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Abstract

Narghile use has regained popularity throughout the world. Public opinion misjudges its chronic harmful effects
on health, especially on the cardiovascular system. This systematic review aimed to evaluate the chronic effects of
narghile use on cardiovascular response during exercise. It followed the preferred reporting items for systematic
reviews guidelines. Original articles from PubMed and Scopus published until January 31, 2020, written in English, and
tackling the chronic effects of narghile use on human cardiovascular response during exercise were considered. Five
studies met the inclusion criteria. Only males were included in these studies. They were published between 2014 and
2017 by teams from Tunisia (n = 4) and Jordan (n = |). One study applied the 6-min walk test, and four studies opted
for the cardiopulmonary exercise test. Narghile use was associated with reduced submaximal (e.g., lower 6-min walk
distance) and maximal aerobic capacities (e.g., lower maximal oxygen uptake) with abnormal cardiovascular status at
rest (e.g., increase in heart rate and blood pressures), at the end of the exercise (e.g., lower heart rate, tendency to
chronotropic insufficiency) and during the recovery period (e.g., lower recovery index). To conclude, chronic narghile
use has negative effects on cardiovascular response to exercise with reduced submaximal and maximal exercise

capacities.
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Cigarette smoking is a public health problem, associated
with an increased risk of cardiovascular diseases (CVDs),
chronic obstructive pulmonary diseases, cancers, and
mortality (Qasim et al., 2019; Taghizadeh et al., 2016).
Public health policies have been successfully imple-
mented to reduce cigarette smoking in many countries
(WHO, 2015). Faced with the cigarette-oriented control
policies (WHO, 2015), narghile use—another old form
of tobacco—has been flourishing and regaining popular-
ity worldwide (Pratiti & Mukherjee, 2019; WHO, 2015),
thus becoming an emerging and alarming public health
threat (Ben Saad, 2009, 2010; Bou Fakhreddine et al.,
2014; Chaouachi, 2009; El-Zaatari et al., 2015; Pratiti &
Mukherjee, 2019; Waziry et al., 2017; WHO, 2015).
Prevalence of narghile use has increased, and it is the
highest in the Eastern Mediterranean Region (WHO,
2015). Moreover, in some countries, prevalence of

narghile use has increased, becoming higher than ciga-
rette smoking in certain subgroups (WHO, 2015). Public
opinion misjudges the harmful effects of narghile use
(Pratiti & Mukherjee, 2019; WHO, 2015). The latter is
considered “safer” than cigarette smoking by the general
public (Pratiti & Mukherjee, 2019; WHO, 2015),
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although this smoking mode has been reported to be
associated with several adverse health effects, including
numerous systems (e.g., cardiorespiratory, hematologi-
cal, reproductive, and metabolic systems) (Ben Saad,
2010; Ben Saad et al., 2011; Bou Fakhreddine et al.,
2014; El-Zaatari et al., 2015; Waziry et al., 2017). Among
the deleterious effects of narghile use, CVDs are promi-
nent and are a leading cause of death in smokers (Al
Suwaidi et al., 2012; Bhatnagar et al., 2019; Pratiti &
Mukherjee, 2019; Rezk-Hanna & Benowitz, 2019; Selim
et al., 2013; Sibai et al., 2014). Since narghile tobacco
smoke contains constituents, “similar” to those gener-
ated by cigarettes (Ben Saad, 2009), narghile use could
lead to similar central and/or peripheral cardiovascular
abnormalities (Alomari et al., 2014; Ben Saad, 2009;
Bhatnagar et al., 2019; Rezk-Hanna & Benowitz, 2019).
Several studies have been interested in the effects of
narghile use on the cardiovascular system at rest
(Al-Kubati et al., 2006; Alomari et al., 2014, 2015; Al
Suwaidi et al., 2012; Bentur et al., 2014; Bhatnagar et al.,
2019; Cobb et al., 2012; El-Zaatari et al., 2015; Hawari
et al., 2013; Nelson et al., 2016; Pratiti & Mukherjee,
2019; Rezk-Hanna & Benowitz, 2019; Selim et al., 2013;
Shaikh et al., 2008; Sibai et al., 2014). These studies
reported an association of short- and long-term narghile
use with increased CVDs risk and severity as well as
mortality (Al-Kubati et al., 2006; Alomari et al., 2014,
2015; Al Suwaidi et al., 2012; Bhatnagar et al., 2019;
Cobb et al., 2012; Hawari et al., 2013; Nelson et al.,
2016; Rezk-Hanna & Benowitz, 2019; Selim et al., 2013;
Shaikh et al., 2008; Sibai et al., 2014). Short-term
narghile use affects the heart rate (HR), blood pressure,
baroreflex sensitivity, tissue oxygenation, and vascular
function (Al-Kubati et al., 2006; Alomari et al., 2014,
2015; Bhatnagar et al., 2019; Cobb et al., 2012; Hawari
et al., 2013; Nelson et al., 2016; Shaikh et al., 2008).
First, narghile use induces an immediate and transient
increase in HR, and systolic and diastolic blood pressure
(SBP and DBP, respectively) (Al-Kubati et al., 2006;
Alomari et al., 2014; Bentur et al., 2014; El-Zaatari et al.,
2015; Pratiti & Mukherjee, 2019; Shaikh et al., 2008),
and a decrease in HR variability (Cobb et al., 2012).
Second, narghile use affects vascular function (Alomari
et al., 2014, 2015), vascular resistance (Alomari et al.,
2014), forearm blood flow (Alomari et al., 2014), and
venous outflow (Alomari et al., 2014). Third, narghile
use induces an increase in myocardial oxygen demand
(Nelson et al., 2016). Long-term narghile use has been
associated with cardiovascular abnormality (Al Suwaidi
et al.,, 2012; Selim et al., 2013; Shafique et al., 2012;
Sibai et al., 2014). Compared to non-smokers, narghile
smokers had higher HR and blood pressure (Selim et al.,
2013; Shafique et al., 2012), including increased risks of

hypertension (Shafique et al., 2012) or coronary artery
diseases (Al Suwaidi et al., 2012; Selim et al., 2013;
Sibai et al., 2014). Since exploring the chronic effects of
narghile use at rest may fail to demonstrate its real impact
on cardiovascular function, some authors have tested its
chronic effects on exercise capacity measures. Exploring
the physiological response during exercise may detect
subtler effects that can emerge only during stressful/
dynamic conditions of narghile use on the cardiovascular
system (ATS/ACCP, 2003).

