRC and TLC; stage Il: RV and FRC>N
but TLC normal; stage lll: RV, FRC and TLC > N) [50]. Non-
specific ventilatory defect was defined as a decrease (<N)
in FVC and/or FEV4, with a normal FEV,/SVC ratio and
TLC.

Estimated lung age was calculated from the fol-
lowing equation [51]: estimated lung age is equal
to 0.072898 x height (m) —31.250 x measured FEV; (l)
—39.375.

Depending on BMI (ratio of weight to height squared),
we distinguished between [52]: underweight (BMI<18.5),
normal weight (18.5 <BMI <25), overweight (25 <BMI < 30)
and obesity (BMI>30). The latter was either moder-
ate (30<BMI<35), or severe (35<BMI<40), or massive
(BMI > 40).

Narghile: description, operation, smoke composition,
and evaluation of use.

The narghile is a water pipe which enables the smoking of
a tobacco preparation, flavoured or not, burned by charcoal
embers; the smoke is cooled by passing through water before
being inhaled. The different parts of the narghile, ranging in
size from 40 to 100 cm, are indicated on Fig. 1. The bowl is
made of earthenware or metal. It contains the tobacco and is
perforated to let the smoke pass in the stem. The tray is used
to catch charcoal ash. The stem is the central part of the
narghile (1cm in diameter). The bowl is fixed at the top of
the stem and is sealed with a grommet. The lower extremity
of the stem is submerged in water. The assembly is either
pushed or screwed into the vase. The vase is made of glass or
acrylic, and is filled with water to half its height. The hose
(75—150cm) is used to smoke the narghile. The proximal
extremity of the hose arrives in the air space between the
water in the vase and the junction with the stem.

Operation of the narghile can be summarized as follows
[9]: inhaling through the hose lowers the pressure inside the
vase. Air passes through the stem and bubbles through the
water thus enabling combustion of the tobacco. The smoke
produced passes through the stem and the water, fills the top
of the vase as air bubbles, and then passes into the hose.

We considered that a smoked narghile contained 25¢g
of tobacco and thus 1NY (one narghile a day for one
year)=9.125kg of cumulative tobacco use. Subjects were
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Figure 1.  Different parts of the narghile.

classified as non-smokers (less than 1 NY) or current smokers
(above or equal to 1NY).

Spirometry technique

We used a rapid response spirometer with measure of
FRC and nitrogen washout (22 Series/6200 Vmax Autobox,
SensorMedics, Yorba Linda, California, USA). After entering
anthropometric data, reference values were automatically
calculated according to the local equations [53]. Measure-
ments were made in accordance with the international
guidelines [54,55].

The spirometer is calibrated according to atmospheric
conditions recorded daily [56]. The accuracy of flow-meter
measures for flow and output volume were confirmed once
a day using a three litre syringe [54]. Before testing each
subject, the N, analyser was set at zero with 100% oxygen
(02) and then exposed to ambient air to confirm calibration.

The operator supervised the respiratory manoeuvres and
strongly encouraged the subjects to provide maximal effort.
The correct technique was demonstrated and measurement
procedures were followed.

Measurement of FVC was performed in four distinct
phases:

e quiet breathing for five cycles;

¢ slow and sustained expiration to FRC;
e maximal inhalation;

e “‘explosive’’ and complete expiration.

We retained the forced expiratory flow curve with a sat-
isfactory PEFR and the best total (FVC +FEV;).

Measurement of FRC using the nitrogen washout tech-
nique was based on the washing out of all nitrogen in the
lungs while the patient was breathing 100% O, [55]. The
procedure for measuring FRC was explained to the subject,
emphasizing the need to avoid leaks around the mouthpiece
during washout. The subject breathed ambient air, nose clip
in place for 30 to 60seconds to get used to the device and
to obtain a stable end-tidal level. When respiration was sta-
ble and regular, the subject was connected to the circuit
allowing him to breathe 100% O, instead of ambient air. The

washout was considered to be complete when the concen-
tration of N, was less than 1.5% for at least three successive
breaths. At least one technically satisfactory measurement
was obtained. If more than one measurement was made, the
value retained was the average of the acceptable technically
similar results within 10%.

