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Metabolic differences between men and ®
women who are long-term users of the
water pipe: The Irbid WiHi project

Mahmoud A. Alomari, PhD, Omar F. Khabour, PhD, and Karem H. Alzoubi, PhD

Smoking tobacco and metabolic disorders are global epidemics associated with cardiovascular, immune, respiratory,

and metabolic diseases. Cigarette smoking seems to affect metabolic disorders. However; the effect of water pipe (Wp),

also called hookah, smoking duration on obesity and lipid profile is still a sparse. The present study examined the relation-

ship of smoking Wp with body weight (Bw), body mass index (BMI), total cholesterol, low-density lipoprotein cholesterol
(LDLc), high-density lipoprotein cholesterol (HDLc), total cholesterol/HDLc, LDLc/HDLc, and triglycerides. Obesity,
lipid profile, and smoking status were obtained from a total of 291 participants of which 147 smoked Wp. Smokers
were divided into 3 groups: smoked <10 years (Wpl) (n = 72), smoked 10-20 years (Wp2) (n = 43), and smoked >20 years
(Wp3) (n = 30). The ANCOVA revealed greater BMI and Bw and lipid profile measures in individuals smoking Wp vs never
(P < .01). Additional analysis revealed that Bw and BMI were greater in the women (n = 11) with longer Wp smoking
history (P < .05) but not the men (n = 19). In addition, Tc, LDLc, Tc/HDLc, and LDLc/HDLc levels were greater among
the men smoking Wp for longer time (P < .05), but not the women. In conclusion, the study found greater obesity and lipid

profile in the adults smoked Wp vs never, especially the ones smoked for longer time. (J Vasc Nurs 2020;38:18-24)

INTRODUCTION

Tobacco smoking is a social behavior with a prevalence soar-
ing worldwide, particularly in developing countries with current
use rates of about 30%."” It is a devastating public health
dilemma associated with cardiovascular and respiratory diseases,
stroke, cancer, and diabetes, the leading causes of global hospi-
talization, morbidity, and mortality.” Water pipe (Wp) smoking
is a tobacco consumption style that involves inhaling smoke
from a charcoal-burned tobacco through a bowl of water with a
hose into the smoker mouth.* It has aggressively reemerged as
a favorable smoking style among all population segments across
the globe. On the contrary to cigarette smoking, this global phe-
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nomenon is spiraling also in developed countries, including Eu-
rope, the United States, and Australia.’ Acceptance, peer
pressure, gathering, publicity, accessibility, and affordability
are some of the social factors alluring people to smoke Wp."’
Similar to cigarette smoking, however, Wp smoking is associated
with the most horrendous diseases, including cardiovascular and
respiratory diseases, stroke, cancer, and metabolic syndrome.x

Obesity is another proliferating global epidemic associated
with greater hospitalization, morbidity, and mortality. It is a com-
plex metabolic disorder linked to increased risk of developing
diseases of many body systems, including the cardiovascular,
respiratory, metabolic, musculoskeletal, and immune systems.
In fact, obesity has recently been classified as a disease.” Based
on a WHO report, global obesity has nearly tripled during the last
4 decades.'’ Currently, global adult obesity/overweight has ex-
ceeded 2.5 billion (~52%)"" and projected to reach ~3.3 billion
in 2030."" Most of this future increase is in low- and middle-
income countries (ie, the Middle East and North Africa,
MENA region),'” but some developed countries are no exception
(ie, North America).'” This disproportionate increase in global
obesity has led to the introduction of “globesity” term.’

Similarly, dyslipidemia is prevalent and contribute to most
serious illnesses, ischemic heart, and cerebral diseases. Circula-
tory lipid and cholesterol have been implicated in atherogenesis
and subsequent arterial narrowing, blood flow restriction, and heart
and cerebral ischemia."” According to WHO data (~147 000 000
individuals), the mean prevalence of dyslipidemia is 33% (range:
19.2-61.6%). The report was from the United States, Mexico,
Japan, Thailand, England, Germany, Scotland and Jordan, a sam-
ple of developed and underdeveloped countries."*

The causes of obesity and dyslipidemia are multifaceted, that
include genetic and environmental factors. However, the
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underlining causes have been attributed to lifestyle, mainly phys-
ical inactivity and poor diet.”'”

