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Abstract

Studies evaluating the metabolic profiles of ENSs are scarce and presented controversial conclusions. This study
aimed to compare the metabolic profiles of ENSs’ and AHNSs’ groups. Males aged 2545 years and free from a
known history of metabolic and/or cardiovascular diseases were included. According to the smoking status, two
groups of ENSs and AHNSs were identified. Body mass index (BMI, kg/m?), waist circumference (WC, cm), systolic
and diastolic blood pressures (SBP, DBP, mmHg), fasting blood data in mmol/L (blood glycemia [FBG], triglycerides
[TG], total cholesterol [TC], high- and low- density lipoprotein cholesterol [HDL-C, LDL-C]) and obesity status were
evaluated. The metabolic syndrome (MetS) was defined according to the 2006 International Diabetes Federation
(IDF) recommendations. Data were expressed as mean * standard deviation (SD) or percentages. Compared to the
AHNSs’ group (n = 29), the ENSs’ one (n = 29) had (a) higher values of BMI (26.5 = 2.3 vs. 28.2 * 3.6), WC (95
* 7 vs. 100 = 10), and TG (1.22 = 0.40 vs. 1.87 = 0.85); and (b) included a lower percentage of males having low
HDL-C (82.7% vs. 62.0%), and higher percentages of males having obesity (6.9% vs. 37.9%) or hypertriglyceridemia
(10.7% vs. 51.7%). Both the ENSs’ and AHNSs’ groups: (a) had similar values of FBG (5.38 = 0.58 vs. 5.60 = 0.37), TC
(4.87 = 1.16 vs. 4.36 = 0.74), HDL-C (0.92 = 0.30 vs. 0.82 = 0.21), LDL-C (3.09 = 0.98 vs. 2.92 * 0.77), SBP (117
* 9 vs. |15 % 8),and DBP (76 = 6 vs. 73 = 7); and (b) included similar percentages of males having normal weight
(17.2% vs. 31.0%); overweight (44.8% vs. 62.1%); android obesity (79.3% vs. 59.6%), hypertension (10.3% vs. 10.3%),
hyperglycemia (37.9% vs. 48.2%), and MetS (51.7% vs. 34.5%). There is a need to monitor narghile use among male
metabolic patients since it alters some components of the MetS.
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males (82.0%; Alzaabi et al., 2017). This rate is probably
lower than reality, since only participants aged 4049
years were included (Alzaabi et al., 2017). This smoking
habit poses great health threats presently. Faced with the
“globalization” of the narghile-use phenomenon, the
World Health Organization (WHO) has taken up the case
and stressed that “it is not only a health risk, but it is also
a gateway to smoking for a number of young people”
(WHO, 2008a, 2015).

Habitually, public opinion, and particularly the medical
world, misjudges the harmful effects of narghile use,
despite its damaging effects on health (Aslam, Saleem,
German, & Qureshi, 2014; Ben Saad, 2010; Bou
Fakhreddine, Kanj, & Kanj, 2014; Chaouachi, 2006, 2009,
2015; El-Zaatari, Chami, & Zaatari, 2015; Waziry, Jawad,
Ballout, Al Akel, & Akl, 2017). Up-to-date evidence indi-
cates that narghile use is associated with several adverse
health effects including cardiorespiratory, hematological,
and reproductive systems (Aslam et al., 2014; Ben Saad,
2010; Bou Fakhreddine et al., 2014; Chaouachi, 2006,
2009, 2015; El-Zaatari et al., 2015; Waziry et al., 2017). An
association between narghile use and malignancies, such
as lung, oral, and nasopharyngeal cancer, has been sug-
gested (Ben Saad, 2010; Bou Fakhreddine et al., 2014;
El-Zaatari et al., 2015; Khemiss, Rouatbi, Berrezouga, &
Ben Saad, 2016; Waziry et al., 2017). Studies about the
effects of narghile use on biochemical data and metabolic
profile are scarce (Al Mutairi, Shihab-Eldeen, Mojiminiyi,
& Anwar, 2006; Hallit et al., 2017; Koubaa et al., 2015;
Mabhassni & Alajlany, 2017; Saffar Soflaei et al., 2018;
Shafique et al., 2012). Even in the WHO second edition
related to narghile use, no information about its possible
effects on smokers’ biochemical or metabolic profile was
reported (WHO, 2015). To the best of the authors’ knowl-
edge, only six studies evaluated the biochemical data and
the metabolic profiles of NSs (Al Mutairi et al., 2006;
Hallit et al., 2017; Koubaa et al., 2015; Mahassni &
Alajlany, 2017; Saffar Soflaei et al., 2018; Shafique et al.,
2012), with controversial conclusions. First, the two stud-
ies aiming at evaluating the occurrence of the metabolic
syndrome (MetS) in NSs, reported a big gap concerning its
prevalence (33.1% [Shafique et al., 2012] vs. 46.8% [Saffar
Soflaei et al., 2018]). The comparison of its prevalence
between NSs and control groups (Saffar Soflaei et al.,
2018; Shafique et al., 2012) identified significant differ-
ences between NSs and healthy nonsmokers (HNSs; 33.1
vs. 14.8% [Shafique et al., 2012]; 46.8% vs. 38.8% [Saffar
Soflaei et al., 2018]). Second, while some authors reported
that NSs and HNSs were matched with fasting blood gly-
cemia (FBG; Mahassni & Alajlany, 2017; Saffar Soflaei
et al., 2018), high- and low- density lipoprotein cholesterol
(HDL-C [Al Mutairi et al., 2006; Shafique et al., 2012] and
LDL-C [Al Mutairi et al., 2006; Koubaa et al., 2015]), tri-
glycerides (TG; Al Mutairi et al, 2006), and total

cholesterol (TC; Koubaa et al., 2015), others reported that
as compared to the HNSs’ group, the NSs’ one has compro-
mised FBG (Shafique et al., 2012), TG (Koubaa et al.,
2015; Saffar Soflaei et al., 2018; Shafique et al., 2012),
HDL-C (Koubaa et al., 2015; Saffar Soflaei et al., 2018),
LDL-C (Saffar Soflaei et al., 2018), and TC (Saffar Soflaei
etal., 2018). Third, while some authors concluded that NSs
and cigarette smokers (CSs) were matched with TG (Al
Mutairi et al., 2006; Koubaa et al., 2015; Saffar Soflaei
et al., 2018), HDL-C (Al Mutairi et al., 2006; Koubaa
etal., 2015), LDL-C (Al Mutairi et al., 2006; Koubaa et al.,
2015; Saffar Soflaei et al., 2018), and TC (Saffar Soflaei
et al., 2018), others reported that as compared to the CSs’
group, the NSs’ one has compromised FBG (Saffar Soflaei
et al., 2018), HDL-C (Saffar Soflaei et al., 2018), and TC
(Koubaa et al., 2015). The divergence in conclusions can
be related to some methodological limitations and/or dif-
ferences which may affect the results. Four examples can
be highlighted. First, the lack of sample size calculation
(Al Mutairi et al., 2006; Koubaa et al., 2015; Mahassni &
Alajlany, 2017; Saffar Soflaei et al., 2018) is a statistically
central point since determining the finest size for a study
guarantees enough power to distinguish statistical signifi-
cance and is a serious step in the design of a planned
research procedure (Kang, Ragan, & Park, 2008). Second,
the inclusion of elderly subjects more than 60 years of age
(Al Mutairi et al., 2006; Saffar Soflaci et al., 2018; Shafique
et al., 2012) may introduce a bias because the prevalence
of altered metabolic data (e.g., MetS) increases with age
(Ribeiro, Seixas, Galvez, & Climent, 2018). Third, the lack
of information about the different types of the narghile
tobacco used (Hallit et al., 2017; Koubaa et al., 2015;
Mabhassni & Alajlany, 2017; Saffar Soflaei et al., 2018;
Shafique et al., 2012), makes any comparison difficult,
because in the case of tombak or jurak, in comparison to
tabamel, the pattern is different (Ben Saad, 2009). Fourth,
different methods of narghile-use quantification (not
reported [Hallit et al., 2017; Mahassni & Alajlany, 2017;
Saffar Soflaei et al., 2018; Shafique et al., 2012], run/day
[Al Mutairi et al., 2006], total duration of smoking [Al
Mutairi et al., 2006], narghile/year [NY; Koubaa et al.,
2015], and quantity in kg of tobacco smoked/year [Koubaa
et al., 2015]) were applied. Moreover, the levels of expo-
sure to narghile tobacco, mentioned only in two studies,
were imprecise (>five NY [Koubaa et al., 2015], 16 = 12
years [Shafique et al., 2012]). This situation makes the
comparison between studies difficult. Therefore, it is clear
that narghile-use research still harbors a lot of deficiencies
that need to be further investigated.