To the finest of the authors’ knowledge, no previous
review has raised the issue of the chronic effects of
narghile use on cardiovascular response during exercise.
Therefore, this systematic review aimed at assessing the
most up-to-date published literature in order to evaluate
the chronic effects of narghile use on cardiovascular
response during exercise.

Methods
Protocol and Eligibility Criteria

This systematic review followed the preferred reporting
items for systematic reviews guidelines (Moher et al.,
2009). Original articles written in English and evaluating
the chronic effects of narghile use on cardiovascular
response during exercise were considered. No restrictions
were applied in terms of study design, setting, country, or
time frame. Publications not in compliance with this sys-
tematic review purpose as well as those not representing
original research (i.e., reviews, editorials, qualitative
papers, case reports, case-series, and letters to editors)
were excluded.

Information Sources and Search

PubMed and Scopus were searched irrespective of time
limits or filters. The final search was completed on
January 31, 2020. For PubMed, the search was carried
out using a strategy employing the combination of syn-
onyms of “narghile” and terms related to “exercise”
(Box 1). For Scopus, the previous terms were searched
in the article title or abstract or keywords. Only studies
performed on humans were included. In addition, the
reference lists of the included articles were checked.
Both authors of this review agreed on the articles to be
included in this systematic review. All the aspects of
systematic review methods were specified before com-
mencing the review. The aspects comprised the follow-
ing points: studies’ inclusion criteria, search strategy,
screening method, abstraction, and data analysis. The
design aspect was planned to minimize the effects of a
possible bias.
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Box |. Terms applied in the present systematic review.

Terms related to “exercise”

Terms related to

Synonyms of “narghile” “walk test”

Terms related to
“cardiopulmonary
exercise test”

Others

Arghileh[Tiab] OR
Argil[Tiab] OR
Argileh[Tiab] OR
Borry[Tiab] OR
Chicha[Tiab] OR
Chichi[Tiab] OR
Chilam[Tiab] OR
Ghelyan[Tiab] OR
Goza[Tiab] OR
Guza[Tiab] OR
Hooka[Tiab] OR
Hookah[Tiab] OR

Hubble Bubble[Tiab]
OR Hubble-
Bubble[Tiab] OR
Hukka[Tiab] OR
Huqqa[Tiab] OR
Narghile[Tiab] OR
Narguile[Tiab] OR
Narguilé[Tiab] OR
Narguileh[Tiab] OR
Sheesha[Tiab] OR
Shisha[Tiab] OR

Water Pipe[Tiab] OR
Water-Pipe[Tiab] OR

Waterpipe[Tiab]

“Submaximal Exercise
capacity”’[Tiab] OR “Submaximal
Test”[Tiab] OR “Test 6 Minute
Walk”[Tiab] OR

“six minute walktest”[tiab] OR *“six
minutewalking distance”[tiab]

OR *“six-min walk distance”[tiab]
OR “six-min walktest”[tiab] OR
“six minute walk distance”[tiab]
OR “six-minute walk
distance”[tiab] OR “six-minute
walkingdistance”[tiab] OR
“six-minute walktest”[tiab] OR
“six-minute walk”[tiab] OR “Walk
Test”[MeSH] OR “walk test”[tiab]
OR

“walking”[MeSH] OR”6-min
walk distance”[tiab] OR “6-min
walk test”[tiab] OR “6-minute
walk test”[tiab] OR “6-minute
walk distance”[tiab] OR “6-min
walk”[tiab] OR

“6MWD[tiab] OR “6MWT"[tiab]

“Bicycle Ergometry
Test”[Tiab] OR

“Cardiopulmonary
Exercise Test”[Tiab]
OR “Cardiorespiratory
Fitness”[Tiab] OR

“Cardiopulmonary
Exercise Testing”[Tiab]
OR

“Exercise Testing”[Tiab]
OR

“Exercise Tests”[MeSH]
OR

“Fitness Testing”[Tiab]
OR

“Maximal Exercise
capacity”’[Tiab] OR

“Treadmill Test”[Tiab]
OR

“Physical Fitness
Testing”[Tiab]

“Cardiomegaly, Exercise-
Induced”’[Mesh] OR “Circuit-
Based Exercise”’[Mesh] OR

“Cool-Down Exercise”

[Mesh] OR

“Exercise Movement
Techniques”[Mesh] OR
“Exercise capacity”[Tiab] OR
“Exercise Therapy”

[Mesh] OR

“Exercise Tolerance”
[Mesh] OR

“Exercise”[Mesh] OR

“High-Intensity Interval
Training”[Mesh] OR “Muscle
Stretching Exercises”

[Mesh] OR

“Physical activity”’[Tiab] OR

“Plyometric Exercise”’[Mesh] OR

“Post-Exercise
Hypotension”’[Mesh] OR
“Resistance Training”

[Mesh] OR

“Warm-Up Exercise”
[Mesh] OR

“Training”[Tiab]

Study Selection

The process of article selection is outlined in Figure 1.
Duplicate articles were eliminated using End-Note X9
library. Articles were eliminated if they had duplicate titles,
did not contain the keywords, or included the words
“review,” “expert’s opinion,” or “qualitative.” Abstracts of
the remaining articles were scanned for the search terms
and the words “review,” “expert’s opinion,” and “qualita-
tive.” Full texts of the remaining articles were read to check
for their relevance to the searched topics. Next, the full texts
of the selected studies were screened, and disagreements
concerning eligibility were again resolved by consensus.

Data Collection Process

The two authors collected data independently, using a
pilot-tested extraction form and resolved disagreements
by consensus. The extracted data included the main meth-
odological characteristics of the articles: study data (years

of realization and publication, place, design, recruitment
mode, sample size calculation, inclusion, non-inclusion
and exclusion criteria, main collected data and outcomes,
applied protocols, statistical methods and comparison
with control groups, narghile use data [name, exclusive
character, starting age, years of smoking, types of
narghile-tobacco, way of quantification, levels of used
tobacco, gram of tobacco/narghile session, last narghile
use]) and participant data (number, age, sex). The
extracted data also included the articles’ main results.
Strengths as well as flaws associated with the studies’
methodology were discussed. The results were presented
in the context of all other available evidence.

