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ABSTRACT

OBJECTIVES: To compare nicotine dependency and lung functions among
cigarette and non-cigarette (e-cigarette & hookah) form of tobacco smokers.

METHODS: This cross-sectional study was conducted from December 2023
and January 2024, at Aziz Fatimah Medical and Dental College, Faisalabad,
Pakistan. The study included 100 male tobacco users aged |8 to 60 years,
comprising 25 conventional cigarette smokers, 48 e-cigarette users, 25 hookah
users, and 2 dual product users. Subjects with known lung diseases (asthma,
COPD, tuberculosis), chest deformities affecting lung function, and smokers
using nicotine patches or gum for smoking cessation were excluded. Nicotine
dependence was assessed using the Fagerstrém test for nicotine dependence
(FTND) and its adapted versions (eFTND) for hookah and e-cigarettes. Lung
function parameters, were measured using a digital spirometer.

RESULTS: Mean=SD FTND and eFTND scores for cigarette, e-cigarette,
hookah, and dual users were 5.44+1.91, 6.25+2.20, 4.84+1.106 and 5.50*+
0.707 respectively (p=0.027). FEV| of cigarettes, e-cigarettes, hookah, and dual
product users were 4.44+ 2.69, 4.04+1.56, 3.28+2.2] and 4.72+0.763
respectively (p-value=0.84).FVC for the same groups were 5.86+3.33,
4.35x1.79, 3.7%£2.58, and 5.05+0.53 (p=0.012) respectively. FEVI/FVC as
followed: cigarettes, 79.44+14.88; e-cigarettes, 94.20+6.5; hookah,
87.39+13.8; dual products, 93.29+5.16 (p-value=0.000). PEF of cigarettes, e-
cigarettes, hookah, and dual product users were 7.35+3.71, 8.18 *+2.52,
5.4+3.4,8.45+0.19 respectively (p-value=0.001).

CONCLUSION: This study reveals significant differences in nicotine
dependency and lung function among tobacco-users. E-cigarette users have the
highest nicotine dependence but less short-term lung impairment than hookah
users. Targeted public health interventions, stricter advertising regulations, and
multi-center studies on larger populations are recommended
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INTRODUCTION

obacco consumption is one of
the major public health
problems that impact millions of

people globally.' According to Global
Burden of Disease Study 2019, despite a
yearly decline of over 1% in age-
standardized tobacco smoking
exposure from 2010 to 2019, tobacco
remains the third leading risk factor for
attributable disability adjusted life years
(DALYs) among level 2 risks. In 2019,

smoking was the second leading risk
factor, accounting for 7.9% (7.2 to 8.6)
of DALYs.” Despite the Government of
Pakistan's efforts to control tobacco use
since ratifying the WHO Framework
Convention on Tobacco Control
(FCTC) in 2004, a nationwide survey
indicates that the prevalence of tobacco
consumption in Pakistan has increased
t045.5%.'

Tobacco products are available in
various forms, such as cigarettes,
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hookahs, and e-cigarettes (vapes), each
containing different amounts of
nicotine, a highly addictive substance
with numerous health risks, including
lung diseases.’ E-cigarettes, which
deliver nicotine, are becoming
increasingly popular among both
younger and middle-aged individuals
worldwide. This rise in popularity is
based on the belief that e-cigarettes
have fewer or no harmful effects on
health and can assist in quitting cigarette
smoking.** Nicotine dependence is a
significant outcome of any nicotine-
containing product, characterized by
the psychological and physiological
inability to cease its use despite
recognizing its harmful effects.’ This
dependency can impair lung function by
diminishing the quantity and quality of
air reaching the lungs, thereby elevating
the likelihood of respiratory infections
and inflammation, and altering the
structure and function of lung tissues.”®

Lung diseases are significant
contributors to mortality and disability
in Pakistan, where nicotine usage is
widespread among adults and
adolescents. Moreover, there exists a
considerable economic burden
associated with major smoking-related
illnesses such as pulmonary,
cardiovascular, and cancer conditions,
including both medical and non-medical
expenses.’” It is estimated that
approximately 80% of tobacco
consumers worldwide reside in low to
middle-income countries, where
tobacco-related diseases exacerbate
poverty levels.'

The Fagerstrom Test for Nicotine
Dependence (FTND) is a widely
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employed, validated, and
standardized scale for gauging
nicotine dependency in cigarette
smokers. Recently, researchers have
utilized its modified and validated
version, eFTND, to assess nicotine
dependence in non-cigarette
smokers, including e-cigarette and
hookah users. The scores from FTND
and eFTND categorize subjects into
low, moderate, and high nicotine
dependency levels for cigarette and
non-cigarette smokers,
respectively.'”"

This study aimed to assess nicotine
dependence and lung function in
cigarette and non-cigarette tobacco
smokers in Faisalabad city of Pakistan.
It provides critical insights into the
impact of various forms of tobacco
smoking on lung health and nicotine
dependency, highlighting the addictive
nature of these smoking devices. By
offering new data from Pakistan, this
study contributes to the existing
literature on the controversial issues
of whether e-cigarettes serve as a
cessation pathway for cigarette
smoking or as a gateway to initiating
smoking again due to e-cigarette-
induced nicotine dependency. The
findings will also inform government
and policymakers, aiding them in
making decisions to ban these
hazardous devices to reduce the
burden of nicotine-related diseases
and deaths.