The effect of smoking cigarettes on obesity and lipid profile is
well studied. Reduced body mass index (BMI),'® greater abdom-
inal fatness,'® and dyslipidemia'’ have been reported in individ-
uals smoking cigarettes. A limited number of studies, however,
examined the effect of smoking Wp on obesity'®’ and blood
lipids.?' Few studies reported that smoking Wp is associated
with increased obesity (ie, BMI), 2 in adults'”*° and one in ado-
lescents.'® Similarly, one study revealed greater total cholesterol
(Tc) and low-density lipoprotein cholesterol (LDLc) in individ-
uals smoking Wp only vs never’” and in concurrent Wp/cigarette
smokers compared with never and cigarette smokers only.21 How-
ever, these studies did not report the effect of the duration of Wp
smoking history on obesity and lipid. Therefore, the present study
examined the relationship of smoking Wp duration with obesity
and lipid. Obesity measures were body weight (Bw) and BML.
Lipid profile included Tc, high-density lipoprotein cholesterol
(HDLc), LDLc, Tc/HDLc, LDLc/HDLc, and triglycerides
(Trg). The present study is particularly important, given the spiral
increase in Wp use. In addition, it can further verify the health ef-
fects of smoking, especially when combined with elevated
obesity” and lipid,”* among individuals smoking Wp.

MATERIALS AND METHOD

Design and recruitment

Data presented in the present study were extracted from the “Wa-
ter pipe and Health in Irbid (Irbid WiHi)” project. Irbid is a city
located in Northern Jordan, the second largest municipality in Jordan
with population of around 1,911,600.%° The aim of the project was to
assess the health effect of Wp tobacco smoking among young and
old adults. Individuals who smoked Wp exclusively were recruited
for the study. The present study is descriptive, comparative, and
cross-sectional, designed to investigate the possible association be-
tween the long-term use Wp and measures of lipid profile men and
women. The status of tobacco consumption and lipid profile indices
were acquired from eligible individuals.

Adults, who are apparently healthy, were recruited to the study
from the greater governorate of Irbid. The Wp cafes and shops,
malls, and parks were recruitment sites for the study. Recruitment
was achieved after participants were screened for eligibility to the
study. Excluded from the study were smokers who reported acute hy-
pertension, hyperglycemia, hypercholesterolemia, hyperlipidemia,
cancer, psychiatric and stress-related mood disorders, or patients
on medications that could influence lipid profile. The study protocol
was approved by the institutional review board of the University and
as in accordance with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Written informed con-
sents were singed by all study participants. The participant primary
physician was notified in case abnormal lipid results were found. The
study conduct and dissemination were in compliance with the
STROBE guidelines for observational studies.*®

Anthropometric measurements

A standard weighing scale was used to measure the Bw. A stan-
dard measuring tape was used to determine the height (Ht). The BMI
was calculated as Bw/Ht?. The participants were divided according
to the following criteria”’:

Underweight: BMI is less than 18.5
Healthy weight: BMI is 18.5 to 24.9
Overweight: BMI is 25 to 29.9
Obese: BMI is 30 or higher

Smoking status

Participants were asked about age, gender, smoking, and socio-
economic status. Moreover, years of Wp smoking were obtained. >
Individuals who reported a tobacco use history other than Wp were
excluded from the study. The control group for this study was age-
matched, gender-matched, geographical distribution—-matched, and
exclusion criteria—matched individuals who never smoked any
form of tobacco products. The participants were further divided
into 4 groups according to smoking history. These groups include
do not smoke (never), smoked <10 years (Wp1), smoked 10-20 years
(Wp2), and smoked >20 years (Wp3).