Ignoring the damaging effects of narghile use on bio-
chemical and metabolic data will certainly lead to a
global public health problem (Ben Saad, 2009, 2010;
WHO, 2015), which we can now undertake to prevent.
Both the 2005 and 2015 WHO advisory notes on narghile
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use (WHO, 2005, 2015) highlighted the above arca of
deficiency, and among the aspects requiring further
research, the epidemiology of narghile-associated disease
risk was recommended. Taking into account the afore-
mentioned methodological limitations/differences (Al
Mutairi et al., 2006; Hallit et al., 2017; Koubaa et al.,
2015; Mahassni & Alajlany, 2017; Saffar Soflaei et al.,
2018; Shafique et al., 2012) and the WHO recommenda-
tions (WHO, 2005, 2015), this study aimed to compare
the biochemical data and the metabolic profile (especially
the presence of a MetS) of exclusive NS (ENSs) with
apparently HNSs (AHNSs). The null hypothesis was that
there is a divergence between their records.

Population and Methods
Study Design

It was a comparative study performed over a period of 3
months (December 2015 to February 2016) with collabo-
ration between the Departments of Endocrinology and
Diabetes, and that of Biochemistry (Farhat HACHED
University Hospital, Sousse, Tunisia).

This clinical laboratory report was conducted in agree-
ment with the Declaration of Helsinki. The study approval
(number: 2207/2015) was obtained from the Farhat
HACHED University Hospital’s Ethics Committee.
Participants were individually informed about the pur-
pose of the study. Written and informed consent was
asked from all study participants who received a report of
their explorations. In case of biochemical and/or meta-
bolic abnormalities, participants were cared for by the
investigator. Participants were not charged any costs for
the accomplished tests.

Sample Size

The null hypothesis (Kang et al., 2008) was H oim =m
and the alternative one was Ha: m, =m, + d; where “d”
was the difference between two means and n, and n_ were
the sample size for two groups (ENSs and AHNSs) such
N=n +n,. The total sample size was estimated by

using the following formula (Kang et al., 2008):

Za/2\/2P(1_P) +
Zl—ﬁ\/Pl(l_P1)Pz (I_Pz)
(pl —p2)2

2

e “Z " was the normal deviate at a level of signifi-
cance (=1.96 for 5% level of significance);

e “Z . was the normal deviate at 1 — B% power
with 3% of Type II error (=1.03 at 85% statistical
power);

[T

e “r” equal to n /n, was the ratio of sample size
required for two groups (» = 1 gives the sample
size distribution as 1:1 for the two groups).

e p” and “p,” were the proportion of event of inter-
est (e.g., MetS) for two groups, and “p” was equal
to(p, + pz)/2. “p” and “p,” were extracted from
the study of Shafique et al. (2012) where the prev-
alences of MetS were 33.1% and 14.8%, respec-
tively, in ENSs’ and HNSs’ groups. The total
sample size for the study was 55 participants (27
ENSs and 27 AHNS:).

Study Population

Participants were selected by convenience sampling
applying the following three methods: (a) an informa-
tional letter (including the corresponding researcher cell
phone number) announcing the need to recruit ENSs was
given to the owners of several local cafés which were
highly frequented by NSs; (b) acquaintances (usually
hospital workers and friends of medical school students)
of people involved in this study; and (c¢) an article
announcing the need to recruit participants was posted in
a social network service (Facebook pages of the people
involved in the study).

Only males aged 2545 years free from a known his-
tory of metabolic and/or CVDs (e.g., diabetes mellitus
[DM]; dyslipidemia; arterial hypertension; cerebral vas-
cular stroke; myocardial infarction [MI]) were included.
Cigarette smoking and any specific treatment for lipid
abnormality were applied as noninclusion criteria.
Missing biochemical data and a high amount of cumu-
lated smoked narghile (e.g., >100 NY qualified as outli-
ers) were applied as exclusion criteria.

According to the smoking status, two groups of par-
ticipants were identified: ENSs’ group of more than five
NY and AHNSs’ group. ENSs were instructed not to
smoke during the overnight fasting period and before tak-
ing the clinical exam and laboratory tests (Al Mutairi
et al.,, 2006; Dzien, Dzien-Bischinger, Hoppichler, &
Lechleitner, 2004).

Medical Questionnaire

A nonstandardized medical questionnaire was used to
assess several participants’ characteristics: family and
personal medical history (DM, arterial hypertension,
cerebral vascular stroke, MI, dyslipidemia, thyroid dys-
function); and personal surgical history (e.g., abdominal-
pelvic,urologic, orthopedic, neurological); socioeconomic
and schooling levels; and smoking (quantity of used
narghile and narghile tobacco type) and alcohol habits.
Two schooling levels were defined: low (illiterate, pri-
mary education) and high (secondary and university
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education; Ben Saad et al., 2014). Two socioeconomic
levels were defined according to the occupational status:
low (e.g., unskilled worker, jobless) and high (e.g., skilled
worker, farmer, manager; National Institute for Statistics
and Economic Studies, 1993). Students were classified
according to their parents’ occupational status. Narghile
use and type of narghile tobacco used were self-reported.
The narghile-use history was defined as NY (number of
narghile smoked a day X total number of smoking years;
Ben Saad, 2009). Three types of used narghile tobacco
were evaluated: moassel (tabamel), tombak, and/or jurak
(Ben Saad, 2009). Alcohol habit was evaluated and two
groups of participants were arbitrarily defined: alcohol
and nonalcohol consumers.

Anthropometric Data

Age (Yr) was noted. Height (£0.01 m) was measured with
a height gauge shoes removed, heels joined, and back
straight. Weight (=1 kg) was measured with a mechanical
scale (Seca Deutschland) and the body mass index (BMI,
kg/m”) was calculated. Waist circumference (WC, cm) was
measured with a tape measure midway between the lower
rib margin and the iliac crest (Bouguerra et al., 2007).

Physical Examination

Systolic and diastolic blood pressures (SBP and DBP)
were measured using a manual monitor (Spengler Vaquez-
Laubry, France) with participants seated for at least 5
min, relaxed and not moving or speaking and the arm
supported at the level of the heart (O’Brien et al., 2003).

Biochemical Data

Some biochemical data (FBG [mmol/L]; TG [mmol/L];
TC [mmol/L]; HDL-C [mmol/L]; LDL-C [mmol/L]; uric
acid [umol/L]; creatinine [pmol/L]; urea [mmol/L]) were
determined after a 12-hr period of fasting. FBG, TC,
HDL-C, creatinine, and urea were quantified by spectro-
photometry (Kong et al., 2011). TG and uric acid were
quantified by the colorimetric method. LDL-C was calcu-
lated (Friedewald, Levy, & Fredrickson, 1972): LDL-C
= TC — HDL-C — TG/5.

Applied Definitions

Obesity status was categorized into normal weight (18.5
kg/m? = BMI = 24.9 kg/m%), overweight (25.0 kg/m* =
BMI = 29.9 kg/m%), and obesity (BMI = 30.0 kg/m’
[WHO, 1999]). The MetS was retained in front of the
presence of an android obesity (WC = 94 cm [IDF, 2006;
WHO, 2008b]) plus any two of the following four factors
(IDF, 2006): raised TG (=1.7 mmol/L); reduced HDL-C

(<1.03 mmol/L); raised SBP (=130 mmHg) or DBP
(=85 mmHg); and raised FBG (=5.6 mmol/L).

Statistical Analysis

The Kolmogorov—Smirnov test was used to analyze vari-
able distributions. Quantitative and qualitative data were
expressed as means = standard deviation (SD) (95% con-
fidence interval [CI]) and as relative number (%), respec-
tively. Mann—Whitney U and X’ tests were used to
compare quantitative data and percentages, respectively.
Analyses were carried out using the Statistica statistical
software (Statistica Kernel version 6; Stat Software.
France). Significance was set at the .05 level.

Results

Sixty-five voluntary participants were included. After
applying the noninclusion criteria, only 58 were retained
(29 ENSs and 29 AHNSs). The main reasons for noninclu-
sion and/or exclusion were: DM (n = 4); antecedents of
cerebral vascular stroke (n = 1); missing biochemical data
(n = 1); and cumulated smoked narghile >100 NY (rn = 1).

Table 1 displays the characteristics of the participants.
The most used tobacco type was moassel in almost three-
quarter of ENSs. The two groups included similar per-
centages of males having high socioeconomic or
schooling levels, or a normal weight or an overweight.
Compared to the AHNSs’ group, the ENSs’ one was sig-
nificantly older by ~4 years, and had significantly higher
weight, BMI, and WC. The ENSs’ group included signifi-
cantly higher percentages of males having obesity or
being regular alcoholic consumers.

The two groups were matched with the family and per-
sonal medical and surgical histories (Table 2).