Statistical analysis

The analysis of variable distribution was performed using
the Kolmogorov-Smirnov test [44]. When the distribution
was normal and variances were equal, the results were
expressed as mean +standard deviation. Otherwise, the
results were expressed by their medians (1st to 3rd quartile).

The Student t test was used to compare the VV measured
with reference values and to compare estimated lung age
with chronological age.

We performed simple linear regressions between the
VV (dependent variables) and narghile use expressed in
kg (independent variable). The VV (examples: MMEF, RV)
varied by a factor equal to ‘‘B x narghile use’’. B being
the non-standardized regression coefficient. Example: MMEF
diminished by B; mL per kg of narghile use and RV increased
by B, mL per kg of narghile use. The correlation coefficient
(r) between the VV and narghile use expressed the quantity
of variation common to the two variables.

We then performed multiple linear regressions between
the VV influenced by narghile use (dependent variables) and
the following independent variables: age, height, weight
and narghile use in kg.

The significance threshold of 5% was retained.

Data acquisition and processing was performed using
Statistica software (Statistica Kernel version 6; Stat Soft,
France).

Results

One hundred and ten of the 150 subjects examined (73%)
were included in the study. The exclusion criteria were:
cigarette or cigar smokers (n=17), imperfect performance
of the respiratory manoeuvers requested (n=12), comor-
bidities (n=6), age less than 20 years or more than 60 years
(n=5).

The median (1st to 3rd quartile) of narghile use was 14 NY
(4—28) and accumulated tobacco use was 128 kg (37—256).

The means + standard deviations (minimum—maximum)
for age, height, weight and BMI, were respectively
34+ 10 years (20—60), 1.76 = 0.07 m (1.58—1.90), 84 + 14 kg
(57—125) and 27 £4kg/m? (19—39). Thirty-six subjects
(33%) had normal weight, 47 (43%) were overweight, and
27 (25%) were obese. Twenty-four subjects (22%) were mod-
erately obese and three (3%) were severely obese.

Fig. 2 shows the distribution of the sample in 10-year age
brackets.

Comparison of ventilatory variable (VV)
measured with reference values

All forced expiratory flows were reduced (Table 1).
The increases in the RV, FRC, RV/TLC and FRC/TLC ratios
indicated SHI in narghile smokers.
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Figure 2.  Distribution of the sample in 10-year age brackets.

Number of subjects presenting ventilatory deficits

None of the subjects showed strictly normal spirometry.
Fig. 3 presents the number of smokers distributed accord-
ing to the method based on *‘fixed threshold values’’. Five
smokers (5%) had an FEV;/FVC less than or equal to 0.70.
Table 2 shows, according to the method based on a confi-
dence interval of 95%, the number (%) of smokers with VV
outside the normal range and/or ventilatory defects. Anal-
ysis of this table reveals the following:
e only six subjects (6%) had proximal OVD (mild and moder-
ate);

Table 1

>

Number of narghile smokers

Number of narghlle smokers [0

<50% [50%-80%[
m MMEF m PEF25%

[80%-100%[ [100%-120%[ 120%

O PEFR & PEF50% = PEF75%

Figure 3.  Number of smokers distributed according to the method
based on ‘‘fixed threshold values’’. The *‘fixed threshold values’’
are expressed in percentage of reference value. A. FEV4 FVC, TLC,
RV and FRC. B. PEFR, MMEF and PEFx%. For abbreviations, see abbre-
viations list.

Comparison of ventilatory variables (VV) measured with reference values (n=110).