Results

Study Selection

The search process yielded 64 articles (Figure 1). Seven
articles related to the chronic effects of narghile use on
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? Records identified through database searching (n=144)
'% PubMed (n=64), Scopus (n=80)
=
E ¥
= Records after duplicates removed (n=92)
=) Records screened by means of titles and abstracts
Z (n=92)
el
? Records excluded (n=82)
.Systematic/literature reviews (n=2)
) =—p | -EXpert’s opinion (n=1)
.Letter to editor (n=2)
.No key terms (n=77)
_— v
g Full-text articles assessed for eligibility (n=10)
w
) Records excluded (n=95)
- .Not related to the topic (n=3)
== | . Numerical data not reported or data
3 reported as improvement between
E before and after training program
2 (n=2)
)
Studies included in the systematic
review (n=5)

Figure 1. Process of article selection.

cardiovascular response during exercise were found (Ben
Saad et al., 2014; Hawari et al., 2017; Koubaa et al.,
2019; Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa,

Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki,
Trabelsi, et al., 2015a, 2015b). Screening of the seven
articles’ reference lists did not find any additional papers.
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Among the aforementioned seven papers, two were not
retained since data were expressed as improvement
between before and after training program (Koubaa et al.,
2019; Koubaa, Triki, Trabelsi, et al., 2015b). While the
authors of the first article reported no significant differ-
ence in global and cardiovascular responses between
narghile smokers, cigarette smokers, and healthy non-
smokers, without noting any numerical data (Koubaa,
Triki, Trabelsi, et al., 2015b), those of the second article
(Koubaa et al., 2019) did not compare the cardiovascular
data of the three groups (narghile smokers, cigarette
smokers, and healthy non-smokers). Table 1 exposes the
main methodological characteristics of the five retained
studies. Table 2 exposes the main results of the four stud-
ies opting for the use of a cardiopulmonary exercise test
(CPET) (Hawari et al., 2017; Koubaa, Triki, Trabelsi,
Baati, et al., 2015; Koubaa, Triki, Trabelsi, Masmoudi,
et al., 2015; Koubaa, Triki, Trabelsi, et al., 2015a).

Study Characteristics

The studies were published between 2014 and 2017
(Table 1). Four studies included Tunisian adults (Ben
Saad et al., 2014; Koubaa, Triki, Trabelsi, Baati, et al.,
2015; Koubaa, Triki, Trabelsi, Masmoudi, et al., 2015;
Koubaa, Triki, Trabelsi, et al., 2015a) and one included
Jordanian young adults (Hawari et al., 2017). All the
studies opted for a cross-sectional comparative design.
One study (Ben Saad et al., 2014) included two parts:
cross-sectional and comparative studies. Two studies
(Ben Saad et al., 2014; Hawari et al., 2017) included one
control group of healthy non-smokers. The remaining
three studies (Koubaa, Triki, Trabelsi, Baati, et al., 2015;
Koubaa, Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa,
Triki, Trabelsi, et al., 2015a) included two control groups
of healthy non-smokers and cigarette smokers (exclusive
cigarette smokers or not). No study opted to blind the
investigators and/or the technicians to the groups. All the
retained studies included convenience samples. The
narghile smokers’ recruitment method was not reported
in one study (Koubaa, Triki, Trabelsi, Masmoudi, et al.,
2015). In the remaining four studies, the following meth-
ods were applied to recruit narghile smokers: partici-
pants’ database in previous studies (Ben Saad et al.,
2014), announcement in newspapers (Ben Saad et al.,
2014) or universities (Hawari et al., 2017), and persons
from public function (Koubaa, Triki, Trabelsi, Baati,
et al., 2015; Koubaa, Triki, Trabelsi, et al., 2015a). The
control groups’ recruitment methods were reported only
in one study (i.e., local staff in a faculty or hospital and
acquaintances) (Ben Saad et al., 2014).

Only males were included in the retained studies. The
following additional inclusion criteria were applied to
narghile smokers: good health (Hawari et al., 2017,

Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa,
Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki,
Trabelsi, et al., 2015a), age range 20—-60 (Ben Saad et al.,
2014) or 18-26 (Hawari et al., 2017) years, narghile use
> 5 narghile-years (Ben Saad et al., 2014; Koubaa, Triki,
Trabelsi, Baati, et al., 2015; Koubaa, Triki, Trabelsi,
Masmoudi, et al., 2015; Koubaa, Triki, Trabelsi, et al.,
2015a) or >3 times/week for the past 3 years (Hawari
et al., 2017), and exclusive narghile-smoker traits (Ben
Saad et al., 2014; Hawari et al.,, 2017; Rostagno &
Gensini, 2008). The following non-inclusion and exclu-
sion criteria were applied: contraindications of the 6-min
walk test (60MWT) (Ben Saad et al., 2014), some chronic
(e.g., asthma [Ben Saad et al., 2014], mellitus diabetes
[Ben Saad et al., 2014], obesity [Hawari et al., 2017;
Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa,
Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki,
Trabelsi, et al., 2015a], dyslipidemia [Koubaa, Triki,
Trabelsi, Baati, et al., 2015; Koubaa, Triki, Trabelsi,
Masmoudi, et al., 2015; Koubaa, Triki, Trabelsi, et al.,
2015a], abnormal heart rhythm or HR [Hawari et al.,
2017], arterial hypertension [Hawari et al., 2017]) or
acute (e.g., recent respiratory infection [Ben Saad et al.,
2014]) conditions or symptoms (Ben Saad et al., 2014;
Hawari et al., 2017; Koubaa, Triki, Trabelsi, Baati, et al.,
2015; Koubaa, Triki, Trabelsi, Masmoudi, et al., 2015;
Koubaa, Triki, Trabelsi, et al., 2015a), diseases interfer-
ing with exercise (Ben Saad et al., 2014), chronic medi-
cations use (Ben Saad et al., 2014; Hawari et al., 2017;
Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa,
Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki,
Trabelsi, et al., 2015a), nutritional supplements use
(Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa,
Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki,
Trabelsi, et al., 2015a), lack of cooperation during tests
(Ben Saad et al., 2014), illicit drug use (Hawari et al.,
2017), non-approval of a cardiologist (Koubaa, Triki,
Trabelsi, Baati, et al., 2015; Koubaa, Triki, Trabelsi,
et al., 2015a), acute (e.g., strenuous exercise or activities
24 hr [Ben Saad et al., 2014] or 48 hr [Hawari et al.,
2017] prior to the visits) or chronic (e.g., regular physi-
cal activity or exercise program during the previous 12
months [Koubaa, Triki, Trabelsi, Baati, et al., 2015;
Koubaa, Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa,
Triki, Trabelsi, et al., 2015a]) exercise/activities, ventila-
tory obstructive defect (Koubaa, Triki, Trabelsi, et al.,
2015a), and resting oxyhemoglobin saturation (Oxy-sat)
<95% (Hawari et al., 2017).