Table 3 displays the biochemical data of participants.
The two groups had similar values of FBG, TC, HDL-C,
LDL-C, urea, SBP, and DBP. Compared to the AHNSs’
group, the ENSs’ one had significantly higher values of
TG and uric acid, but a significantly lower value of creati-
nine. The exclusion of alcohol consumers provided the
same results (Table 1S in the Appendix) except for urea
where AHNSs’ (n = 28) values were significantly higher
than those of ENSs (n = 21): 5.62 = 1.36 versus 4.81 =
1.05 mmol/L (p = .03).

Table 4 displays the participants’ metabolic profiles.
Compared to the AHNSs’ group, the ENSs’ group
included similar percentages of males having android
obesity, arterial hypertension, raised FBG, and MetS.
The ENSs’ group included a significantly lower percent-
age of males having low HDL-C and a significantly
higher percentage of males having hypertriglyceridemia.
The exclusion of alcohol consumers provided the same
results (Table 2S in the Appendix) except for the
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Table I. Characteristics of the Two Groups of ENSs and AHNSs.

ENSs (n = 29) AHNSs (n = 29) p

Age (Years) 38 £ 5 (36 to 40) 34 £7 (31 to 36) 018*
Height (m) 1.77 = 0.08 (1.74 to 1.80) 1.76 = 0.07 (1.73 to 1.78) 272
Weight (kg) 89 = 13 (84 to 94) 82 = 10 (78 to 86) .027*
Waist circumference (cm) 100 = 10 (96 to 103) 95 £ 7 (92 to 98) .007*
Body mass index (kg/m?) 28.2 * 3.6 (26.9 to0 29.6) 26.5 £ 2.6 (25.5 to 27.5) .046*
Obesity status Normal weight 5(17.2) 9 (31.0) 22

Overweight 13 (44.8) 18 (62.1) A7

Obesity I'1(37.9) 2(6.9) .04*
Tobacco quantity (Narghile-years) 18 = 15 (12 to 24) Not applied
Tobacco type Tombac 0 (0.0) Not applied

Jurak 4(13.8) Not applied

Moassel 21 (72.4) Not applied

Jurak and Moassel 4(13.8) Not applied
High schooling level 27 (93.1) 23 (79.3) 13
High socioeconomic level 25 (86.2) 24 (82.7) .75
Regular alcoholic consumers 9 (31.0) I (3.4) .006

Note. Quantitative data were mean * SD (95% confidence interval). Qualitative data were number (%). ENSs = Exclusive Narghile Smokers;
AHNSs = Apparently Healthy Nonsmokers; p = probability.
*p < .05 (Mann—Whitney U test): ENSs vs. AHNSs. *p < .05 (x” test): ENSs vs. AHNSs.

Table 2. Family and Personal Medical and Surgical Histories of the Two Groups of ENSs and AHNSs.

ENSs (n = 29) AHNSs (n = 29) b
Family history of: Mellitus diabetes 15 (51.7) 19 (65.5) 319
Arterial hypertension 14 (48.3) 19 (65.5) 197
Cerebral vascular stroke and/or 7 (24.1) 6 (20.7) .785
myocardial infarction
Dyslipidemia 11 (37.9) 10 (34.5) 752
Thyroid dysfunction 4(13.8) 7 (24.1) .335
Surgical personal history of: Abdominal-pelvic 4(13.8) 1 (3.4) 147
Urologic 2 (6.9) 0 (0.0) 152
Orthopedic 4(13.8) 3(10.3) .641
Neurological 1 (3.4) 0 (0.0) 351
Others 2 (6.9) 1 (3.4) 487
Note.Data were number (%). ENSs = Exclusive Narghile Smokers; AHNSs = Apparently Healthy Nonsmokers; p = probability.
p < .05 (x* test): ENSs vs. AHNSs.
Table 3. Biochemical Data and Blood Pressure Values of the Two Groups of ENSs and AHNSs.
ENSs (n = 29) AHNSs (n = 29) p
Fasting glycaemia (mmol/L) 5.38 + 0.58 (4.58 to 6.83) 5.60 = 0.37 (4.82 to 6.41) .060
Triglycerides (mmol/L) 1.87 = 0.85 (0.74 to 3.71) 1.22 = 0.40 (0.55 to 2.11) .001*
Total cholesterol (mmol/L) 4.87 = 1.16 (2.97 to 7.30) 4.36 = 0.74 (3.01 to 5.62) .076
High-density lipoprotein cholesterol (mmol/L) 0.92 = 0.30 (0.50 to 2.05) 0.82 = 0.21 (0.46 to 1.38) 129
Low-density lipoprotein cholesterol (mmol/L) 3.09 = 0.98 (1.70 to 5.3)0 2.92 = 0.77 (1.46 to 4.34) .594
Uric acid (umol/L) 324.43 + 44.07 (235.00 to 438.00) 275.26 = 62.27 (174.00 to 406.00) .0009*
Creatinine (umol/L)  74.23 * 12.53 (52.53 to 105.00) 90.46 = 16.08 (59.00 to 125.00) .0002*
Urea (mmol/L) 5.10 = 1.28 (3.52 to 8.56) 5.64 = 1.34 (3.4] to 8.53) .076
Systolic blood pressure (mmHg) 117 = 9 (100 to 150) 115 = 8 (100 to 130) 479
Diastolic blood pressure (mmHg) 76 = 6 (60 to 80) 73 = 7 (60 to 80) 123

Note. Data were mean = SD (95% confidence-interval). ENSs = Exclusive Narghile Smokers; AHNSs = Apparently Healthy Nonsmokers; p =

probability.
*p < .05 (Mann—-Whitney U test): ENSs vs. AHNSs.
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Table 4. Metabolic Profiles of the Two Groups of ENSs and AHNSs.

ENSs (n = 29) AHNSs (n = 29) p

Android obesity 23 (79.3) 17 (59.6) .08
Systolic blood pressure =130 mmHg 3(10.3) 3(10.3) 1.00
Diastolic blood pressure =85 mmHg 0 (0.0) 0 (0.0) 1.00
Hypertension 3(10.3) 3(10.3) 1.00
Fasting blood glycaemia =5.6 mmol/L Il (37.9) 14 (48.2) 44
Hypertriglyceridemia 15 (51.7) 3(10.7) <.001*
Low high-density lipoprotein cholesterol (<1.03 mmol/L) 18 (62.0) 24 (82.7) .04*
Metabolic syndrome 15 (51.7) 10 (34.5) .18

Note. Data were number (%). ENSs = Exclusive Narghile Smokers; AHNSs = Apparently Healthy Nonsmokers; p = probability.

*p < .05 (x* test): ENSs vs. AHNSs.

frequencies of participants with a low HDL-C who were
similar between the ENSs’ and AHNSs’ groups (65.0%
vs. 82.1%; p = .187).

Discussion

Two groups of 29 ENSs of more than five NY and 29
AHNSs were compared. On the one hand, the ENSs’
group included a significantly lower percentage of males
having low HDL-C (62.0% vs. 82.7%), but significantly
higher percentages of males having obesity (37.9% vs.
6.9%) or hypertriglyceridemia (51.7% vs. 10.7%). On the
other hand, the two groups of ENSs and AHNSs included
similar percentages of males having normal weight
(17.2% vs. 31.0%); overweight (44.8% vs. 62.1%);
android obesity (79.3% vs. 59.6%), arterial hypertension
(10.3% vs. 10.3%), raised FBG (37.9% vs. 48.2%), and
MetS (51.7% vs. 34.5%). However, narghile use alters
some biochemical data such as TG and uric acid: com-
pared to the AHNSs’ group, the ENSs’ one had signifi-
cantly higher values of TG (1.22 = 0.40 vs. 1.87 £ 0.85
mmol/L) and uric acid (275.26 £ 62.27 vs. 324.43 *+
44.07 umol/L). To the best of the authors’ knowledge,
this is the first specific comparative study exploring the
adverse effects of narghile use on some biochemical data
and metabolic profile. Box 1 highlights the novelty of this
study compared to what is known in this area.

For some years, narghile use has been considered as a
global threat and has been given the status of an epidemic
by public health officials (Aslam et al., 2014). The harm-
ful effects of narghile use on smokers’ biochemical data
and metabolic profile highlighted in this study are part of
a more general phenomenon (Ben Saad, 2010; Bou
Fakhreddine et al., 2014; Chaouachi, 2015; El-Zaatari
et al., 2015; Khemiss et al., 2016; Waziry et al., 2017).
Although the harmful effects of cigarette consumption on
health have been well documented, those of narghile use
on biochemical data and/or metabolic profiles are less
studied. A 2017 updated systematic review and meta-
analysis (Waziry et al., 2017), including just one study

Box I. Highlights: Novelty of the present research compared
to what is known in this area.