Lipid profile

After an overnight fasting, blood samples were collected from
study participants in EDTA tubes. The blood samples were centri-
fuged to obtain plasma samples, which were stored in aliquots at
—30°C until further analysis. The Tc, HDL, LDL, and TG were
determined using the Roche Analyzer and Roche reagents (Roche
Diagnostics, Basel, Switzerland). A grant from JUST was used to
pay for the participants’ time and transportation as well as to deter-
mine blood lipid profile.

Statistics

Statistical analyses were completed with SPSS software for Win-
dows (version 22.0; Chicago, IL). Data are expressed as
means £ SD, and o was preset at P < .05.

Two-way (4 smoking groups* 2 gender) ANCOVA, while cova-
riating for age, was used to compare obesity and lipid measures be-
tween never, group 1 Wp, group 2 Wp, and group 3 Wp in the men vs
women. Obesity included Bw and BMI, whereas lipid profile
included Tc, LDLc, HDLc, Tc/HDLc, LDLc/HDLec, and Trg. Addi-
tional subsequent comparisons were used to determine the differ-
ences between specific groups.”’

RESULTS

Participant characteristics

A total of 291 men (n = 141) and women (n = 150) agreed to
participate in the study, of which 147 smoked Wp. Among the
participants, a total of 70 men and 74 women did not smoke
any type of tobacco. As in Table 1, age, Bw, Ht, and BMI ranges
were 20-85 years, 41-130 kg, 140-195 cm, and 11.9-46.3 kg/
m?, respectively.

Metabolic differences with water pipe smoking

The obesity and lipid profile comparisons between never and
groups Wpl, Wp2, and Wp3 smokers are shown in Table 2. The
two-way ANCOVA revealed a main effect of smoking history
(P <.0001) and gender (P < .0001) without (P > .3) interaction
effect for Bw after adjusting for age. Additional comparisons
showed that Bw was greater (P < .05) in the women in Wp2
and Wp3 vs never smokers and in Wp2 and Wp3 vs (P < .05)
Wpl. No differences (P > .5) in Bw were found between Wpl
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THE PARTICIPANTS’ DEMOGRAPHIC
CHARACTERISTICS (N = 291)

Gender (%)

Male 48.9

Female 51.1
Age (y, mean [SD]) 39.7 (13.2)
Weight (kg, mean [SD]) 76.2 (16.3)
Height (cm, mean [SD]) 169.2 (8.1)
BMI (kg/m?, mean [SD]) 26.5 (5.0)
Smoking status (%)

Never smoked 49.48

Wp smokers 50.51
Years of smoking (y, mean [SD]) 12.46 (7.3)
Dependence score 7.15 (8.4)

BMI = body mass index; Wp = water pipe.

smokers and never or between Wp2 and Wp3. No differences
(P >.5) were found in Bw between the men groups.

Another two-way ANCOVA showed a main effect of smok-
ing history (P < .005) without gender (P < .3) and (P > .12)
interaction effect for BMI after adjusting for age. Subsequent
comparisons in the women showed that BMI was greater
(P < .05) in Wp2 and Wp3 vs never smokers and in Wp2
and Wp3 vs Wpl smokers, without differences (P > .5) be-
tween Wpl and never or between Wp2 and Wp3. In addition,

no differences (P > .5) were found in BMI between the men
groups.

A separate two-way ANCOVA revealed a main effect of
smoking history (P < .04) and gender (P < .02) without interac-
tion effect (P > .3) for Tc after adjusting for age. Subsequent
comparisons showed that Tc was greater (P < .05) in the men
in Wp3 vs never and Wp2 smoking. No differences (P > .05)
were found in Tc in the men in Wp2 vs never and Wpl or be-
tween Wpl never and Wp3, as well as between the women
groups.