Smoking Data

The name of the tobacco used for narghile was different
in the five studies: narghile (Ben Saad et al., 2014), hoo-
kah (Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa,
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Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki,
Trabelsi, et al., 2015a), and waterpipe (Hawari et al.,
2017) (Table 1). No study reported the starting age of
narghile use. Only one study reported the mean (mini-
mum-maximum) of smoking years (i.c., 4.9 [3-8] years
[Hawari et al., 2017]). Only one study reported the type
of narghile tobacco (i.e., Tabamel [Moassel] [Ben Saad
et al., 2014]). The quantification ways of narghile use
were different in the five studies: narghile-years (Ben
Saad et al., 2014), hookah-day (Koubaa, Triki, Trabelsi,
Baati, etal., 2015), hookah-years (Koubaa, Triki, Trabelsi,
Baati, et al., 2015; Koubaa, Triki, Trabelsi, Masmoudi,
etal., 2015; Koubaa, Triki, Trabelsi, et al., 2015a), heads-
week (Hawari et al., 2017), and kg of cumulated tobacco
(Ben Saad et al., 2014; Koubaa, Triki, Trabelsi, Baati,
et al., 2015; Koubaa, Triki, Trabelsi, Masmoudi, et al.,
2015; Koubaa, Triki, Trabelsi, et al., 2015a). The quantity
(in gram) of tobacco per narghile session was different in
the studies: 20-30 g (Ben Saad et al., 2014) or 10-25 g
(Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa,
Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki,
Trabelsi, et al., 2015a). The levels of narghile tobacco
used were large and different in the five studies: >5 hoo-
kah-years (Ben Saad et al., 2014; Koubaa, Triki, Trabelsi,
Baati, et al., 2015; Koubaa, Triki, Trabelsi, Masmoudi,
et al., 2015; Koubaa, Triki, Trabelsi, et al., 2015a), 5-145
narghile-years (Ben Saad et al., 2014), median of 17
narghile-years (Ben Saad et al., 2014), means of 46
narghile-years (Ben Saad et al., 2014) or 8.9 heads-week
(Hawari et al., 2017). The time of last narghile use was
reported only in two studies (Ben Saad et al., 2014;
Hawari et al., 2017). In the three studies involving ciga-
rette smokers, the amount of consumed tobacco was =10
pack-years (Koubaa, Triki, Trabelsi, Baati, et al., 2015;
Koubaa, Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa,
Triki, Trabelsi, et al., 2015a).

Participants’ Characteristics

Only one study calculated the needed sample size (Ben
Saad et al., 2014) (Table 1). The sample sizes of narghile
smokers, healthy non-smokers, and cigarette smokers
varied from 12 to 70, 12 to 69, and 11 to 15, respectively.
The total number of participants was 380 (179 narghile
smokers, 160 healthy non-smokers, and 41 cigarette
smokers). The ages of narghile smokers, healthy non-
smokers, and cigarette smokers varied from 19 to 60, 18
to 60, and 43 to 45 years, respectively.

Applied Tests

The applied tests were different in the five studies (Table 1).
One study applied a low tech test (i.e., a field test: 6MWT)
(Ben Saad et al., 2014). The four remaining studies opted

for a high tech test (i.e., CPET) (Hawari et al., 2017;
Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa, Triki,
Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki, Trabelsi,
et al., 2015a) using a treadmill (Koubaa, Triki, Trabelsi,
Baati, et al., 2015; Koubaa, Triki, Trabelsi, Masmoudi,
etal., 2015; Koubaa, Triki, Trabelsi, et al., 2015a) or a bicy-
cle ergometer (Hawari et al., 2017). The following data/
tests were reported/applied: anthropometric data (Ben Saad
et al., 2014; Hawari et al., 2017; Koubaa, Triki, Trabelsi,
Baati, et al., 2015; Koubaa, Triki, Trabelsi, Masmoudi,
et al., 2015; Koubaa, Triki, Trabelsi, et al., 2015a), clinical
data (Ben Saad et al., 2014), physical activity questionnaire
(Ben Saad et al., 2014), electrocardiogram (Ben Saad et al.,
2014), spirometry (Ben Saad et al., 2014; Koubaa, Triki,
Trabelsi, et al., 2015a), plethysmography (Hawari et al.,
2017), antioxidant markers (Koubaa, Triki, Trabelsi, Baati,
et al.,, 2015; Koubaa, Triki, Trabelsi, Masmoudi, et al.,
2015), and lipid blood data (Koubaa, Triki, Trabelsi, Baati,
et al.,, 2015; Koubaa, Triki, Trabelsi, Masmoudi, et al.,
2015).

Collected Data

During the 6MWT, the main outcome was the 6-min walk
distance (6MWD) (Ben Saad et al., 2014). The following
data were collected at rest (i, ,) and at the end (i) of the
walk: HR, blood pressures, Oxy-sat (%), and dyspnea
(visual analog scale). During CPET, the collected data
were divided into four categories (general response/exer-
cise tolerance, cardiovascular, ventilatory, and muscular
responses) based on the most applied strategy to inter-
preted CPET (Aguilaniu & Wallaert, 2013). For the gen-
eral response/exercise tolerance, the main outcome was
the maximal oxygen uptake (V O, ). The latter was
expressed in mL/min/kg (Hawari et al., 2017; Koubaa,
Triki, Trabelsi, Baati, et al., 2015; Koubaa, Triki, Trabelsi,
Masmoudi, et al., 2015; Koubaa, Triki, Trabelsi, et al.,
2015a) and/or as a percentage of the predicted VO,
(Hawari et al.,, 2017). Concerning the cardiovascular
response, the main outcomes were HR expressed in bpm
(Ben Saad et al., 2014; Koubaa, Triki, Trabelsi, Baati,
et al., 2015; Koubaa, Triki, Trabelsi, et al., 2015a) or as a
percentage of the predicted maximal HR (PMHR; Ben
Saad et al., 2014; Hawari et al., 2017), and blood pressure
(mmHg) (Ben Saad et al., 2014; Hawari et al., 2017;
Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa, Triki,
Trabelsi, et al., 2015a). For the ventilatory response, three
outcomes were reported: Oxy-sat (%) (Ben Saad et al.,
2014), ventilation minute ( V E, %) (Hawari et al., 2017),
and breathing reserve (%) (Hawari et al., 2017). For the
muscular response, the main outcome was the anaerobic
threshold (%) (Hawari et al., 2017). Additional collected
data related to the 6MWT and CPET are detailed in Table
1 and in the online Appendix.