WHAT IS KNOWN IN THIS AREA

e According the 2015 WHO advisory notes on narghile use,
studies related to the epidemiology of narghile-associated
disease risk are recommended.

e Studies about the effects of narghile use on biochemical data
and metabolic profile are scarce and reported controversial
conclusions.

NOVELTY OF THE PRESENT RESEARCH

e This study aimed to compare the biochemical data and the
metabolic profile of ENSs (n = 29) with AHNSs (n = 29).

e Compared to the AHNSs’ group, the ENSs’ one had
higher values of BMI, WC, and TG. The ENSs’ group
included a lower percentage of participants having low
HDL-C, but higher percentages of participants having
obesity or hypertriglyceridemia.

e ENSs’ and AHNSs’ groups had similar values of FBG,

TC, HDL-C, LDL-C, and BP. The two groups included
similar percentages of participants having normal weight;
overweight; android obesity, hypertension, hyperglycemia,
and metabolic syndrome.

IMPLICATIONS FOR FUTURE RESEARCH

e There is a need to monitor narghile use among metabolic
patients and include this information in their medical
charts in the same manner cigarette consumption is
documented.

(Shafique et al., 2012), reported that narghile use is likely
to be associated with MetS (odds ratio [OR]: 1.63—1.95).
Studies analyzing the biochemical data and the metabolic
profile of ENSs are scarce, and to the finest of the authors’
knowledge, only six have been published (Al Mutairi
et al., 2006; Hallit et al., 2017; Koubaa et al., 2015;
Mahassni & Alajlany, 2017; Saffar Soflaei et al., 2018;
Shafique et al., 2012). Their designs and the characteris-
tics of included participants were exposed in Table 3S
(Appendix). The aforementioned studies had several
methodological limitations and yielded conflicting results
(Tables 4S and 5S, Appendix). As specialists in the field
of endocrinology and metabolic diseases are almost cer-
tain to encounter NSs amongst their patients, it is
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important to inform them of the significantly detrimental
impacts of narghile use on smokers’ biochemical data and
how it can really lead to some metabolic problems.

Nosology

Narghile is a sort of tobacco smoking. Charcoal heats
tobacco which produces smoke that passes through water
before being inhaled. Additional information about the
different synonyms used to refer to narghile, the different
names for the tobacco smoked during narghile use, and
the different parts of a modern narghile are highlighted in
the Appendix.

Discussion of the Methodology

Discussion relative to the following points is highlighted
in the Appendix: study design, sample size, applied medi-
cal questionnaire, narghile-use quantification, used
tobacco, exposure level, number of examiners, and statis-
tical analysis. Only the inclusion and the noninclusion
criteria, the recruitment method, the comparison with
control groups; the collected data, the applied definitions,
and the study limitations will be discussed.

The noninclusion criteria varied between relative stud-
ies (Table 3S). This makes the comparison between their
data difficult. Since the prevalence of MetS is sex depen-
dent (Rochlani, Pothineni, & Mehta, 2015) and increases
with age (Ribeiro et al., 2018) and since some biochemi-
cal data are directly associated with sex (e.g., males expe-
rienced greater FBG levels than females [Mahassni &
Alajlany, 2017]), only males aged 20-45 years were
included. In relative studies, age varied between 18 years
(Hallit et al., 2017) and 75 years (Shafique et al., 2012),
and in some, both sexes were included (Al Mutairi et al.,
2006; Hallit et al., 2017, Mahassni & Alajlany, 2017;
Shafique et al., 2012; Table 3S). All similar studies
reported the “exclusive” character of the narghile use (Al
Mutairi et al., 2006; Hallit et al., 2017; Koubaa et al.,
2015; Mahassni & Alajlany, 2017; Saffar Soflaei et al.,
2018; Shafique et al., 2012). This is a strong point,
because ignoring the profile of volunteers participating in
the experiment is a methodological error (Chaouachi,
2006). The body keeps a memory of the smokers’ physi-
ological and behavioral practices (Chaouachi, 2009). For
this reason, only ENSs should be evaluated in the group
of NSs. Some important noninclusion criteria (e.g.,
known history of metabolic and/or CVDs and any spe-
cific treatment for lipid abnormality) known to modify
the biochemical data were applied in order to avoid any
confusion. In this study, the type of narghile tobacco
(moassel and/or jurak) was identified. This important
information, neglected in some studies (Hallit et al.,
2017; Koubaa et al., 2015; Mahassni & Alajlany, 2017;
Saffar Soflaei et al., 2018; Shafique et al., 2012), makes

comparisons complicated because in case of other used
narghile tobacco (such as tombak frequently used in
Saudi Arabia) in comparison to tabamel, the pattern is
different (Ben Saad, 2009). It is established that socioeco-
nomic and/or schooling levels impact the prevalence of
MetS with higher education and/or income associated
with lower prevalence (Kim, Kim, & Jee, 2018). In the
study of Shafique et al. (2012), the socioeconomic levels
of the ENSs and HNSs were different (Tables 3S and 4S).
In this study, the two groups were matched with the
socioeconomic and schooling levels. The two groups
higher percentages of participants with high socioeco-
nomic and schooling levels (Table 1) reflected the “real
life” as previously seen in a local study aiming at evaluat-
ing the smokers’ handicap status (Ben Hadj Mohamed &
Ben Saad, 2016) or in a Libyan study (Sugathan &
Swaysi, 2014) where 75.2% and 86.6% of ENSs were,
respectively, having education up to secondary school or
college and of high income group. The higher frequencies
of android obesity (59.6%) and MetS (34.5%) observed
in the AHNSs’ group also reflect the “real life” of Tunisian
male adults (Gannar et al., 2015). In a sample of 393
adults aged 1875 years and randomly recruited from the
general population, the prevalences of android obesity
and MetS were respectively, 47.1% and 38.5% (Gannar
et al.,, 2015). As done in some studies, ENSs were
recruited via flyers distributed in the local city cafés (Al
Mutairi et al., 2006) and AHNSs from acquaintances of
people involved in this study (Mahassni & Alajlany,
2017; Shafique et al., 2012). Other recruitment methods,
highlighted in Table 3S, were reported. In this study, and
as done in some relative ones (Al Mutairi et al., 2006;
Hallit et al., 2017; Koubaa et al., 2015; Table 3S), partici-
pants were selected by a convenience sampling. Similarly
to any study using this recruitment method for its relative
ease of access to volunteers, availability and the quick-
ness with which data can be gathered, there was a possi-
bility of volunteer bias (Ganguli, Lytle, Reynolds, &
Dodge, 1998). The inclusion of volunteers during clinical
studies leads to a selection bias because researchers may
unconsciously approach some kinds of respondents and
avoid others, and so the sample might not represent the
population as a whole (Lucas, 2014).

As previously carried out by some authors (Al Mutairi
et al., 2006; Hallit et al., 2017; Koubaa et al., 2015;
Mahassni & Alajlany, 2017; Saffar Soflaei et al., 2018;
Shafique et al., 2012), a control group of AHNSs was
included. In some relative studies, additional control
groups of ECSs and/or mixed smokers (MSs) of narghile
and cigarettes, and ex-ECSs were included (Table 3S).
Taking four groups of HNSs, ENSs, ECSs and MSs (as
done by Saffar Soflaei et al., 2018) or three groups of
HNSs, ENSs and ECSs (as done by Hallit et al., 2017) into
a single study seems to have little precedent in the litera-
ture and raises some questions, such as whether the
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prevalence of some epidemiological data (e.g., schooling
and socioeconomic levels) in those groups was
comparable.

As it was carried out in some relative studies (Table
4S), the following anthropometric and fasting blood bio-
chemical data were noted/collected: BMI, WC, SBP,
DBP, FBG, TG, TC, HDL-C, LDL-C, uric acid, creati-
nine, urea. Some additional biochemical data were pre-
sented as ratios: HDL-C/LDL-C, HDL-C/TG, and TC/
HDL-C (Table 4S). As performed in scarce relative stud-
ies (Tables 4S and 58S), the following entities have been
also investigated: obesity status, android obesity, low
HDL-C, hypertriglyceridemia, hyperglycemia, hyper-
tension, and MetS. As done by Saffar Soflaei et al.
(2018), it was better to add an additional entity, such as
dyslipidemia (Table 4S). In this study, the MetS was the
main outcome used to evaluate the metabolic profile and
to calculate the sample size. As done by some authors
(Saffar Soflaei et al., 2018; Shafique et al., 2012), the
MetS was defined according to the International Diabetes
Federation 2006 consensus (IDF, 2006). Compared to
this study’s MetS criteria, the aforementioned two
(Saffar Soflaei et al., 2018; Shafique et al., 2012) had
two main differences. These differences concern the
applied WC threshold (e.g., for males: 94 vs. 90; Saffar
Soflaei et al., 2018; Shafique et al., 2012) and the consid-
eration of specific treatments for lipid abnormality, and/
or hypertension and/or MD (Saffar Soflaei et al., 2018;
Shafique et al., 2012). In this study, the applied defini-
tions for low HDL-C, hypertriglyceridemia, hyperglyce-
mia, and hypertension were similar to these retained by
Shafique et al. (2012).