With respect to Trg, no effect for smoking history (P > .20),
gender (P > .8), or interaction (P > .9) after adjusting for age was
detected. A different two-way ANCOVA revealed a main effect
of gender (P < .0001) but not of smoking history (P > .15) and
interaction (P > .9) for HDLc after adjusting for age. Subsequent
comparisons showed no differences (P > .5) in HDLc between
the men groups or the women groups.

Another two-way ANCOVA revealed a main effect of smok-
ing history (P < .03) and interaction (P < .03) without gender ef-
fect (P > .3) for LDLc after adjusting for age. Subsequent
comparisons showed that LDLc was greater (P < .05) in the
men Wp3, Wp2, and Wpl vs never smoking. No differences (P
> .5) were found between the Wp3, Wp2, and Wpl smoking
group. In addition, no differences (P > .5) were found in LDLc
between the women groups.

As in Tables 2 and 3, a separate two-way ANCOVA revealed
a main effect of smoking history (P < .004) and gender (P < .03)
without interaction effect (P > .5) for Tc/HDLc and LDLc¢/HDLc
after adjusting for age. Subsequent comparisons showed that Tc/
HDLc and LDLc/HDLc was greater (P < .05) in the men Wp3,
Wp2, and Wpl vs never smoking. No differences (P > .5) were
found between the Wp3, Wp2, and Wpl smoking groups. How-
ever, no differences (P > .5) were found in Tc/HDLc and LDLc/
HDLc between the women groups.

TWO-WAY ANCOVA IN MEN AND WOMEN WATER PIPE SMOKERS

Men (n = 141) Women (n = 150)
Water pipe Never Water pipe Never
Weight (kg) 85.2 + 15.3% 783 £ 15.6 712 £ 155 68.9 £+ 13.4
BMI (kg/m?) 27.8 + 4.6* 259+ 4.6 26.1 £54 269 £49
Cholesterol (mmol/L) 4.6 + 1.0* 4.0+0.8 48 + 1.1 49+ 1.0
Triglyceride (mmol/L) 21+13 1.7+ 1.3 19+ 1.1 1.7+ 1.3
HDLc (mmol/L) 1.0 £ 0.2 1.0 £ 0.2 1.2 £0.3 1.2+£02
LDLc (mmol/L) 34 + 0.8% 2.7 +£0.6 33£09 35+0.8
Cholesterol/HDLc 4.6 £ 0.9* 40=£1.0 4.1+£09 40 +£0.8
LDLc/HDLc 33 +£0.7% 27 +0.8 29 +0.8 2.8 £0.70

BMI = body mass index.

*P < .05 vs never smoker counterpart.
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TWO-WAY ANCOVA FOR YEARS OF SMOKING IN MEN AND WOMEN SMOKING WATER PIPE

Never Water pipe 1 Water pipe 2 Water pipe 3

Men (n=70) (n =24) (n=28) (n=19)

Weight (kg) 79.3 +16.2 82.1+17.2 83.2 + 149 78.9 £+ 13.5
BMI (kg/m?) 26.6 = 5.1 269 + 5.2 275+ 4.6 28.2 +£49
Cholesterol (mmol/L) 42 +£0.9 44 £+ 1.1 44 £ 0.9 5.1 £ 1.0%*
Triglyceride (mmol/L) 1.7+£1.2 20+ 14 1.7+ 14 22+ 1.1
HDLc (mmol/L) 1.0 £ 0.2 1.2+£03 1.2+03 1.2+0.2
LDLc (mmol/L) 2.8 +£0.7 3.3+ 0.9% 3.2+ 0.7* 3.7 + 0.9%
Tc/HDLc 40+1.0 43 £+ 1.0% 4.6 + 0.9*% 4.7 £ 0.9*
LDLc/HDLc 27+0.8 3.2 +0.9* 3.3+ 0.7* 34+ 0.8*
Women Never Water pipe 1 Water pipe 2 Water pipe 3