A% Measured value
(absolute value)

Measured value P
(expressed in percentage
of reference value)

Forced expiratory flows

FEV, (L) 3.87 £ 0.69
PEFR (Ls™") 8.27 + 1.64
PEF25% (LS;') 1.93 £ 0.79
PEFsoy (Ls™") 4.84 +1.27
PEF755 (Ls™") 7.30 £ 1.70
MMEF (Ls™") 4.05 £+ 1.07
Lung volumes

FVC (L) 4.80 + 0.84
SVC (L) 4.45 £ 0.83
FRC (L) 3.80 + 1.61
TLC (L) 7.22 +1.75
RV (L) 2.40 + 1.44
Ratios

FEV,/FVC 0.81 £+ 0.06
FEV,/SVC 0.88 + 0.10
RV/TLC 0.31 £ 0.11
FRC/TLC 0.51 £ 0.10

94 £+ 12 0.004
87 £ 15 <0.001
81 £ 32 <0.001
92 £+ 23 <0.001
89 + 19 <0.001
87 £ 21 <0.001
97 £ 12 0.218
87 £13 <0.001
114 £+ 48 0.002
104 £ 24 0.148
132 £ 50 <0.001
100 + 12 0.519
95 £ 12 <0.001
117 £+ 39 <0.001
101 £ 20 0.812

Values are expressed as their mean + standard deviations. P (Student ¢t test): measured value (absolute value) vs. measured value
(expressed in percentage of reference value). For abbreviations, see abbreviations list.
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Table 2 Spirometric profile of narghile smokers (n=110).

Number (%) of subjects with ventilatory variables outside the normal range

Forced expiratory flows or ratios <N

FEV1 (L) 4 (13%)
PEFR (Ls™) 31 (28%)
PEF54 (Ls™) 8 (7%)
PEFsey (Ls™) 9 (8%)
PEF7s5 (LS'1) 9 (8%)
MMEF (Ls™") 18 (16%)
FEV,/FVC 6 (6%)
FEV,/SVC 2 (2%)
Ratios > N
RV/TLC 33 (30%)
FRC/TLC 16 (14%)
Lung volumes
>N <N
FVC (L) 7 (6%)
SVC (L) 40 (36%)
FRC (L) 36 (33%) 14 (13%)
TLC (L) 23 (21%) 15 (14%)
RV (L) 40 (36%) 9 (8%)
Number (%) of subjects with distal obstructive ventilatory defect
Definitions
Normal FVC and (PEF2594 or PEFsgy or PEF;s4 or MMEF) <N 15 (14%)
PEF25% <N 8 (7%)
PEF50% <N 9 (8%)
PEF/5% <N 9 (8%)
MMEF <N 15 (14%)
Number (%) of subjects with non-specific ventilatory defect
FVC <N and (FEV{/FVC and TLC) within the normal range 3 (3%)
FEV; <N and (FEV;/FVC and TLC) within the normal range 5 (5%)
(FVC <N or FEV; <N) and (FEV;/FVC and TLC) within the normal range 5 (5%)

N: normal corresponding to the confidence interval of 95%. For abbreviations, see abbreviations list.

e fifteen subjects (14%) had distal OVD;

e forty subjects (36%) had SHI. Seven (6%), 13 (12%) and
20 (19%) subjects were classified respectively as stage |,
stage Il and stage Il SHI;

e fifteen subjects (14%) had RVD. Eleven (10%), three (3%)
and one (1%) subjects were classified respectively as hav-
ing mild, moderate and severe RVD;

® no subjects presented mixed ventilatory defect;

e between 3 and 5% of the subjects had a non-specific ven-
tilatory defect.

Relationships between the ventilatory
variable (VV) and narghile use

There was no significant correlation between PEF;sy, FVC,
VC, TLC and FRC/TLC ratio and narghile use.

Fig. 4 presents the correlation coefficient (r) between the
measured VV and narghile use. Narghile use accelerates the
decline in FEV, (p <0.001) (Fig. 4A) and peak expiratory flow
(Fig. 4B, C, D and E). Similarly, it accelerates the increase in
FRC (p=0.049) (Fig. 4F) and RV (p =0.004) (Fig. 4G), indicat-
ing a trend towards SHI. Finally, it accelerates the decline
in FEV,/FVC ratio (p=0.04) (Fig. 4H).

Multiple linear regressions between VV and anthropomet-
ric data in addition to narghile use showed that the more
the latter increases, the more maximal expiratory flow and
FEV,/FVC ratio decline, and the more FRC, RV and VR/TLC
ratio increase.

