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COPD as the fourth leading cause of mortality in the 
United States.  4   

 The causal relationship between long-term ciga-
rette smoking and COPD is clearly established,  5-7   

     COPD is a preventable and treatable disease char-
acterized by an abnormal infl ammatory response 

of the lung to noxious particles or gases (eg, tobacco) 
leading to a progressive and nonreversible airfl ow 
obstruction.  1,2   COPD has become a leading cause 

of mortality and morbidity throughout the world. 
The Global Burden of Disease study has projected 
that it will become the third leading cause of death 
by 2020.  3   The World Health Organization classifi es 

  Background:    Although common in many Middle Eastern countries, water-pipe tobacco smoking, 
commonly known as water-pipe smoking (WPS), is increasingly popular in Western cultures. The 
primary objective of this study was to systematically review the effects of WPS on lung function. 
The secondary objective was to compare the effects of WPS and cigarette smoking on lung 
function. 
  Methods:    We conducted a systematic review using the approach of the Cochrane Collaboration 
to search for, select, and abstract studies. We conducted two separate meta-analyses comparing 
water-pipe smokers with nonsmokers, and water-pipe smokers with cigarette smokers for each of 
three spirometric measurements (FEV 1 , FVC, and FEV 1 / FVC). We used the standardized mean 
difference (SMD) to pool the results. 
  Results:    Six cross-sectional studies were eligible for this review. Compared with no smoking, 
WPS was associated with a statistically signifi cant reduction in FEV 1  (SMD  5   2 0.43; 95% CI, 
 2 0.58 to  2 0.29; equivalent to a 4.04% lower FEV 1 %), a trend toward lower FVC (SMD  5   2 0.15; 
95% CI,  2 0.34 to 0.04; equivalent to a 1.38% reduction in FVC%), and lower FEV 1 / FVC 
(SMD  5   2 0.46; 95% CI,  2 0.93 to 0.01; equivalent to a 3.08% lower FEV 1 / FVC). Comparing WPS with 
cigarette smoking, there was no statistically signifi cant difference in FEV 1 , FVC, and FEV 1 / FVC. 
The six studies suffered from methodologic limitations. 
  Conclusions:    WPS negatively affects lung function and may be as harmful as cigarette smoking. 
WPS, therefore, is likely to be a cause of COPD.  CHEST 2011; 139(4):764–774 

  Abbreviations:  GRADE  5  Grading of Recommendations Assessment, Development and Evaluation; SMD  5  standardized 
mean difference; WPS  5  water-pipe smoking 
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 Data Abstraction 

 One reviewer abstracted data from each eligible study using 
a standardized and pilot-tested data abstraction form. A second 
reviewer verifi ed data abstraction. They resolved disagreements 
with the help of a third reviewer. The abstracted data included 
information about: 

 1. Study design and funding; 
 2. Population: setting and period, and participants’ characteristics; 
 3. Exposure: type, measurement tool, and exposure levels of 

participants; 
 4. Outcomes: measurement tool and blinding of outcome 

adjudicator; 
 5. Methodologic features: selection method, information col-

lection (measurement of exposure and outcome), handling 
of confounding, participation rate, and rate of complete 
data; 

 6. Statistical results. 

 We collected data separately for the three different exposure 
groups (water-pipe smokers, cigarette smokers, nonsmokers). 
FEV 1 , FVC, and FEV 1 /FVC were calculated as percentages of pre-
dicted values and reported at the group level as mean and SD of 
these percentages. 

 Data Analysis 

 We calculated the  k  statistic to evaluate the agreement between 
the two reviewers assessing full texts for eligibility. For each of the 
three spirometric measurements (FEV 1 , FVC, and FEV 1 /FVC), 

with cigarette smoking being the single most impor-
tant risk factor.  6   A recent systematic review showed 
that the prevalence of COPD is highest among male 
smokers who are  .  40 years old.  8   

 Water-pipe smoking (WPS) is a form of tobacco 
consumption that is increasing on a global level at 
a remarkable pace (see e-Appendix 1 and  Fig 1   
for further details on WPS).  9   The American Lung 
Association has described it as an “emerging deadly 
trend.”  10   In fact, a recent systematic review found 
WPS to be possibly associated with lung cancer, 
esophageal cancer, low birth weight, and periodontal 
diseases.  11   

 The above-referenced systematic review identifi ed 
no study assessing the association of WPS with air-
ways diseases in general or COPD in particular. There 
are, however, published studies assessing the associa-
tion of WPS with lung function measurements. Some 
of these measurements (ie, FEV 1 , FVC, FEV 1 /FVC) 
are considered valid surrogate measures of COPD.  12   
In the absence of data on clinical disease, data on 
such surrogates may be useful for both clinical and 
research purposes. Thus, the primary objective of 
this study was to systematically review the effects of 
WPS on lung function. The secondary objective was 
to compare the effects of WPS and cigarette smoking 
on lung function. 