10

American Journal of Men’s Health

Chronic Effects of Narghile Use on 6MWT Data. Only one
study evaluated the chronic effects of narghile use on
6MWT (Ben Saad et al., 2014). For exclusive narghile
smokers, the study’s main findings were:

i) The 6MWD mean was 101 *£ 14%, and 20% of
exclusive narghile smokers had an abnormal
6MWD (i.e., < lower limit of the normal);

ii) The factors that significantly influenced 6MWD,
explaining 38% of its variability, were body mass
index (BMI, kg/m?), forced expiratory volume in
one second (FEV,, L), and narghile use (in
narghile-years);

iii) 20% of exclusive narghile smokers had dyspneay,
(modified Medical Research Council scale), 9%
had a high dyspnea ; score (>5/10, visual analog
scale), but no one discontinued the walk test or
required a rest during the walk;

iv) The means * SD of the HR, , and HR, , in the
group of exclusive narghile smokers were, respec-
tively, 40 = 5% and 66 = 12%, and 34% of exclu-
sive narghile smokers had a low HR , (<60%);

v) The medians (interquartile) of SBP ., SBP. .
DBP;.,, and DBP. , were 120 (120-130), 150
(140-160), 80 (70-85), and 90 (80-100) mmHg,
respectively;

vi) The medians (interquartile) of Oxy-saty . and
Oxy-sat, , were 98% (97-98) and 98% (97-98),
respectively, and 3% of exclusive narghile smok-
ers had an Oxy-sat decrease of >5 points during
the test;

vii) Exclusive narghile smokers had significantly
higher estimated cardiorespiratory and muscular
chain age than the chronological age (65 * 12 vs.
47 £ 6 years, respectively) (Ben Saad et al., 2014);

Compared to healthy non-smokers, a subgroup of
exclusive narghile smokers had significantly lower scores
of sporting, leisure, and physical activities; lower HR ,,
SBP,;, Oxy-saty, ., and 6MWD (98 = 7 vs. 87 * 9%,
respectively); higher BMI, dyspnea,, dyspneag,,
HRg,., DBP, ., and DBP, ,; higher percentages of par-
ticipants with sedentary status; and higher estimated car-
diorespiratory and muscular chain age (69 = 11 vs. 51 =
11 years, respectively), but they had similar spirometric
data. The authors concluded that “narghile use may play
arole in reducing submaximal aerobic capacity.”

Chronic Effects of Narghile Use on CPET Data. At peak
exercise, exclusive narghile smokers had lower VO,,__
compared to cigarette smokers (Koubaa, Triki, Trabelsi,
Baati, et al., 2015; Koubaa, Triki, Trabelsi, Masmoudi,
et al., 2015; Koubaa, Triki, Trabelsi, et al., 2015a) or
healthy non-smokers (Hawari et al., 2017; Koubaa, Triki,

Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki, Trabelsi,
et al., 2015a; Table 2). At rest, compared to healthy non-
smokers, exclusive narghile smokers had higher HR
(Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa, Triki,
Trabelsi, et al., 2015a), SBP (Koubaa, Triki, Trabelsi,
Baati, et al., 2015; Koubaa, Triki, Trabelsi, et al., 2015a),
and DBP (Koubaa, Triki, Trabelsi, et al., 2015a). At peak
exercise, compared to healthy non-smokers, exclusive
narghile smokers had lower HR (Hawari et al., 2017). No
study reported resting ventilatory data. At peak exercise,
one study reported no significant difference between
exclusive narghile smokers and healthy non-smokers in
breathing reserve (51.7 = 9.7 vs. 49.4 £ 12.5%, respec-
tively), VE (53.7 = 10.6 vs. 56.1 + 13.2%, respectively),
and anaerobic threshold (33.6 £ 10.4 vs. 32.8 = 8.6% of
peak vV O,) (Hawari et al., 2017). Additional results are
highlighted in Table 2 and in the online Appendix.

Discussion

The take-home message derived from this systematic
review including five studies was that narghile use is
associated with reduced submaximal and maximal aero-
bic capacities, and with abnormal cardiovascular status at
rest, at the end of the exercise and during the recovery
period. It appears that this is the first systematic review
that treats the topic of the chronic effects of narghile use
on cardiovascular response during exercise. Narghile use
has been linked with numerous cardiovascular effects
that influence or contribute to the deterioration of the
overall health status (Azar et al., 2016; Qasim et al.,
2019). Regrettably, notwithstanding studies recording
cardiovascular disease risks related with narghile use,
people remain to assume that this smoking mode is safer
than cigarettes, primarily due to being unconscious of its
harmful health effects (Qasim et al., 2019). Narghile
alertness should be systematic and more vigorous (Ben
Saad, 2009; Qasim et al., 2019).