Estimated lung age

Estimated lung age was higher than chronological age
(respectively, 47 + 18 years against 34 + 10 years; P<0.05).
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Discussion

The spirometric profile of narghile smokers is deteriorated,
with in particular the presence of OVD, SHI and acceleration
in lung ageing.

Methodological discussion

Nosology

Narghile is the generic name for any method of tobacco use
featuring the passage of smoke through water before being
inhaled. In the literature, the name of this mode of smoking
depends on the country of origin and includes the following
terms: narghile, arghila, argileh, shisha, chicha, gozh, goza,
chilam, ghelyan, hookah, hooka, hukka, or hubble-bubble.
We preferred the term ‘‘narghile’’.

Type of study

This cross-sectional study was economical and easy to per-
form. It required less time than a longitudinal study and
provided much useful information [57]. We decided to com-
pare the measured values of VV in narghile smokers with the
reference values established in a local population of healthy
non-smokers [53]. Other methods have been used, such as
the comparison with a group of cigarette smokers or a group
of non-smokers [8,32].

Recruitment method

For purely practical reasons, we recruited our subjects from
the staff of the Faculty of Medicine and the Farhat Hached
PHI in Sousse, as well as acquaintances of people involved
in the study. As in any study using volunteers, there was a
possibility of selection bias [58]. Other recruitment meth-
ods have been used. For example, Kiter et al. [8] visited all
the narghile cafés in the city of Izmir (Turkey), where 15 to
20 narghile smokers per café were approached to answer a
questionnaire and have expiratory flows measured.

Criteria for inclusion and exclusion

Some precautions were taken during this study. To avoid
misinterpretation we only included men, current narghile
smokers, not smokers of cigars, cigarettes or pipes, clinically
stable and free of comorbidities.

As in the study by Kiter et al. [8], we did not include
women in our study despite the fact that the ‘‘narghile’’
phenomenon is affecting more and more women (69% of
women in Kuwait are narghile smokers [4]).

As the average age of initiation into narghile use is 19 +5
years [3,47], we only included smokers aged 20 and over with
a use of over 1NY. However, this ‘‘narghile’’ phenomenon
affects more and more children [6].

As life expectancy in healthy Tunisians was 61 years in
2002 [7], we were unlikely to find narghile smokers over 60,
free of comorbidity and clinically stable. This explains the
low number of subjects aged 50 to 60 years included in our
study (Fig. 2). The upper age limit was not respected in the
study by Kiter et al. [8] who included subjects aged between
18 and 85 years.

According to the recommendations, subjects unable to
correctly perform the requested respiratory manoeuvres,
after eight trials, were not included in the study [54].

It is possible that other criteria not assessed in this study,
such as occupational exposure and obesity, could have influ-
enced our results. However, when answering the medical
questionnaire, no subjects reported being followed by an
occupational physician. The deterioration in lung function
associated with obesity appears only in the case of severe
or massive obesity without any proven pulmonary disease
[59]. In our study, only 3% of the subjects presented severe
obesity; they were not excluded.

Sample size

Sample size (n=110) ‘‘seemed’’ to be satisfactory [44], in
accordance with international recommendations [41]. Our
sample was larger than that used in some studies of exclu-
sive narghile smokers [8,32,34,35]. However, it was not as
large as that used for a study [33] conducted on a mixed
population of cigarette and narghile smokers (n=595).

Quantification of narghile use

In the absence of a specific international codification, we
quantified narghile use as in the study by Kiter et al. [8],
NY and accumulated tobacco use in kg. We considered that
a smoked narghile contained 25g of tobacco. The tobacco
used for a narghile weighs between 10 and 25g [2] and
is available in three main types: ‘‘Moassel’’ or ‘‘maasel
(sweet, mostly used in Tunisia), which contains 30% tobacco
and 70% molasses and is often flavoured (apple, strawberry,
banana, etc.). ‘“Tombak’’ or ‘*Tumbak’’ or ‘‘Ajami’’ which
is a pure black tobacco paste. ‘‘Jurak’’, an intermediate
form that often contains fruits or oils [2].