 Materials and Methods 

 Eligibility Criteria 

 We included studies that assessed the association between 
water-pipe tobacco use and lung function. Eligible studies had 
to include a group of individuals smoking a water pipe exclu-
sively. They also had to include at least one of the following: 
(1) a group of nonsmokers, (2) a group of individuals practicing 
exclusively cigarette smoking. Our outcomes of interest were 
the following three spirometric measurements: FEV 1 , FVC, and 
FEV 1 /FVC. 

 Search Strategy 

 In June 2008, we searched the following electronic databases 
starting with their dates of inception: MEDLINE, EMBASE, and 
ISI the Web of Science. e-Appendix 2 provides the detailed search 
strategies. We also reviewed the reference lists of included and 
other relevant papers and used the Related Articles function in 
PubMed and applied no language restrictions. 

 Selection Process 

 Two reviewers independently screened titles and abstracts 
resulting from the search using a standardized screening guide. 
We obtained the full text of citations considered as potentially eli-
gible by at least one of the two reviewers. Next, the two reviewers 
independently screened the full texts for eligibility using a stan-
dardized and pilot tested form. Disagreements were resolved by 
discussion or by a third reviewer.   Figure  1. Annotated fi gure of a water-pipe device.   
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as passive smokers in two of the studies.  19,21   All but 
one study included a group of cigarette smokers.  19   
All studies reported spirometric measurements. 
Countries in which the studies were conducted were 
Turkey (n  5  3), Kuwait (n  5  1), Saudi Arabia (n  5  1), 
and Syria (n  5  1). 

 Methodologic Quality of Included Studies 

 The six included studies were cross-sectional and 
suffered from a number of methodologic limitations. 
All the studies used an objective outcome evalua-
tion (measurement by spirometry). Authors calcu-
lated the percent predicted spirometric values using 
the Communité Europeenne du Carbon e de l’Acier 
method in two studies,  17,20   and the Knudson and 
Hankinson methods in one study.  21   The remaining 
studies did not report any method.  16,18,19   None of the 
studies reported using a standardized exposure assess-
ment tool. Selection of subjects was either done by 
visiting local coffee shops,  16,17,21   by volunteer recruit-
ment,  18,19   or by a fi eld survey.  20   Only one study reported 
handling confounding by matching for gender  17  ; two 
other studies reported no difference between mean age 
for the groups involved.  19,21   Only one study reported 
blinding of outcome adjudicator,  16   and only one study 
reported the percentages of participation (88%) and 
complete data (96%).  20   

we conducted two separate meta-analyses comparing water-pipe 
smokers with nonsmokers and water-pipe smokers with cigarette 
smokers. Because the populations and lung function measures 
differed across studies, we fi rst calculated the standardized 
mean difference (SMD) and 95% CI for each outcome in the indi-
vidual studies. The SMD expresses a measurement in standard 
units rather than the original units of measurement. We then 
pooled the SMDs across studies using a random effects model. 
In a sensitivity analysis, we excluded studies in which the non-
smokers were described as passive smokers. We translated the 
pooled SMD back into mean differences using the standard devi-
ation for the respective spirometric outcomes derived from the 
National Health and Nutrition Examination Survey (NHANES) III 
data.  13   

 We tested results for homogeneity across studies using the I 2  
test  14   and used the following interpretation of the value of I 2 : 
0 to 50  5  low, 50 to 80  5  moderate and worthy of investigation, 
80 to 100  5  severe and worthy of understanding, 95 to 100  5  aggre-
gate with major caution (Julian Higgins, PhD, personal communi-
cation). We rated the overall quality of evidence using the 
Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) approach.  15   

 Results 

 Description of Included Studies 

  Figure 2   shows the study fl ow. Of 1,658 identifi ed 
citations, we included six studies ( Table 1  )  16-21   One 
study reported results separately for men and women.  18   
All studies included a group of nonsmokers, described 

  Figure  2. Study fl ow diagram.   
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 WPS Compared With Nonsmoking 