Discussion of Results

Chronic Effects of Narghile Use on 6 MWT Data (6 MWD,
HR, Blood Pressure, Dyspnea). Narghile use had a nega-
tive impact on submaximal aerobic capacity (i.e., abnor-
mal 6MWD, signs of walking intolerance [desaturation,
dyspneay, ], chronotropic insufficiency) in the group of
exclusive narghile smokers (Ben Saad et al., 2014). In the
univariate model, narghile use explained 13% of 6MWD
variability (Ben Saad et al., 2014). Another important
strategic result was that narghile use accelerated cardiore-
spiratory and muscle chain aging (Ben Saad et al., 2014).
This is an unwavering argument to motivate narghile
smokers to stop smoking.
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How did Ben Saad et al. (2014) explain the 6MWD
impairment? The following three factors, derived from a
multivariate analysis, were advanced to explain the
6MWD impairment: BMI, resting spirometric data, and
quantity of narghile use. First, BMI appears to be the
main predictor of 6MWD decline (alone it explains 28%
of 6MWD variability: 6MWD decreased by approxi-
mately 5 m when BMI increased by one unit [Ben Saad
et al., 2014]). The above result confirms once again that
obesity is a predictive factor for 6MWD decline (ATS,
2002; Kammoun & Ben Saad, 2020). Second, resting spi-
rometric data (e.g., FEV,) had a negative impact on
6MWD and they doubled 6MWD decline (~ 25 m) in
exclusive narghile smokers (Ben Saad et al., 2014). In
fact, spirometric data are predictors of 6MWD (ATS,
2002). Exclusive narghile smokers with an abnormal
6MWD had significantly lower FEV, compared to those
with a normal 6MWD. Alteration of the resting spiromet-
ric data may partly explain the decline of 6MWD in
exclusive narghile smokers (Ben Saad et al., 2014). Third,
narghile use appears as a factor in 6 MWD decline (Ben
Saad et al., 2014). On the one hand, a higher quantity of
tobacco used resulted in a lower 6MWD. On the other
hand, exclusive narghile smokers with an abnormal
6MWD were significantly more engaged in narghile use
compared to those with a normal 6MWD (55 = 44 vs. 19
+ 16 narghile-years, respectively). This decline in
6MWD can be explained by the negative consequences
of narghile use on the cardiorespiratory and muscular
functions (Ben Saad et al., 2014).

At rest, the subgroup of exclusive narghile smokers
had significantly higher HR;,, and DBP,_ than the sub-
group of healthy non-smokers (Ben Saad et al., 2014).
These results are in line with the findings of previously
published studies, evaluating the effect of narghile use
on resting cardiovascular data (Al-Kubati et al., 2006;
Alomari et al., 2014; Bentur et al., 2014; El-Zaatari et al.,
2015; Pratiti & Mukherjee, 2019; Shaikh et al., 2008).
Short-term and long-term narghile use has been reported
to be associated with an increase in HR, SBP, and DBP
(Al-Kubati et al., 2006; Alomari et al., 2014; Bentur
et al., 2014; El-Zaatari et al., 2015; Pratiti & Mukherjee,
2019; Shaikh et al., 2008). Narghile smoke contains high
levels of nicotine (Ben Saad, 2009). The systemic hemo-
dynamic effects of nicotine are mediated primarily by
activation of the sympathetic nervous system (Benowitz
& Burbank, 2016). Nicotine releases norepinephrine
from adrenergic neurons and increases adrenal release of
epinephrine (Benowitz & Burbank, 2016). Narghile use
acutely increases HR and blood pressures, an effect
mediated by nicotine-induced beta-adrenergic stimula-
tion (Bhatnagar et al., 2019). Long-term narghile use has

been associated with higher HR and blood pressures
(when comparing exclusive narghile smokers with non-
smokers) (Selim et al., 2013; Shafique et al., 2012). The
chronic effect of narghile use can be explained by two
interchangeable mechanisms: (a) disturbance in cardiac
autonomic control with long-term reduction in vagal
drive (Hayano et al., 1990; Lucini et al., 1996); and/or
(b) chronic increase in resting muscle sympathetic nerve
activity as shown in cigarette smokers (Hering et al.,
2010). In narghile smokers, the “abnormal” resting car-
diovascular status can partially explain the submaximal
aerobic capacity decline (Kokkinos et al., 2009). At peak
exercise, 34% of exclusive narghile smokers had chrono-
tropic insufficiency with lower HR and SBP in the sub-
group of exclusive narghile smokers compared to the
subgroup of healthy non-smokers (Ben Saad et al.,
2014). This may reflect the effect of narghile use on the
cardiac autonomic function with abnormal sympathetic
control (Cobb et al., 2012). All these data highlight the
negative impact of narghile use on cardiovascular adap-
tation to exercise.

Exclusive narghile smokers had a lower tolerance to
exercise (higher dyspnea, ; scores, important desatura-
tion) than heathy non-smokers (Ben Saad et al., 2014).
This limitation in exercise capacity can partially be
explained by the negative impact of narghile use on rest-
ing breathing frequency and spirometric data (Ben Saad
etal., 2014).

Chronic Effects of Narghile Use on CPET Data

Global response. Narghile use is associated with
reduced maximal exercise capacity in the retained stud-
ies (Table 2). First, narghile smokers generated lower V
O,,..values than healthy non-smokers (Koubaa, Triki,
Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki, Trabelsi,
et al., 2015a) or cigarette smokers (Koubaa, Triki,
Trabelsi, Baati, et al., 2015; Koubaa, Triki, Trabelsi, Mas-
moudi, et al., 2015; Koubaa, Triki, Trabelsi, et al., 2015a).
Second, narghile smokers had a significantly shorter exer-
cise time compared to healthy non-smokers (Hawari et al.,
2017). Third, compared to healthy non-smokers, narghile
smokers reported higher perception of leg fatigue and
dyspnea at mid exercise, and dyspnea at peak exercise
(Hawari et al., 2017).

How can the negative effect of narghileuseon VO,
be explained? The first hypothesis could be the “possi-
ble” cumulated negative effects of acute impacts of
narghile use on maximal exercise capacity/endurance
(Hawari et al., 2013). According to Hawari et al. (2013),
the acute harmful effects could be related to the reduced
capacity for carrying oxygen due to the increase in carbon
monoxide levels. The second hypothesis can
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be extrapolated from the effect of cigarette smoking on
exercise capacity (Muller et al., 2019). Muller et al.
(2019) identified abnormalities in the cardio-circulatory
and respiratory chain, supporting oxygen delivery to
muscle.

Narghile use negatively influenced the breathing effi-
ciency as, compared to healthy non-smokers, narghile
smokers produced significantly higher ratio between vV E
and carbon dioxide production (Hawari et al., 2017). The
following main factors can be incriminated in breathing
efficiency: airway obstruction, hyperinflation, increased
dead space ventilation, abnormal resting hemodynamic,
and muscle endurance (Hawari et al., 2017). According to
Hawari et al. (2017), muscle fatigue is suggested as a
plausible reason for such exercise limitation.