n=74) (n =48) (n=15) n=11)
Weight (kg) 67.1 + 11.8 68.3 + 13.9 77.4 + 15.7%! 78.9 + 18.0%"
BMI (kg/m?) 255 +42 249 +52 28.5 + 5.6 28.9 + 6.4%!
Cholesterol (mmol/L) 48 +£0.9 47+ 1.2 46+ 1.1 54+0.5
Triglyceride (mmol/L) 1.7+1.2 20+ 1.1 1.8 £ 1.0 23+ 1.1
HDLc (mmol/L) 1.2+0.2 1.2+£03 1.1 £03 1.2+0.2
LDLc (mmol/L) 34+£0.7 334+ 1.0 32+09 37+£04
Tc/HDLc 4.0+ 0.7 41+£1.0 42 +1.0 4.0 £0.6
LDLc/HDLc 2.8 +0.7 2.8 £0.9 29+ 09 3.1 +£0.5
*P < .05 vs never smokers.
TP < .05 vs water pipe 1 smokers.
P < .05 vs water pipe 2 smokers.

DISCUSSION

Smoking Wp is a behavior spiraling throughout the globe
across all society segments. Many social factors have contributed
to this increase in Wp use including acceptance, peer pressure,
gathering, publicity, accessibility, and affordability.”” The study
examined the relationship of Wp smoking with obesity and lipid
profile. The results revealed greater obesity and lipid profile mea-
sures in individuals smoking Wp vs never. Additional analysis re-
vealed that weight and BMI were greater in the women with
longer Wp smoking history, but not the men. Weight in the
women smoked >20 years packed extra 10 kg as compared
with never smokers and the ones smoked <10 years, whereas
BMI was 3—4 units greater. Similarly, Tc, LDLc, Tc/HDLc,
and LDLc/HDLc levels were greater among the men smoking
Wp for longer time but not the women. Tc, LDLc, Tc/HDLc,
and LDLc/HDLc were ~25%, ~35%, ~17%, and ~26%,
respectively, greater in the men Wp smokers vs never smokers.
The results are unprecedented and suggest that the relationship
of Wp smoking with obesity and lipid profile is affected by
gender and duration of smoking. In addition, the study further
confirms the adverse health effects of Wp smoking.

The causes of obesity and adverse circulatory lipid profile are
multifactorial, which include genetic and environmental factors.
However, the underlining causes are lifestyle-related, a positive
mismatch between caloric consumption and expenditure. Poor
diet, physical inactivity, or a combination of both often results
in metabolic disarray, obesity, and dyslipidemia.”"'

Several studies have shown inconsistent relationship of
smoking tobacco with obesity, depending on the obesity measure
used. The “popular wisdom,” although, smoking cigarettes is
associated with lower obesity, whereas smoking cessation usu-
ally results in weight gains. In fact, smoking has been used as
a strategy for weight control.'> However, although smoking is
associated with increased food intake, these discrepancies in
caloric intake were not sufficient to explain these differences in
obesity.*

In one study, BMI was similar in never compared with ex-
smokers and greater than current smokers.”” BMI increased after
smoking cessation’* and was not explained by food and alcohol
intake.”” Interestingly, this relationship seems to be age-depen-
dent® and smoking status—dependent.34 Lower BMI was found
in younger but not old adult smokers® and among individuals
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smoked 6-10 cigarettes but not heavy smokers.** Conversely,
another study showed that BMI was positively related to the
number of smoked cigarettes.’® The results of these studies indi-
cate a dose-response relationship of smoking with BML** The
relationship of smoking with abdominal obesity seems direct
and smoking duration—related, age-related, and gender-related.
Waist circumference was greater among smokers, especially
older adults and females,” and increased with the number of cig-
arettes smoked per day.'® In addition, adolescent cigarette smok-
ing was associated with abdominal obesity during adulthood in
both genders and in overweight women, especially heavy
smokers.”’