This study presents three limitations. The major one
was the lack of evaluation of the diet regimen and physi-
cal activity status of the participants. As highlighted by
Shafique et al. (2012), differential dietary intake and
physical activity may have confounded the apparent rela-
tionship between narghile use and MetS and/or biochemi-
cal data. On the one hand, one meta-analysis concluded
that low glycemic index diets reduce TC and LDL-C but
have no effect on HDL-C or TG (Goff, Cowland, Hooper,
& Frost, 2013), and another study identified that a vege-
tarian diet was associated with lower HDL-C concentra-
tions (Jian et al., 2015). On the other hand, “light” and
“moderate-to-vigorous” physical activities had a differ-
ential effect on risk markers of cardio-metabolic health
(Duvivier et al., 2018). One meta-analysis indicated that
dietary and/or physical activity interventions for MetS
reduce android obesity with no adverse effects (Duvivier
et al., 2018). BMI was evaluated as another proxy mea-
sure of dietary intake and physical activity. As compared
to the AHNSs’ group, the ENSs” one had a higher BMI
and included a higher percentage of obese males (Table
1), so we can hypothesize that the two groups had

different diet regimens and physical activity status. Given
that narghile is smoked in gatherings with people sitting
around, exposure to second-hand smoke may have some
influence on this study’s results. Some of the AHNSs may
have been exposed to second-hand smoke through con-
taminated air and this resulted in an impairment in their
metabolic profile as well. If this was true, it is unlikely to
affect the observed relationship of narghile use and MetS.
However, the harmful effects of narghile use observed in
this study may have been attenuated and true effect may
even be stronger than the observed effect. The last limita-
tion concerns the inclusion of a higher percentage of
ENSs who were regular alcohol consumers (Table 1).
This could be a source of confusion and could influence
some reported biochemical data (De Oliveira et al., 2000;
Ejilemele & Orluwene, 2010). In fact, biochemical abnor-
malities (e.g., hypoglycemia, high HDL-C) are common
among chronic alcoholics (De Oliveira et al., 2000;
Ejilemele & Orluwene, 2010). However, according to the
literature, it seems that among lifetime NSs, 17% (Jawad,
McEwen, McNeill, & Shahab, 2013) to 28.6% (Danaei,
Jabbarinejad-Kermani, Mohebbi, & Momeni, 2017) were
lifetime alcoholics. Moreover, Hallit et al. (2017) reported
that 73.3% of current CSs who were current NSs were
alcohol consumers. Consequently, it seems that this study
ENSs’ group reflected the “real life” of NSs as seen in
practice. Moreover, a recent meta-analysis suggested that
heavy alcohol consumption might be associated with an
increased risk of MetS while very light alcohol consump-
tion seemed to be associated with a reduced risk of MetS
(Sun et al., 2014).

Discussion of Results

Compared to the AHNSs’ group, the ENSs’ one had sig-
nificantly higher weight, BMI, WC, TG, and uric acid,
but a significantly lower value of creatinine. The ENSs’
group included a significantly lower percentage of males
having low HDL-C; nevertheless, significantly higher
percentages of males having obesity or hypertriglyceride-
mia. Conversely, the two groups included similar per-
centages of males having normal weight; overweight;
android obesity, arterial hypertension, raised FBG, and
MetS. Moreover, the latter were matched with FBG, TC,
HDL-C, LDL-C, urea, and SBP and DBP values.

Effects on anthropometric data and obesity status. This
study’s findings concerning weight, BMI, and WC (Table
1) are intermediate between these reported in two similar
ones (Koubaa et al., 2015; Shafique et al., 2012; Table
4S). On the one hand, and contrary to this study’s find-
ings, Koobaa et al. (2015) reported that the three groups
of ENSs, ECSs, and HNSs were matched with weight and
BMI. On the other hand, and as noted in this study,
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Shafique et al. (2012) reported that compared to the
HNSs’ group, the ENSs’ group had a significantly higher
WC (81 = 12 vs. 85 £ 13 cm). A recent population-based
study aiming at evaluating the relationship between
narghile use and weight, concluded that daily NSs, com-
pared to HNSs, had higher BMI, translating into 6 extra
kilograms of weight on average (Ward et al., 2015).

Compared to the AHNS’ group, the ENS’ group
included a higher percentage of obese males (Table 1).
This result is in line with that reported by Saffar Soflaei
et al. (2018) who noted a positive association between
narghile use and obesity, which was not established in
case of cigarette consumption (Table 4S). This obesity
can be related to the sedentary life style opted by ENSs
(Ben Hadj Mohamed & Ben Saad, 2016; Ben Saad et al.,
2014).

Effects on blood pressures data. The finding of this study
concerning blood pressures (Table 3) is opposite to that
reported by Shafique et al. (2012) who noted significantly
higher SBP and DBP values in ENSs compared to HNSs
(130 = 22 vs. 124 £ 20 mmHg and 74 £ 10 vs. 72 = 10
mmHg, respectively). A previous local study aiming at
evaluating the deficiency and incapacity of ENSs com-
pared to HNSs identified a significant difference between
their DBP (85 £ 10 vs. 78 £ 16 mmHg), nevertheless
their SBP were similar (132 = 13 vs. 129 = 18 mmHg;
Ben Saad et al., 2014). A recent systematic review high-
lighted that narghile use was associated with an increase
in blood pressure (Haddad et al., 2016).

Effects on blood lipid data. Lipid data are an integral part
of the search for the factors of cardiovascular risk. The
two groups of ENSs and AHNSs were matched with TC,
HDL-C, and LDL-C. Compared to the AHNSs’ group,
the ENSs’ group had significantly higher TG values
(Table 3). The effects of narghile use on the aforemen-
tioned data are controversial (Table 4S).

Similar to this study’s findings, some authors reported
that compared to the HNSs’ group, the ENSs’ group had
significantly higher TG values (1.6 = 1.0 vs. 1.4 = 0.90
mmol/L [Shafique et al., 2012]; 1.38 = 0.32 vs. 0.9 =
0.02 mmol/L [Koubaa et al., 2015]). In some other stud-
ies, no statistical difference between TG values of ENSs
as compared to HNSs (Al Mutairi et al., 2006; Saffar
Soflaei et al., 2018), to ECSs (Al Mutairi et al., 2006;
Koubaa et al., 2015; Saffar Soflaei et al., 2018), to MSs
(Saffar Soflaei et al., 2018), and to ex-ECS (Saffar Soflaei
et al., 2018) was found.

Similar to this study’s findings, no statistical differ-
ence between TC values of ENSs as compared to HNSs
was identified in a Tunisian study (Koubaa et al., 2015).
Comparison of ENSs TC values with these of ex-ECSs
(Saffar Soflaei et al., 2018) or MSs (Saffar Soflaei et al.,

2018) reported similar data. Saffar Soflaei et al. (2018)
reported that compared to the HNSs’ group, the ENSs one
had significantly lower TC values (4.93 = 0.97 vs. 4.97
* 1.02 mmol/L). Comparisons of TC values between
ENSs and ECSs are also controversial. While Saffar
Soflaei et al. (2018) identified similar data between the
two groups, Koubaa et al. (2015) reported that compared
to the ECSs’ group, the ENSs’ group had significantly
lower TC values (4.36 = 0.11 vs. 4.48 = 0.09 mmol/L).

Akin to the results of this study, no statistical differ-
ence between HDL-C values of ENSs compared to HNSs
was reported in two studies (Al Mutairi et al., 2006;
Shafique et al., 2012). Comparisons of ENSs HDL-C val-
ues with those of ECSs (Al Mutairi et al., 2006; Koubaa
et al., 2015; Saffar Soflaei et al., 2018), ex-ECSs (Saffar
Soflaei et al., 2018), or MSs (Saffar Soflaei et al., 2018)
identified similar data. Compared to the HNSs’ group, the
ENSs’ group had significantly lower HDL-C values (1.12
* 0.12 vs. 0.97 = 0.05 mmol/L [Koubaa et al., 2015];
1.12 = 0.26 vs. 1.09 £ 0.23 mmol/L).