 The pooled SMD for FEV 1  was  2 0.43 (95% CI, 
 2 0.58 to  2 0.29; I 2   5  24%) equivalent to a 4.04% 
lower FEV 1 % value in the water-pipe group ( Fig 3  ). 
In the sensitivity analysis excluding studies in which 
the nonsmokers were described as passive smokers, 
the pooled SMD remained statistically signifi cant at 
 2 0.46 (95% CI,  2 0.60 to  2 0.31; I 2   5  21%). The SMD 
for FVC was  2 0.15 (95% CI,  2 0.34 to 0.04; I 2   5  0%), 
equivalent to a 1.38% reduction in FVC% in the 
water-pipe group ( Fig 4  ). In the sensitivity analysis, 
the pooled SMD was  2 0.19 (95% CI,  2 0.40 to 0.01; 
I 2   5  0%). The SMD for FEV 1 /FVC was  2 0.46 (95% CI, 
 2 0.93 to 0.01; I 2   5  92%), suggesting a lower per-
cent predicted value in the water-pipe group, by 
3.08% ( Fig 5  ). In the sensitivity analysis, the pooled 
mean difference was  2 0.51 (95% CI,  2 1.06 to 0.05; 
I 2   5  94%). The GRADE overall quality of evidence 
for FEV 1  was moderate; it was downgraded secondary 
to study limitations. 

 WPS Compared With Cigarette Smoking 

 The pooled SMD for FEV 1  between the two groups 
was 0.20 (95% CI.  2 0.15 to 0.55; I 2   5  87%), which 
translates into a nonsignifi cantly lower FEV 1 % by 
1.88% in the cigarette smoking group ( Fig 6  ). The 
SMD for FVC between the two groups was 0.27 (95% 
CI, 0.09-0.44; I 2   5  83%), which translates into a signifi -
cantly lower percentage predicted value in the ciga-
rette smoking group, by 2.48% ( Fig 7  ). The SMD in 
FEV 1 /FVC between the two groups was 0.22 (95% CI, 
 2 0.29 to 0.73; I 2   5  94%), suggesting a nonsignifi -
cantly lower percentage predicted value (1.47%) in the 
water-pipe group ( Fig 8  ). The GRADE overall quality 
of evidence for FEV 1  was low; it was downgraded 
secondary to study limitations and imprecision. 

 Association Between the Duration 
of WPS and Lung Function 

 Four studies reporting on the association between 
the duration of WPS and lung function had mixed 
results. Two studies reported no correlation between 
the duration of WPS and the decline in FEV 1 .  16,17   
The other two studies reported an association; one 
found a marked decline in FEV 1  and FEV 1 /FVC when 
comparing heavy smokers ( .  2 water pipe/d) with 
light smokers (1-2 water pipe/d), whereas the other 
reported a negative correlation for cumulative quan-
tity of WPS with FEV 1 , FVC, and FEV 1 /FVC. 

 Discussion 

 We systematically reviewed the scientifi c literature 
for the effects of WPS on lung function. Compared 
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smoking patterns, frequency and lengths of smoking 
sessions, the type and quality of tobacco used for 
both WPS and cigarette smoking). This is particu-
larly problematic given the potential variability in 
exposure. Finally, all but two studies failed to distin-
guish passive smokers from nonsmokers for expo-
sure to WPS or cigarette smoking. However, the 
results of sensitivity analyses excluding these two 
studies were consistent with the results of the main 
analyses. 

 The association between WPS and reduction in 
FEV 1  is not only statistically signifi cant but also of 
potential clinical relevance. We can assess the clinical 
relevance comparing the effect size to the minimal 
important difference, defi ned as “the smallest differ-
ence in score in the outcome of interest that informed 
patients or informed proxies perceive as important, 
either benefi cial or harmful, and which would lead the 
patient or clinician to consider a change in manage-
ment.” It has been suggested that the minimal impor-
tant difference for FEV 1  is in the range of 100 to 
140 mL.  22   The mean difference in our study was 
estimated to be around 4%, which approximates to 
173 mL for a 40-year-old white man of 180 cm height. 
Therefore, the reduction of FEV 1  associated with 
WPS is clinically relevant. 

 The association of WPS with a signifi cant reduc-
tion in FEV 1  suggests its implication as a risk factor 
for obstructive disease. This is consistent with the 
fi nding of a trend toward reduction in FVC and 
FEV 1 /FVC among water-pipe smokers. The lack of 
statistical signifi cance for these reductions is likely 
due to the lack of statistical power. Taken together, 

with no smoking, WPS was associated with a statisti-
cally signifi cant reduction of FEV 1  and a trend toward 
lower FVC and FEV 1 /FVC. The quality of evidence 
is moderate (ie, further research is likely to have an 
important impact on our confi dence in the estimate 
of effect and may change the estimate).  15   There were 
no statistically signifi cant differences in FEV 1  and 
FEV 1 /FVC between water-pipe smokers and cigarette 
smokers. The quality of evidence was low (ie, further 
research is very likely to have an important impact 
on our confi dence in the estimate of effect and is 
likely to change the estimate).  15   