However, the gender and smoking duration effects on obesity
is still equivocal in individuals smoking Wp. Among the few
studies examining the relationship of Wp smoking with obesity,
one study found that Wp smokers are more likely to have abdom-
inal obesity compared with never.'” The relationship was dose-
dependent as obesity was greater in heavy Wp users, whereas
it was similar in mild and former Wp compared with never
users.”” Similarly, BMI and weight in the current sample were
greater in individuals smoked Wp longer time in the women
but not in the men.

Smoking cigarettes is related to dyslipidemia, including
increased Tc, LDLc, and Tg and LDLc and diminished
HDLc.*® In fact, heparin lipoprotein, hepatic lipase, cholesterol
ester transfer protein, and lecithin cholesterol acyltransferase,
essential for lipid metabolism, release, and function are altered
with cigarette smokers.’” This relationship is smoking duration
dependent.'” In the present study, smoking Wp was related to
adverse circulatory lipid profile, including Tc, LDLc, Tc/
HDLc, and LDLc/HDLc. Interestingly, these circulatory lipids
were altered in the men but not in the women. These findings
are of clinical significance and can be useful for the health care
providers for proper management of altered lipid profile associ-
ated with cardiovascular diseases among Wp smokers.

Nicotine mobilizes free fatty acids to circulation, subsequent
to the release of catecholamines, cortisol, and growth hormones.
In turn, free fatty acids stimulate the production of very-low-
density lipoprotein and Trg.39 The proatherogenic response to
smoking seems to contribute to the formation, and subsequent
release of lipid into the circulation has also been implicated.’
In addition, the clustering of multiple risky behaviors (ie, phys-
ical inactivity and poor diet) with smoking should not be dis-
missed.”’ This is particularly important given that Wp, unlike
cigarette smoking, is usually practiced while sitting and around
food,** both of which are risky behaviors associated with obesity
and dyslipidemia.”*"*' However, these are mere postulation that
require verification in future longitudinal and experimental
studies.

In terms of clinical implications, smoking, obesity, and dys-
lipidemia are global epidemics associated with the most divest-
ing diseases, cardiovascular, immune, respiratory, and
metabolic diseases, to name a few. According to the current re-
sults, lipid profile is elevated in the men and obesity is elevated
in the women smoking Wp vs never smoked, especially among
the ones smoked for extended periods. Given the rapid prolifer-
ation® and the health consequences® of Wp smoking, cessation
programs are desperately needed. The focus of these programs
is to offset the widespread and the adverse health effect of Wp

smoking, such dyslipidemia and obesity. They also should be
especially designed to accommodate the unique features of Wp
smoking. These features include gender differences, smoking
duration, cultural significance, social environment, religious
context, motivations, and intermittent use pattern.44

Few limitations can be realized in the present study. Impor-
tantly, causal inferences are confined to the cross-sectional
design. In addition, the relatively small sample size can limit
the generalizability of the study conclusions. Smoking informa-
tion was self-reported, which might be associated with misre-
porting. However, the Arabic version of the questionnaire is
validated and reliable.>*® Despite the fairly similar risk factors,
attitudes, behaviors, and trends of Wp smoking, especially across
the MENA region,” the study population was from Irbid, the
second largest governorate in Jordan, which might constrain
the generalizability of the findings. The extrapolation of the re-
sults, thus, should be with cautious in other countries/regions.
Therefore, studies examining the relationship of Wp smoking
with obesity and lipid profile on a larger sample from other re-
gions/countries are warranted. In addition, objective measures
for smoking information using longitudinal/experimental design
are essential.

Collectively, in the present study, the relationship of Wp
smoking with obesity and lipid profile is affected by gender
and smoking duration. Obesity was greater in the women,
whereas lipid profile was greater in the men, with longer Wp
smoking use. Weight in the women smoked >20 years packed ex-
tra 10 kg as compared with never smokers and the ones smoked
<10 years, while BMI was 3—4 units greater. Similarly, Tc,
LDLc, Tc/HDLc, and LDLc/HDLc were ~25%, ~35%,
~17%, and ~26% greater in the men smoking Wp vs never
smoked.
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