Cardiovascular response. At rest, compared to healthy
non-smokers, narghile smokers had significant increases
in HR (Koubaa, Triki, Trabelsi, Baati, et al., 2015;
Koubaa, Triki, Trabelsi, et al., 2015a), SBP (Kou-
baa, Triki, Trabelsi, Baati, et al., 2015; Koubaa, Triki,
Trabelsi, et al., 2015a), and DBP (Koubaa, Triki, Trabelsi,
et al., 2015a). These results are in line with the previ-
ously published data evaluating the effects of narghile
use on resting cardiovascular data (Al-Kubati et al.,
2006; Alomari et al., 2014; Ben Saad et al., 2014; Bentur
et al., 2014; El-Zaatari et al., 2015; Pratiti & Mukherjee,
2019; Shaikh et al., 2008). The abovementioned effects
were previously discussed in the subsection related to the
chronic effects of narghile use on 6GMWT data.

At peak exercise, compared to healthy non-smokers,
narghile smokers had a difficulty in maintaining appro-
priate cardiac output (i.c., lower HR and higher HR
reserve [Hawari et al., 2017]). Narghile use seems to
modify the chronotropic response to exercise, and there-
fore it may induce chronotropic incompetence. These
results, similar to those observed in cigarette smokers
(Lauer et al., 1997, Papathanasiou et al., 2013), can be
explained by a downregulation of beta-adrenergic recep-
tors (Lauer et al., 1997).

At recovery, one study reported a lower recovery
index in narghile smokers than in healthy non-smokers
and cigarette smokers (Koubaa, Triki, Trabelsi, et al.,
2015a)(Table 2). The recovery index is directly related to
HR decline after exercise (Koubaa, Triki, Trabelsi, et al.,
2015a). First, the latter is a useful marker of cardiac
autonomic control, mediated by the vagal reactivation
and the sympathetic decline (Morise, 2004; Pecanha
et al., 2017). Second, there is a direct relation between
HR achieved at peak exercise and the subsequent decline
during recovery (Leclerc, 2017). This may partially
explain why narghile smokers had a blunted recovery

index than healthy non-smokers. Third, attenuated
recovery index is indicative of attenuated HR recovery,
which is a marker of cardiac limitation of exercise capac-
ity (Leclerc, 2017). Fourth, HR recovery has been related
to higher risk of CVDs, and it is an independent predictor
of mortality (Morshedi-Meibodi et al., 2002; Myers
et al., 2007; Qiu et al., 2017; Shetler et al., 2001; Sipila
etal., 2019). Finally, both attenuated HR at peak exercise
and reduced HR recovery were independently associated
with cardiovascular mortality (Myers et al., 2007). These
findings highlight the important role for the early detec-
tion of the harmful effect of narghile use on health by
exploring cardiovascular response during and after a
stressful situation, such as CPET.

Ventilatory and muscular responses. Hawari et al.
(2017) suggested that “abnormal” ventilatory responses
are less likely to explain the reduced exercise capacity,
since differences in breathing reserve, V E and anaerobic
threshold were insignificant between exclusive narghile
smokers and healthy non-smokers.

How Can the Harmful Effects of Narghile Use on Animals’
Cardiovascular Data be Explained? To the best of the
authors’ knowledge, no previous experimental study has
treated the issue related to the chronic effects of narghile
use on animals’ cardiovascular response during exercise.
The main results of some experimental studies aiming to
determine the harmful effects of narghile use on animals’
resting cardiovascular data and their underlying mecha-
nisms are highlighted in the online Appendix. Briefly,
the advanced underlying mechanisms were the follow-
ing: systemic inflammation, heart inflammation, heart
oxidative stress, prothrombotic and thrombotic phenom-
ena, hypercoagulability, apoptosis, genetic changes, gas
exchange abnormalities and changes in arterial blood
gases, heart morphologic changes, myocardial injury,
and cardiotoxicity (Fahim et al., 2014; Nemmar et al.,
2015, 2018, 2019, 2020; Nemmar, Al-Salam, Beegam,
et al., 2017; Nemmar, Al-Salam, Yuvaraju, et al., 2017,
Nemmar, Raza, et al., 2013; Nemmar, Yuvaraju, et al.,
2013)

Discussion of the Methodology

Discussion related to the studies’ characteristics and
applied exercise tests (i.e., OMWT vs. CPET) is high-
lighted in the online Appendix. The subsequent sentences
will discuss the following points: smoking data, partici-
pants’ characteristics, and some gaps related to the main
collected data. Box 2 summarizes some recommenda-
tions for designing future studies.
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Box 2. Some recommendations for designing future studies related to the chronic effects of narghile use on cardiovascular

response during exercise.

Issue Recommendation: authors are encouraged to:

Study protocol/design

Smoking data
smokers

performed in North Africa)

Participant data
Sample size
Exercise data expression

Calculate the sample size

value
Exercise influencing factors
quadriceps strength)
Biological data
Functional respiratory data

Some static cardiac data
Muscle activity data

Blind the investigators/technicians in studies including two groups or more

Design participants from a general population in order to have representative measurements
(i.e., avoid convenience sampling)

Clearly define the term “healthy” in studies including healthy participants

Report as non-inclusion/exclusion criteria, the contraindications of the applied exercise tests

Specify the “exclusive” character of narghile use, and to include only exclusive narghile

Use the local applied terms to refer to narghile use (e.g., ““shisha” or “narghile” for studies

Specify the type of narghile tobacco smoked: tabamel, tombak, Jurak
Apply the most used ways to quantify narghile use (e.g., narghile-years)
Specify the exact level of exposure to narghile tobacco

Specify the time of last narghile use

Specify the participants’ exact age

Express heart rate as a percentage of the predicted maximal heart rate
Express the maximal oxygen uptake in absolute value and as a percentage of the predicted

Report some morphological data known to influence exercise capacity (e.g., lower limb length,

Explore some biological data (e.g., oxidative stress, inflammation, anemia)

Report some functional respiratory data (e.g., lung volumes, diffusion capacity of the alveolar-
capillary membrane, blood gas)

Explore some echocardiography data (e.g., right ventricular function)

Explore some markers of secondary myopathy (e.g., blood creatine phosphokinase,
electromyogram, muscle biopsy data)