In accordance with this study’s findings, no statistical
difference between LDL-C values of ENSs compared to
HNSs was identified in two studies (Al Mutairi et al.,
2006; Koubaa et al., 2015). Comparisons of ENSs LDL-C
values with these of ECSs (Al Mutairi et al., 2006; Koubaa
et al., 2015; Saffar Soflaei et al., 2018), ex-ECSs (Saffar
Soflaei et al., 2018) or MSs (Saffar Soflaei et al., 2018)
reported comparable data. One study (Saffar Soflaei et al.,
2018) established that compared to the HNSs’ group, the
ENSs’ group had significantly higher LDL-C values (3.01
+0.92 vs. 3.03 = 0.97 mmol/L). It is important to high-
light that the LDL-C mean value of ENSs reported by
Hallit et al. (2017) (4.24 = 0.65 mmol/L) was the highest
one among all relative studies (Table 4S). Hallit et al.
(2017) highlighted two additional results: (a) The LDL-C
of ENSs correlated with SBP, DBP, TC, and BMI, but did
not correlate with WC, heart rate, HDL-C, TG, and FBG.
(b) Among the current CSs who were current NSs, a sig-
nificant increase in LDL-c level was observed relative to
current CSs who were not NSs.

Effects on FBG. The effects of narghile use on FBG are
controversial (Table 4S). Akin to this study’s findings,
some authors (Mahassni & Alajlany, 2017; Saffar Soflaei
et al., 2018) identified no difference between FBG values
of ENSs as compared to HNSs (Mahassni & Alajlany,
2017; Saffar Soflaei et al., 2018), ex-ECSs (Saffar Soflaei
et al., 2018), or MSs (Saffar Soflaei et al., 2018). In other
studies (Saffar Soflaei et al., 2018; Shafique et al., 2012),
FBG mean values were significantly higher in ENSs as
compared to HNSs (5.2 £ 1.7 vs. 4.9 = 1.2 mmol/L;
Shafique et al., 2012) or to ECSs (5.14 £ 2.33 vs. 4.86 =
1.88 mmol/L; Saffar Soflaei et al., 2018).
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Effects on uric acid, urea, and creatinine data. Only one
related study (Saffar Soflaei et al., 2018) evaluated the
abovementioned data. Contrary to this study’s results,
where compared to the AHNSs’ group, the ENSs’ group
had a significantly higher uric acid mean value (Table 3),
Saffar Soflaei et al. (2018) reported that the two groups
were matched for this data (Table 4S). The authors indi-
cated that compared to the ECSs’ group, the ENSs’ one
had lower uric acid values (274.82 = 83.28 vs. 259.33 =
78.51 umol/L; Saffar Soflaei et al., 2018). Contrarily to
these study results, where compared to the AHNSs’
group, the ENSs’ one had a significantly lower creatinine
mean value (Table 3), Saffar Soflaei et al. (2018) revealed
that the two groups matched this data (Table 4S). The
authors reported no significant difference between ENSs
and ECSs or ex-ECSs or MSs. Similarly, to this study
findings (Table 3), Saffar Soflaei et al. (2018) indicated
that the ENSs” and ECSs’ groups were matched with the
urea values (Table 45).

Effects on metabolic profile. Only one previous study
(Shafique et al., 2012) evaluated the metabolic profile of
ENSs and HNSs (Table 5S). The authors (Shafique et al.,
2012) noted that compared to HNSs, ENSs were signifi-
cantly more likely to have hypertriglyceridemia (OR:
1.60), hyperglycemia (OR: 1.88), hypertension (OR:
1.31), and android obesity (OR: 1.21). In a Libyan cross-
sectional study including 242 regular ENSs, prevalences
of hypertension, DM, and ischemic heart disease were
44.5%, 33.9%, and 8.5%, respectively (Sugathan &
Swaysi, 2014). The aforementioned reported health prob-
lems were significantly higher among NSs aged 35 years
and more, with a narghile duration-use higher than 20
years, and who smoked more than thrice a week (Suga-
than & Swaysi, 2014).

The unexpected lower percentage of ENSs having low
HDL-C (62.0%) compared to that observed in AHNSs
(82.7%) can be explained by the higher frequency of alco-
hol consumers included in the ENSs group (Table 1; Dai
et al., 1985; De Oliveira et al., 2000). Indeed, the exclusion
of alcohol consumers provided comparable percentages
between the two groups (Table 2S). In fact, it was previ-
ously identified that alcohol consumption increases
HDL-C in a dose-dependent fashion, associated with and
possibly caused by, an increase in the transport rate of HDL
apolipoproteins apoA-I and —II (De Oliveira et al., 2000).

Smoking has been consistently linked with CVD;
recent evidence suggests that MetS is the potential link
between tobacco smoking and CVDs (Dzien et al., 2004).
MetS is a cluster of risk factors which have revealed a
strong relationship with the risk of CVDs. Individuals
with MetS are twice as likely to die from CVDs, and three
times more likely to have a heart attack/stroke compared
with people without MetS (IDF, 2006). The unexpected

result concerning the frequencies of MetS (Table 4) is
contrary to that observed in two previous studies (Saffar
Soflaei et al., 2018; Shafique et al., 2012; Table 5S). On
the one hand, Shafique et al. (2012) reported that age
adjusted-prevalence of MetS was significantly higher
among ENSs (33.1%) compared with HNSs (14.8%).
ENSs were three times more likely to have MetS com-
pared with HNSs after adjustment of age, sex, and social
class (Shafique et al., 2012). Saffar Soflaei et al. (2018)
noted a positive association between narghile use and
MetS, which was not established in cigarette consump-
tion. Prevalence of MetS was significantly higher in
ENSs (46.8%) in comparison with HNSs (38.8%). The
higher percentage of ENSs who were lighter alcohol con-
sumers can be advanced to explain the lack of a signifi-
cant difference between the two groups concerning the
frequency of MetS, since very light alcohol consumption
seemed to be associated with a reduced risk of MetS (Sun
et al., 2014). The above hypothesis cannot be retained
since a similar result was observed after exclusion of
alcohol consumers (Table 2S).

Other interesting results, relative to percentages of
participants with CVDs, or DM, or dyslipidemia, were
observed by Saffar Soflaie et al. (2018). The authors
stated that after adjustment of age and sex, the presence
of CVDs (12.9%, 13.6%, 19.0%, 10.0%, and 12.3%,
respectively, in NSs, current-CSs, ex-CSs, MSs, and
HNSs), DM (17.1%, 9.8%, 18.9%, 16.2%, and 14.0%,
respectively in NSs, current-CSs, ex-CSs, MSs, and
HNSs), and dyslipidemia (67.1%, 75.1%, 70.9%, 80.5%,
and 65.5%, respectively in NSs, current-CSs, ex-CSs,
MSs, and HNSs) was significantly related to the smoking
status. Moreover, dyslipidemia was associated with
narghile use. In a Lebanon study performed on patients
undergoing cardiac catheterization, Platt et al. (2017)
noted that MI was significantly and independently associ-
ated with narghile use (OR: 1.33), which is lower than
that for cigarette consumption (OR:1.87). Moreover, only
DM presented significant association with narghile use
among MI enrollees (OR: 1.66).

Underlying mechanisms of narghile use. These study find-
ings are biologically plausible in many ways related to
the harmful effects of the narghile smoke compounds.
The biological mechanisms responsible for the effects of
narghile use on smokers’ biochemical data are not elu-
sive. Some mechanisms, related to the effects of some
deleterious gases included in the narghile smoke, are
advanced and detailed in the Appendix.

Public Health Implications

Health education and awareness are perhaps the most
crucial interventions required to be delivered for NSs, so
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that the false perceptions about the narghile-use harm-
lessness can be changed and its adverse effects could be
assessed by the community. There is a need to monitor
narghile use among metabolic patients and include this
information in their medical charts in the same manner
that cigarette consumption is documented. This is likely
to increase awareness of the hazards of narghile use and
prompt physicians to target narghile tobacco control by
providing their patients with advice about narghile-use
cessation.

In conclusion, narghile use alters some metabolic data
(e.g., TG, uric acid, and creatinine) and some constituents
of MetS (e.g., hypertriglyceridemia). Thus, global actions
against this type of smoking are necessary.

Abbreviations list

AHNSs: apparently healthy nonsmokers
BMI: body mass index

CSs: cigarette smokers

CVDs: cardiovascular diseases

DBP: diastolic blood pressure

DM: diabetes mellitus

ECSs: exclusive cigarette smokers
ENSs: exclusive narghile smokers
FBG: fasting blood glycemia

HDL-C: high-density lipoprotein cholesterol
HNSs: healthy nonsmokers

LDL-C: low-density lipoprotein cholesterol
MetS: metabolic syndrome

MI: myocardial infarction

MSs: mixed smokers

NSs: narghile smokers

NY': narghile/year

OR: odds ratio

SBP: systolic blood pressure

SD: standard deviation

TC: total cholesterol

TG: triglycerides

WC: waist circumference

WHO: World Health Organization

CI: confidence interval

Acknowledgments

Authors wish to express their sincere gratitude to professor
Molka CHAIEB (Department of Endocrinology, University
Hospital Farhat HACHED, Sousse, Tunisia), and to all partici-
pants for their cooperation.