Based on an experimental model, Salah and Shihadeh
evaluated narghile use in number of puffs [60]. A standard
session of 20g of narghile tobacco lasts 45 minutes. It con-
sists of an average of 171 puffs, each lasting 2.6 seconds (the
volume of each puff being 530 mL), spaced 17 seconds apart
(cycle of 19.6 seconds) [60].

However, according to the subjects, the volume of each
puff varies from 500 to 1000 mL, against 30 to 50 mL for
a cigarette [60,61]. A narghile session lasts on average
between 45 and 60 minutes with a cumulative volume of
smoke inhaled of 100L [2,61]. Similarly, it has been demon-
strated that the concentration of CO in narghile smoke is
significantly higher in small narghiles than the larger ones
[62].

Since the narghile is the most often smoked in groups
in relatively confined areas such as cafés and tearooms, we
think that the actual amount of smoke inhaled is underesti-
mated [2].

Composition of narghile smoke

We were faced with another methodological problem,
namely the variability of the composition of the tobacco
used in the narghile (Table 3). According to published data,
the chemical composition of narghile smoke (production
from one gram of tobacco) includes: CO (145 mg), nicotine
(2.96 mg), tar (802 mg), polycyclic aromatic hydrocarbons
(fluoranthracene [221 ng], phenanthrene [748 ng], chrysene
[112ng]), heavy metals (arsenic [165ng], cobalt [70 ng],
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Table 3 Composition of narghile smoke according to experimental models. Data for cigarette smoke are shown for

comparison.
Shihadeh and Shihadeh [13] Rakower and Hoffmann and
Saleh [60] Fatal [17] Hoffmann [79]
Type of tobacco Moassel Moassel Tombak Cigarettes
Number of puffs 171 100 Not mentioned
Puff volume, mL 530 300 200 35
Puff duration, s 2.6 3 5
Interval between puffs, s 17 30 60
Tar, mg 802 242 84 1-27 (11.2)
Nicotine, mg 2.96 2.25 0.1-2 (0.77)
Carbon monoxide, mg 145 1-22 (12.6)
Polycyclic aromatic hydrocarbons (ng)
Benzopyrene 20—-40
Phenanthrene 748 200—400
Flouranthracene 221 9-99
Chrysene 112 4—41
Heavy metals (ng)
Arsenic 165 40—-120
Beryllium 65 300
Nickel 990 0—600
Cobalt 70 0.13—0.2
Chromium 1340 4-70
Lead 6870 34-85

chromium [1340 ng], lead [6870 ng], nickel [990 ng] and
beryllium [65 ng]) [2,10,12,13,27—-29].

Spirometric measurements

Unlike the majority of other studies [8,32,34,35], we mea-
sured static lung volumes.

Contrary to the study by Kiter et al. [8] that used the old
definitions [63], we applied the recent international defi-
nitions based on a confidence interval of 95% [41]. When
interpreting the spirometry data, we compared the val-
ues measured with the reference values established in a
““normal’’ population and thus standardized according to
factors determining lung size [64]. Values outside the confi-
dence interval of 95% were considered to be ‘‘abnormal’’
[64,65].

Limitations of this study

The International Classification of Functioning, Disability
and Health specifies three development stages, each requir-
ing assessment with one of more specific examinations:
impairment, disability and social disadvantage [66].

In this study, we only evaluated impairment. We anal-
ysed the effects of narghile use on the respiratory system
using only the VV as markers. However, there are other
markers such as measurement of CO in expired air,
or carboxyhaemoglobinemia, or the study of respiratory
mucociliary clearance [32,67,68]. It has been demonstrated
that narghile smokers have a high end-expiratory CO level
[67], and, compared with cigarette smokers and non-
smokers, have a higher carboxyheamoglobin level (10, 6
and 2% respectively) [68], and show a decline in mucocil-
iary clearance rate [32]. Completion of the evaluation with

a bronchial reversibility test and/or measurement of DLCO
would also have been useful. The reversibility test was
not performed because it was difficult to ask a volunteer
who thought he was ‘‘healthy’’ to inhale a bronchodila-
tor. DLCO was not measured. In the absence of correction
for haemoglobin and carboxyhaemoglobin values, the DLCO
results would have been distorted [41,67—69]. Similarly, it
would have been useful to perform, as part of an evalua-
tion of disability and handicap, a six-minute walk test, and
a quality of life questionnaire. These evaluations are part of
future prospects for our team.