Smoking Data. Six points related to the smoking data
need to be highlighted. First, three studies omitted to
specify the “exclusive” character of narghile use (Koubaa,
Triki, Trabelsi, Baati, et al., 2015; Koubaa, Triki,
Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki, Trabelsi,
et al., 2015a). This is a serious lacuna, since the body
keeps memory of the smokers’ physiological and behav-
ioral practices (Chaouachi, 2009). In future studies, only
exclusive narghile smokers should be included in the
group of narghile smokers. Second, different names were
used to refer to narghile use (Table 1). Certainly, the name
of the tobacco mode depends on the region and the coun-
try (Aslam et al., 2014), but the use of terms like “hookah”
in Tunisia (Koubaa, Triki, Trabelsi, Baati, et al., 2015;
Koubaa, Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa,
Triki, Trabelsi, et al., 2015a) or “waterpipe” in Jordan
(Hawari et al., 2017) is not realistic. In fact, in Tunisia
and/or Jordan, the terms “shisha” and “narghile” are
the most popular (Ben Saad, 2015; Chaouachi, 2007;
Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa, Triki,
Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki, Trabelsi,

et al., 2015a). Third, four studies (Hawari et al., 2017;
Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa, Triki,
Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki, Trabelsi,
et al., 2015a) did not mention the type of narghile tobacco
smoked. The lack of specification of the tobacco type is a
source of confusion. In fact, there are three different
forms of narghile tobacco (tabamel, tombak and jurak),
and the pattern differs between tombak and jurak, in com-
parison to tabamel (Ben Saad, 2009; Chaouachi, 2009;
Nemmar et al., 2020). In the future, the used type of
narghile tobacco should be noted to allow comparisons
between studies. Fourth, the quantification ways of
narghile use was different between the retained studies.
In the absence of a specific international codification,
narghile use quantification in terms of narghile-years (or
hookah-years) is the preferred method (Ben Saad et al.,
2014; Koubaa, Triki, Trabelsi, Baati, et al., 2015; Kou-
baa, Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa,
Triki, Trabelsi, et al., 2015a). The use of different
methods to quantify narghile consumption (hookah-day
[Koubaa, Triki, Trabelsi, Baati, et al., 2015], heads-week
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[Hawari et al., 2017], kg of cumulated tobacco [Ben Saad
et al., 2014; Koubaa, Triki, Trabelsi, Baati, et al., 2015;
Koubaa, Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa,
Triki, Trabelsi, et al., 2015a]) makes comparisons
between studies difficult. A specific international codifi-
cation is needed (Ben Saad, 2009). Fifth, the levels of
exposure to narghile tobacco were different between the
retained studies (Ben Saad et al., 2014; Hawari et al.,
2017; Koubaa, Triki, Trabelsi, Baati, et al.,, 2015;
Koubaa, Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa,
Triki, Trabelsi, et al., 2015a). They were imprecise in
three studies (>5 hookah-years) (Ben Saad et al., 2014;
Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa, Triki,
Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki, Trabelsi,
et al., 2015a), and large in one study (5-145 narghile-
years) (Ben Saad et al., 2014). This situation makes com-
parison between studies difficult. Finally, information
about the last narghile use was lacking in three studies
(Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa,
Triki, Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki,
Trabelsi, et al., 2015a). This information is capital in
order to avoid confusion between chronic and acute
effects of narghile use (Akl et al., 2010; Bou Fakhreddine
et al., 2014, El-Zaatari et al., 2015), even on cardiovascu-
lar response at exercise.

Participants’ Characteristics. The lack of sample size cal-
culation, noted in four studies (Hawari et al., 2017;
Koubaa, Triki, Trabelsi, Baati, et al., 2015; Koubaa, Triki,
Trabelsi, Masmoudi, et al., 2015; Koubaa, Triki, Trabelsi,
et al.,, 2015a), is a serious statistical flaw. In practice,
determining the finest size for a study is a statistically
central point to guarantee enough power and to distin-
guish statistical significance, and constitutes a serious
step in the design of research procedure (Kang et al.,
2008; Khemiss et al., 2015).

Some Gaps Related to the Main Collected Data. Two studies
omitted to express HR as a percentage of PMHR (Koubaa,
Triki, Trabelsi, Baati, et al., 2015; Koubaa, Triki, Trabelsi,
etal., 2015a). This is a gap as achieving age-predicted val-
ues for maximal HR during exercise is often used as a
reflection of maximal or near maximal effort (e.g., achiev-
ing at least 85% of PMHR is an indicator of sufficient par-
ticipant effort). Moreover, HR expressed as a percentage
of PMHR is more objective than absolute value for com-
parison between participants.

According to recommendations, \'/OZmaX should be
expressed both in absolute value and as a percentage of
the predicted value (Aguilaniu & Wallaert, 2013; ATS/
ACCP, 2003). The latter expression mode allows to pre-
dict normal achievement of maximal exercise capacity,
comparison between participants and determination of

the anaerobic threshold normality (e.g., normal range of
anaerobic threshold [40%-80%] of VO, . predicted)
(Aguilaniu & Wallaert, 2013; ATS/ACCP, 2003).

Other factors influencing exercise capacity were not
reported and should be studied in the future: (a) morpho-
logical data (e.g., lower limb length, quadriceps strength)
(Ben Saad et al., 2014; Troosters et al., 1999); (b) biologi-
cal data (e.g., oxidative stress, inflammation, anemia)
(Ben Moussa et al., 2016; Ebner et al., 2016; Rosado-
Perez & Mendoza-Nunez, 2018); (c¢) functional respira-
tory data (e.g., lung volumes, diffusion capacity of the
alveolar-capillary membrane, blood gas) (ATS/ACCP,
2003); (d) echocardiography data (e.g., right ventricular
function) (Badagliacca et al., 2017); and (¢) myopathy,
possible consequence of sedentary lifestyle, oxidative
stress, systemic inflammation, or hypoxia (Ben Saad
etal., 2014).

Conclusion

This systematic review illustrates the negative effects of
narghile use on cardiovascular response to exercise with
reduction in both submaximal and maximal exercise
capacities. Given the harmful effect of narghile use on
cardiovascular health, early detection of its effects on
resting cardiovascular data/status and on cardiovascular
response to exercise is of great importance. This supports
the need for global action to prompt cessation of this
smoking habit. Future studies, taking into account the
methodological limitations highlighted in this systematic
review, are encouraged.
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