 Our study has a number of strengths. First, we 
used the comprehensive approach of Cochrane Col-
laboration for conducting systematic reviews, includ-
ing a very sensitive search strategy, a duplicate and 
independent selection and data abstraction processes, 
and a rigorous evaluation of study methodological 
quality. Also, by pooling results across studies we 
were able to obtain relatively precise estimates of 
the outcomes of interest. Last, this is the fi rst meta-
analysis, to our knowledge, that assesses the associa-
tion of WPS with lung function. 

 The study also has a number of limitations. 
Although the primary objective of this study was to 
assess the effects of WPS on lung function, the avail-
able data from cross-sectional studies provide evi-
dence for an association but does not establish 
causality. Our confi dence in the results of the meta-
analysis is reduced by the methodologic limitations 
of the included individual studies. Indeed, none 
of the studies used a standardized tool to measure 
the degree of exposures of interest (eg, in terms of 

  Figure  3. Comparison of FEV 1  in water-pipe smokers and nonsmokers. Al Fayez 1988 A includes only the male participants; Al Fayez 
1988 B includes only the female participants. IV  5  inverse variance; Std  5  standard.   

  Figure  4. Comparison of FVC in water-pipe smokers and nonsmokers. See Figure 3 legend for expansion of abbreviations.   
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however, these fi ndings suggest a possible role of WPS 
in the development of COPD. 

 There is additional evidence of the implication of 
WPS in COPD. Two studies using questionnaires 
adapted from the Medical Research Council  16   and 
the European Coal and Steel Community  20   on the 
symptoms of chronic bronchitis identifi ed statisti-
cally signifi cant higher number of positive responses 
in water-pipe smokers than in cigarette smokers. In 
the fi rst study, symptoms of chronic bronchitis were 
identifi ed in 11.75% of water-pipe smokers, as com-
pared with 9.5% of cigarette smokers, and 0% in non-
smokers.  16   In the second study, chronic bronchitis was 
found to be more prevalent in water-pipe smokers 
than cigarette smokers for cumu lative quantity and 
duration.  20   Despite the limited available data, these 
results help add up to the evidence of the risk of devel-
opment of COPD in water-pipe smokers. 

 Although the results of FEV 1  and FEV 1 /FVC com-
paring WPS to cigarette smoking show no statistical 
difference, they suffered from a high level of hetero-
geneity. The most likely explanation for this hetero-
geneity is the variation of levels of exposure to the 
two forms of smoking. Although the effect on lung 
function is associated with the levels of exposure to 
cigarette smoking and (likely) WPS, the degree of 
exposure was not measured. It is also possible that 
that the lack of observed difference between water-
pipe smokers and cigarette smokers may be because 
of inadequate power. 

  Figure  5. Comparison of FEV 1 /FVC in water-pipe smokers and nonsmokers. Al Fayez 1988 A includes only the male participants; 
Al Fayez 1988 B includes only the female participants. See Figure 3 legend for expansion of abbreviations.   

  Figure  6. Comparison of FEV 1  in water-pipe smokers and cigarette smokers. Al Fayez 1988 A includes only the male participants; 
Al Fayez 1988 B includes only the female participants. See Figure 3 legend for expansion of abbreviations.   

 Some authors have hypothesized a less important 
effect of WPS compared with cigarette smoking on 
lung function based on a number of assumptions: the 
inability of smoke to reach the lower airways because 
of the smoking pattern and because of the fi ltration of 
smoke by the water and a better healing of small air-
way infl ammation because of intermittent nature of 
smoking.  17,19   Our study found no statistically signifi -
cant difference in FEV 1  and FEV 1 /FVC between the 
two forms of smoking. Indeed, recent evidence has 
shown that water does not signifi cantly fi lter out 
the nicotinic products produced by WPS.  23   Also, 
water-pipe smokers have an elevation in the level 
of parameters of oxidation injury and a decreased 
total antioxidant activity.  24,25   The resulting oxidative 
stress is believed to play an important role in the 
pathogenesis of COPD.  1   

 Conclusions 

 Implications for Public Health Policy 

 This study adds to the rapidly growing evidence of 
the association of WPS with deleterious health out-
comes,  11   which has very important implications for 
both clinical and public health practice. Spirometry 
performance might give the clinician an opportunity 
to convince smokers to quit.  26   More importantly, our 
study supplies the physician with data they might use 
in counseling patients about the deleterious effect of 
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