In this study, we focused only on the purely functional
aspects of narghile use. However, narghile smokers may
complain of some clinical signs such as dyspnoea or wheez-

ing.
Discussion of the results

The harmful effects or narghile use on ventilatory func-
tion highlighted in this study are part of a more general
phenomenon. This use is often associated with several dis-
eases [14—26,32]: bronchopulmonary, oral, gastrointestinal
and bladder cancer, tuberculosis, chromosomal aberrations,
atherosclerosis and coronary heart disease and impaired
mucociliary clearance.

Comparison of VV measured with reference values

In comparison with the reference values, the forced expira-
tory flows of narghile smokers were significantly decreased
(Table 1). The results of key studies analyzing VV exclusively
in narghile smokers are presented in Table 4.

In comparison with expiratory flow rates in non-smokers,
Kiter et al. [8] only found a significant decrease in PEFR.
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Table 4 Values of ventilatory variables (VV) for this study and published studies.

vva This study Kiter et al. [8] Koseoglu Zahran and Bayindir Altinisik
et al. [32] Baig [42] et al. [34] et al. [35]

FvC 97 + 12 94 +27 102 £17 Not mentioned Not measured Not decreased

FEV, 94 + 12° 87+19 106 =19

PEFR 87 + 15° 66 423 95+ 21 Decreased®

PEF;5y 81 + 32° 71+£26 Not mentioned Not measured

PEF sy, 92 + 23° 79 £28

PEF ;55 89 + 19P Not mentioned

MMEF 87 + 21° 79 +26 97 +27 Decreased®

FEV,/FVC 100 + 12 98 +13 82+5 Decreased®

SvC 87 + 13 Not measured Not measured Not measured Not measured Not

measured

FRC 114 + 48P

TLC 104 &+ 24

RV 132 + 50°

FEV;/SVC 95 + 12°

RV/TLC 117 £ 39°

FRC/TLC 101 & 20

For abbreviations, see abbreviations list.

a Expressed in percentage of their reference values (means =+ standard deviations).

b Statistically significant decrease.

They also showed that narghile smokers, compared to
cigarette smokers, had a significantly greater decrease in
FEV:, PEFso%, MMEF, and FEV,/FVC ratio [8]. For Zahran and
Baig [42], the significant decrease in FEV;{/FVC ratio and
MMEF was the result of small airways obstruction. Two Turk-
ish studies, performed on two small samples and presented
at international conferences, showed results different from
ours [34,35]. In a study of 595 Saudis, average VC, FVC and
FEV; were lower in narghile smokers compared to cigarette
smokers [33].

The increase in lung volumes indicates a trend towards
SHI (Table 1). To the best of our knowledge, this result has
never been shown before.

Number of subjects with ventilatory defects
(Table 2, Fig. 3)

Contrary to some studies [32,35—37], in which no narghile
smokers showed respiratory function impairment, in our
study no subject had strictly normal spirometry.

Only 6% of narghile smokers had proximal OVD, and thus
probably presented COPD. This percentage is close to that
found by Kiter et al. [8], thus supporting the idea that COPD
post-narghile is rare. However, this percentage is lower than
that described in unpublished studies on exclusive narghile
smokers [26,70] or on cigarette smokers. Indeed, using a
spirometric definition, the percentage of cigarette smokers
with proximal OVD varies from 8 to 11% [71,72].

Distal OVD varied from 7% (FVC >N and PEF;s% < N) to 36%
(SHI) (Table 2). On the one hand, our results are different
from those of Kiter et al. [8]. Kiter et al. found that distal
OVD is uncommon in narghile smokers compared to cigarette
smokers. They concluded that narghile use did not deteri-
orate respiratory function as severely as cigarette use [8].
They explained this by the following three facts:

¢ intermittent narghile use enables repair of small airways
between two periods of inflammation;

¢ narghile smoke, because of the type of use, does not reach
the deep airways;

¢ narghile smoke, because of the phenomenon of water fil-
tration, is less harmful to the lungs [8].