Authors’ contributions

YH, SB, and HBS: Literature search, data collection,
study design, analysis of data, manuscript preparation,
and review of manuscript.

MM, AM, and SR: Study design, data analysis, manu-
script preparation, and review of manuscript.

All authors read and approved the final manuscript.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of inter-
est with respect to the research, authorship, and/or publication
of this article: HBS reports personal fees from AstraZeneca,
Boehringer Ingelheim, INPHA-MEDIS and Chiesi. The remain-
ing authors declare that they have no conflicts of interest con-
cerning this article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Supplemental Material

Supplemental material for this article is available online.

ORCID iD

Helmi Ben Saad https://orcid.org/0000-0002-7477-2965

References

Akl, E. A., Gunukula, S. K., Aleem, S., Obeid, R., Jaoude,
P. A., Honeine, R., & Irani, J. (2011). The prevalence
of waterpipe tobacco smoking among the general and
specific populations: A systematic review. BMC Public
Health, 11, 244.

Al Mutairi, S. S., Shihab-Eldeen, A. A., Mojiminiyi, O. A., &
Anwar, A. A. (2006). Comparative analysis of the effects
of hubble-bubble (Sheesha) and cigarette smoking on
respiratory and metabolic parameters in hubble-bubble and
cigarette smokers. Respirology, 11(4), 449-455.

Alzaabi, A., Mahboub, B., Salhi, H., Kajingu, W., Rashid, N., &
El-Hasnaoui, A. (2017). Waterpipe use in the Middle East
and North Africa: Data from the breathe study. Nicotine &
Tobacco Research, 19(11), 1375-1380.

Aslam, H. M., Saleem, S., German, S., & Qureshi, W. A. (2014).
Harmful effects of shisha: Literature review. International
Archives of Medicine, 7, 16.

Ben Hadj Mohamed, G., & Ben Saad, H. (2016). Handicap sta-
tus of exclusive narghile smokers compared to exclusive
cigarette smokers: A case control-study. Egyptian Journal
of Chest Diseases and Tuberculosis, 65(2), 397-403.

Ben Saad, H. (2009). The narghile and its effects on health. Part
I: The narghile, general description and properties. Revue
de Pneumologie Clinique, 65(6), 369-375.

Ben Saad, H. (2010). The narghile and its effects on health.
Part II: The effects of the narghile on health. Revue de
Pneumologie Clinique, 66(2), 132—144.

Ben Saad, H., Babba, M., Boukamcha, R., Ghannouchi,
I., Latiri, 1., Mezghenni, S., & Rouatbi, S. (2014).
Investigation of exclusive narghile smokers: Deficiency
and incapacity measured by spirometry and 6-minute walk
test. Respiratory Care, 59(11), 1696-1709.

Bou Fakhreddine, H. M., Kanj, A. N., & Kanj, N. A. (2014).
The growing epidemic of water pipe smoking: Health
effects and future needs. Respiratory Medicine, 108(9),
1241-1253.


https://orcid.org/0000-0002-7477-2965

12

American Journal of Men’s Health

Bouguerra, R., Alberti, H., Smida, H., Salem, L. B., Rayana, C.
B., El1 Atti, J., & ... Alberti, K. G. (2007). Waist circumfer-
ence cut-off points for identification of abdominal obesity
among the Tunisian adult population. Diabetes, Obesity &
Metabolism, 9(6), 859-868.

Chaouachi, K. (2006). A critique of the WHO TobReg’s
“Advisory Note” report entitled: “Waterpipe tobacco
smoking: Health effects, research needs and recommended
actions by regulators”. Journal of Negative Results in
Biomedicine, 5, 17.

Chaouachi, K. (2009). Hookah (Shisha, Narghile) Smoking and
Environmental Tobacco Smoke (ETS). A critical review of
the relevant literature and the public health consequences.
International Journal of Environmental Research and
Public Health, 6(2), 798-843.

Chaouachi, K. (2015). Use & misuse of water-filtered tobacco
smoking pipes in the world. Consequences for public
health, research & research ethics. The Open Medicinal
Chemistry Journal, 9, 1-12.

Dai, W. S., LaPorte, R. E., Hom, D. L., Kuller, L. H.,
D’Antonio, J. A., Gutai, J. P., ...Wohlfahrt, B. (1985).
Alcohol consumption and high density lipoprotein choles-
terol concentration among alcoholics. American Journal of
Epidemiology, 122(4), 620—-627.

Danaei, M., Jabbarinejad-Kermani, A., Mohebbi, E., & Momeni,
M. (2017). Waterpipe tobacco smoking prevalence and
associated factors in the southeast of Iran. Addiction &
Health, 9(2), 72—-80.

De Oliveira, E. S. E. R., Foster, D., McGee Harper, M.,
Seidman, C. E., Smith, J. D., Breslow, J. L., & Brinton,
E. A. (2000). Alcohol consumption raises HDL cholesterol
levels by increasing the transport rate of apolipoproteins
A-I and A-IL. Circulation, 102(19), 2347-2352.

Duvivier, B., Bolijn, J. E., Koster, A., Schalkwijk, C. G.,
Savelberg, H., & Schaper, N. C. (2018). Reducing sitting
time versus adding exercise: Differential effects on bio-
markers of endothelial dysfunction and metabolic risk.
Scientific Reports, 8(1), 8657.

Dzien, A., Dzien-Bischinger, C., Hoppichler, F., & Lechleitner,
M. (2004). The metabolic syndrome as a link between
smoking and cardiovascular disease. Diabetes, Obesity &
Metabolism, 6(2), 127-132.

Ejilemele, A. A., & Orluwene, C. G. (2010). Biochemical
changes in chronic alcoholics in Port Harcourt: The report
of a pilot survey. The Nigerian Postgraduate Medical
Journal, 17(2), 154-159.

El-Zaatari, Z. M., Chami, H. A., & Zaatari, G. S. (2015). Health
effects associated with waterpipe smoking. Tobacco
Control, 24( Suppl 1), i31-143.

Friedewald, W. T., Levy, R. 1., & Fredrickson, D. S. (1972).
Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative ultra-
centrifuge. Clinical Chemistry, 18(6), 499-502.

Ganguli, M., Lytle, M. E., Reynolds, M. D., & Dodge, H. H.
(1998). Random versus volunteer selection for a commu-
nity-based study. The Journals of Gerontology. Series A,
Biological Sciences and Medical Sciences, 53(1), M39—
M46.

Gannar, F., Cabrera de Leon, A., Brito Diaz, B., Del Cristo
Rodriguez Perez, M., Marcelino Rodriguez, 1., Ben
Dahmen, F., ... Attia, N. (2015). Social class and metabolic
syndrome in populations from Tunisia and Spain.
Diabetology & Metabolic Syndrome, 7, 88.

Goff, L. M., Cowland, D. E., Hooper, L., & Frost, G. S. (2013).
Low glycaemic index diets and blood lipids: A systematic
review and meta-analysis of randomised controlled tri-
als. Nutrition, Metabolism, and Cardiovascular Diseases,
23(1), 1-10.

Haddad, L., Kelly, D. L., Weglicki, L. S., Barnett, T. E., Ferrell,
A. V., & Ghadban, R. (2016). A Systematic review of
effects of waterpipe smoking on cardiovascular and respi-
ratory health outcomes. Tobacco Use Insights, 9, 13-28.

Hallit, S., Zoghbi, M., Hallit, R., Youssef, L., Costantine, R.,
Kheir, N., & Salameh, P. (2017). Effect of exclusive ciga-
rette smoking and in combination with waterpipe smok-
ing on lipoproteins. Journal of Epidemiology and Global
Health, 7(4), 269-275.

International Diabetes Federation. (2006). The International
Diabetes Federation consensus worldwide definition of the
metabolic syndrome, 2006. Retrieved from: https://www.
idf.org/e-library/consensus-statements/60-idfconsensus-
worldwide-definitionof-the-metabolic-syndrome.html.
Last visit: December 19" 2018.

Jawad, M., McEwen, A., McNeill, A., & Shahab, L. (2013). To
what extent should waterpipe tobacco smoking become a
public health priority? Addiction, 108(11), 1873—-1884.

Jian, Z. H., Chiang, Y. C., Lung, C. C., Ho, C. C., Ko, P. C.,
Ndi Nfor, O., & ... Liaw, Y. P. (2015). Vegetarian diet
and cholesterol and TAG levels by gender. Public Health
Nutrition, 18(4), 721-726.

Kang, M., Ragan, B. G., & Park, J. H. (2008). Issues in outcomes
research: An overview of randomization techniques for clin-
ical trials. Journal of Athletic Training, 43(2), 215-221.