On the other hand, our results are similar to those
obtained in cigarette smokers: 15—20% develop distal OVD
[73]. As in cigarette smokers, we believe that the distal
OVD is the consequence of chronic inflammatory lesions with
remodeling of bronchiolar mucosa [73].

Fourteen per cent of narghile smokers had RVD. This
result, rarely observed in cigarette smokers, cannot be
explained by the inclusion in our study of obese subjects.
Indeed, it is known that impaired respiratory function only
appears in cases of severe or massive obesity without any
proven pulmonary disease [59]. Moreover, in our total sam-
ple, only 3% of the subjects presented severe obesity. The
average BMI of these 15 smokers was 29 +5kgm~2 and only
five of these 15 smokers had a BMI greater than 30 kgm~2.
The hypothesis of obesity as the origin of the RVD can thus be
ruled out. This RVD could perhaps be explained by the par-
ticular composition of narghile smoke. This smoke is rich in
heavy metals such as lead, arsenic and nickel [13] known to
be risk factors for lung cancer [14—17]. A study performed
in India showed that 22 men in 25 followed for bronchial
carcinoma were narghile smokers [14]. In addition, chronic
exposure to low levels of heavy metals can cause fibrosis and
pneumoconiosis [74].

Relationships between the VV and narghile use
(Fig. 4)

Contrary to the study by Kiter et al. [8], which had not
found any significant correlation between narghile use and
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PEFRs, we found that peak expiratory flows, except for
PEF;s5 diminished with increased narghile use (Fig. 4). This
negative correlation (Fig. 4 A, r=—0.31; P=0.001 between
FEV, and quantity of narghile use expressed in kg) is
similar to that observed in cigarette smokers (r=—0.50;
P <0.05; for FEV, and cigarette use expressed in pack-years)
[8]. Kiter et al. [8] explained the absence of correla-
tion as a problem with quantification of narghile use and
advised that the results should be interpreted with extreme
caution.

FRC (Fig. 4F) and RV (Fig. 4G) increased with increas-
ing narghile use, again indicating a trend towards
SHI.

Estimated lung age

One of the major results of this study was that narghile use
accelerated lung ageing: estimated lung age was higher than
chronological age (48 18 years vs. 34+ 10 years; P<0.05).
This effect, reported by Al-Fayez et al. [33] in 1988: ‘‘water-
pipe smokers were at greater risk than cigarette smokers
for decreased pulmonary function’’, was confirmed in 2007
by Lipkus et al. [75] in cigarette smokers. Lipkus et al.
showed that estimated lung age was greater than chrono-
logical age in cigarette smokers (35+16 years vs. 20+ 1
years). Our results can be used to encourage smoking cessa-
tion [51].

How can the harmful effects of narghile use on
lung function be explained?

As in cigarette smokers [76,77], the answer to this question
requires the study of bronchial biopsies, induced spu-
tum samples, bronchoalveolar washings and assays. To the
best of our knowledge, in narghile smokers, these explo-
rations are rarely performed. It is known that narghile
use is associated with biochemical changes in bronchoalve-
olar lavage fluid [78]. Similarly, there is evidence that
narghile smokers, compared with non-smokers, have very
high free radical levels, increased anion superoxide pro-
duction, higher leucocyte counts, and a high plasma
prostaglandin 8-epi-PGF2a level [2,30,31]. This indicates
the presence of greater oxidative stress in regular narghile
smokers. These changes can cause lung tissue lesions and
thus play a role in the pathogenesis of ventilatory deficits
[30,31].

In conclusion, the spirometric profile of exclusive
narghile smokers are deteriorated, in particular with the
presence of distal OVDs, SHI and acceleration of lung age-
ing. To the best of our knowledge, this is the first study
to objectively establish, and according to recent interna-
tional recommendations, the spirometric profile of exclusive
narghile smokers. This study thus provides the public health
authorities with valid arguments to fight this ever-spreading
scourge on society, which increasingly involves adolescents
and women.
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