Khemiss, M., Rouatbi, S., Berrezouga, L., & Ben Saad, H.
(2016). Oral health effects associated with narghile use. La
Tunisie Medicale, 94(7), 401-411.

Kim, Y. H., Kim, H., & Jee, H. (2018). Effects of socioeco-
nomic status, health behavior, and physical activity on the
prevalence of metabolic syndrome. Journal of Exercise
Rehabilitation, 14(2), 183—191.

Kong, C. R., Barman, I., Dingari, N. C., Kang, J. W., Galindo,
L., Dasari, R. R., & Feld, M. S. (2011). A novel non-imag-
ing optics based Raman spectroscopy device for trans-
dermal blood analyte measurement. AIP Advances, 1(3),
32175.

Koubaa, A., Triki, M., Trabelsi, H., Baati, H., Sahnoun, Z., &
Hakim, A. (2015). The effect of a 12-week moderate inten-
sity interval training program on the antioxidant defense
capability and lipid profile in men smoking cigarettes or hoo-
kah: A cohort study. ScientificWorldJournal, 2015, 639369.

Lucas, S. R. (2014). An inconvenient dataset: Bias and inap-
propriate inference with the multilevel model. Quality &
Quantity, 48, 1619-1649.

Mahassni, S., & Alajlany, K. (2017). Levels of some electro-
lytes and glucose in Saudi water pipe smokers. Journal of
Health Research and Reviews, 4(1), 30.


https://www.idf.org/e-library/consensus-statements/60-idfconsensus-worldwide-definitionof-the-metabolic-syndrome.html
https://www.idf.org/e-library/consensus-statements/60-idfconsensus-worldwide-definitionof-the-metabolic-syndrome.html
https://www.idf.org/e-library/consensus-statements/60-idfconsensus-worldwide-definitionof-the-metabolic-syndrome.html

Hasni et al.

13

National Institute for Statistics and Economic Studies. (1993).
Socioprofessional Category Guideline. Paris: INSEE;
1993.

O’Brien, E., Asmar, R., Beilin, L., Imai, Y., Mallion, J. M.,
Mancia, G., & ... Verdecchia, P. (2003). European Society
of Hypertension recommendations for conventional, ambu-

latory and home blood pressure measurement. Journal of

Hypertension, 21(5), 821-848.

Platt, D. E., Hariri, E., Salameh, P., Helou, M., Sabbah, N.,
Merhi, M., & ... Zalloua, P. A. (2017). Association of
waterpipe smoking with myocardial infarction and determi-
nants of metabolic syndrome among catheterized patients.
Inhalation Toxicology, 29(10), 429-434.

Ribeiro, A. S., Seixas, R., Galvez, J. M., & Climent, V. (2018).
Cardiovascular risk factors: Is the metabolic syndrome
related to aging? Epidemiology in a Portuguese population.
Diabetes & Metabolic Syndrome, 12(6), 885-891.

Rochlani, Y., Pothineni, N. V., & Mehta, J. L. (2015).
Metabolic syndrome: Does it differ between women and
men? Cardiovascular Drugs and Therapy, 29(4), 329—
338.

Saffar Soflaei, S., Darroudi, S., Tayefi, M., Nosrati Tirkani, A.,
Moohebati, M., Ebrahimi, M., ... Ghayour-Mobarhan, M.
(2018). Hookah smoking is strongly associated with diabe-
tes mellitus, metabolic syndrome and obesity: A popula-
tion-based study. Diabetology & Metabolic Syndrome, 10,
33.

Shafique, K., Mirza, S. S., Mughal, M. K., Arain, Z. 1., Khan, N.
A., Tareen, M. F., & Ahmad, . (2012). Water-pipe smok-
ing and metabolic syndrome: A population-based study.
PLoS One, 7(7), €39734.

Shihadeh, A., Azar, S., Antonios, C., & Haddad, A. (2004).
Towards a topographical model of narghile water-pipe
cafe smoking: A pilot study in a high socioeconomic sta-
tus neighborhood of Beirut, Lebanon. Pharmacology,
Biochemistry, and Behavior, 79(1), 75-82.

Sugathan, S., & Swaysi, M. (2014). Reported health problems
among shisha or waterpipe smokers in Misurata, Libya.
International Journal of Preventive and Therapeutic
Medicine, 2(2).

Sun, K., Ren, M., Liu, D., Wang, C., Yang, C., & Yan, L.
(2014). Alcohol consumption and risk of metabolic syn-
drome: A meta-analysis of prospective studies. Clinical
Nutrition, 33(4), 596—602.

Taghizadeh, N., Vonk, J. M., & Boezen, H. M. (2016). Lifetime
smoking history and cause-specific mortality in a cohort study
with 43 years of follow-up. PLoS One, 11(4), €0153310.

Van Der Merwe, N. J. (1975). Cannabis smoking in 13"-14"
century Ethiopia: Chemical evidence. In V. Rubin (Ed.),

World Anthropology: Cannabis and Culture (pp. 77-80.):
The Hague: Mouton.

Ward, K. D., Ahn, S., Mzayek, F., Al Ali, R., Rastam, S., Asfar,
T., & ... Maziak, W. (2015). The relationship between
waterpipe smoking and body weight: Population-based
findings from Syria. Nicotine & Tobacco Research, 17(1),
34-40.

Waziry, R., Jawad, M., Ballout, R. A., Al Akel, M., & Akl, E.
A. (2017). The effects of waterpipe tobacco smoking on
health outcomes: An updated systematic review and meta-
analysis. International Journal of Epidemiology, 46(1),
32-43.

World Health Organization. (1999). World Health Organization
Consultation on Obesity (1999: Geneva, Switzerland) &
World Health Organization. (2000). Obesity : Preventing
and managing the global epidemic : report of a WHO con-
sultation. Geneva: World Health Organization. Available
from: http://www.who.int/iris/handle/10665/42330. Last
visit: December 19" 2018.

World Health Organization. (2005). Study group on tobacco
product regulation. Water pipe tobacco smoking: health
effects, research needs and recommended actions by
regulators 2005. Geneva, Switzerland: WHO. Retrieved
December 19 2018 from http://www.who.int/tobacco/
global_interaction/tobreg/Water%20pipe%?20recommen-
dation_Final.pdf.

World Health Organization. (2008a). MPOWER World
Health Organisation. The WHO report on the global
tobacco epidemic. Available from: http://apps.who.int/
iris/bitstream/handle/10665/43818/9789241596282 eng.
pdf?sequence=1. Last visit: December 19™ 2018.

World Health Organization. (2008b). Waist circumference and
waist-hip ratio. Report of a World Health Organisation
expert consultation, Geneva, 8-11 December 2008.
Available from: http://www.who.int/nutrition/publications/
obesity/ WHO report_waistcircumference and waisthip
ratio/en/ Last visit: December 19™ 2018,

World Health Organization. (2015). World Health Organisation
Advisory note: waterpipe tobacco smoking: 2nd edition
health effects, research needs and recommended actions for
regulators. Available from: http://www.who.int/tobacco/
publications/prod regulation/waterpipesecondedition/en/
Last visit: December 19™ 2018.

World Health Organization. (2017). World Health Organisation
report on the global tobacco epidemic, 2017. Monitoring
tobaccouseandpreventionpolicies. Available from: http://apps.
who.int/iris/bitstream/handle/10665/255874/9789241512824-
eng.pdf;jsessionid=90BE24010BOFAA6C3AF2A7519DAD
73997sequence=1. Last visit: December 19" 2018.


http://www.who.int/iris/handle/10665/42330
http://www.who.int/tobacco/global_interaction/tobreg/Water%20pipe%20recommendation_Final.pdf
http://www.who.int/tobacco/global_interaction/tobreg/Water%20pipe%20recommendation_Final.pdf
http://www.who.int/tobacco/global_interaction/tobreg/Water%20pipe%20recommendation_Final.pdf
http://apps.who.int/iris/bitstream/handle/10665/43818/9789241596282_eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/43818/9789241596282_eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/43818/9789241596282_eng.pdf?sequence=1
http://www.who.int/nutrition/publications/obesity/WHO_report_waistcircumference_and_waisthip_ratio/en/
http://www.who.int/nutrition/publications/obesity/WHO_report_waistcircumference_and_waisthip_ratio/en/
http://www.who.int/nutrition/publications/obesity/WHO_report_waistcircumference_and_waisthip_ratio/en/
http://www.who.int/tobacco/publications/prod_regulation/waterpipesecondedition/en/
http://www.who.int/tobacco/publications/prod_regulation/waterpipesecondedition/en/
http://apps.who.int/iris/bitstream/handle/10665/255874/9789241512824-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/255874/9789241512824-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/255874/9789241512824-eng.pdf