METHODS

This cross sectional study was
conducted at Aziz Fatimah Medical
and Dental College, Faisalabad,
Pakistan, from December 2023 to
January 2024 after getting ethical
approval from the Institutional Ethical
Committee (IEC) with reference
#1EC/253-23. The sample size was
calculated by power and sample size
(PS) software using mean a value 0.05,
power 80%, Cl 95% mean
difference, and SD of nicotine
dependency scores of 1.2 and 2.1
respectively taken from a previous
study.” Sample size calculated was 98
subjects, additionally, we enrolled two
participants to make a sample size of
100 participants.

The study included male subjects aged

18 to 60, who smoked tobacco daily in
the form of conventional cigarettes,
nicotine-based e-cigarettes (vape),
conventional hookah, or used dual
products for at least six months. Those
using e-cigarettes or conventional
hookah were classified as non-cigarette
tobacco users. Participants were
recruited using convenience sampling
technique. Individuals with known lung
diseases (asthma, COPD, tuberculosis),
chest deformities affecting lung function
(such as pectus excavatum, pectus
carinatum), female subjects, and
smokers using smoking cessation
therapies like nicotine patches or gum
were excluded from the study.

Informed consent was obtained from
each participant, and pertinent smoking
details, such as smoking status (current
or ex-smoker), age at smoking
initiation, average smoking duration,
daily cigarette consumption, smoking
type, pack-years, and motives for
tobacco product use, were
documented on a structured form.

FTND and its modified version,
eFTND, were utilized to assess nicotine
dependency in cigarette and non-
cigarette smokers, respectively. "*'
FTND comprises six items that evaluate
cigarette consumption, compulsion to
use, and dependence. In scoring the
FTND, yes/no items are scored from 0
and |, and multiple-choice items are
scored from O to 3. The items are
summed to yield a total score of 0 to 10.
The modified eFTND is also a valid and
reliable instrument with a Cranach a
value of 0.725. It has scores such as the
original scale, that is, from 0 to 10 with
equivalent six questions. The principal
change was only the change in
terminology and cigarettes were
replaced by e-cigarettes or hookahs."
The FTND and e-FTND scores of 1-3,
4-6, and 7-10 categorized the smokers
as low, medium, and high nicotine
dependence categories respectively."

Pulmonary function test variables
including Forced Vital Capacity (FVC),
Forced Expiratory Volume in the Ist
second (FEVI), FEVI/FVCratio, and the
Peak Expiratory Flow Rate (PEF), were
determined by a digital spirometer
(Bionet Cardiotouch 3000) according to
the acceptability standard specified by
the American Thoracic Society /

European Respiratory Society Task
Force (AST/ERS).” Spirometry was
performed with subjects in the sitting
position and using nose clips. Sterile
mouthpieces were used to prevent any
cross-infections for each participant.
Three maneuvers were performed for
each subject and the highest value was
recorded for each parameter by
analyzing the obtained spirogram.
Nicotine dependency scores and lung
function parameters were compared
among the cigarette and non-cigarette
forms of tobacco smokers.

Data was analyzed by SPSS 26. Mean
and standard deviations were calculated
for continuous variables. Frequencies
and percentages were determined for
categorical variables. ANOVA was
employed to compare mean FTND
scores and spirometric parameters,
followed by post hoc tests for multiple
comparisons. A significance level of P <
0.05 was adopted.

RESULTS

This study consisted of 100 male
participants with an age range of
33.02+12.40 years. Out of the 100
participants, 48 (48%) participants
reported consumption of nicotine by e-
cigarette use exclusively, and 25 (25%)
reported smoking conventional
cigarettes. Another 25 (25%) reported
using hookah whereas; only 2 (2%)
participants reported the use of dual
products.

Mean= SD of pack years of exclusive
cigarette users was 12.36+10.44 years
and of dual product users who used
cigarette as well as vape was
4.125+4.77 years.

Results revealed that 76% of cigarette
smokers, 50% of e-cigarette users and
48% of hookah users smoked due to
peer pressure. While 12% of cigarette
smokers, 20% e-cigarette users and
32% of hookah users using these
products as a symbol of status (Table I).

Among the cigarette smokers, the
majority (64%) of the respondents
scored between 5 and 7 (moderate
dependence), 20% scored between 3
to 4 (low to moderate), and only 12%
scored >8 and fell in the category of
high dependency. In comparison to this
54% of e-cigarette users scored
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Table I: Distribution of reasons for using cigarettes and non-cigarette forms of tobacco smoking (n=100)

Cigarette smokers E-Cigarette users Hookah users Dual product users
Reasons for tobacco (n=25) (n=48) (n=25) (n=2)
consumption
Frequency (%) Frequency (%) Frequency (%) Frequency (%)
Peer Pressure 19 (76) 24 (50) 12 (48) 0 (0)
Status symbol 3(12) 20 (41.7) 8 (32) 2 (100)
Commonly used by
Family members 2L 265 ey (Y
Without reason 1 (4) 2 (4.15) 0 (0) 0 (0)

Table II: Nicotine dependency cigarettes and non-cigarettes form of tobacco users (n=100)

Nicotine D d Cigarettes smoker E-Cigarettes users | Hookah users | Dual product users
N (n=25) (n=48) (n=25) (n=2)
Low dependency (score |-2) 1 (4) 4(8.3) 00 00
Low to moderate dependency
(score 3-4) 5(20) 4(8.3) 00 2 (100)
Moderate dependency (score 5-7) 16 (64) 26 (54.0) 13 (52) 00
High dependency (score >8) 3(12) 14 (29.2) 12 (48) 00
between 5 and 7 and 29.2% scored presented in Figure |. We noticed multiple comparisons revealed

>8 and fell in the moderate and high
dependency respectively. Among the
hookah users the majority (52%)
scored between 2 and 3 and fell in the
low to moderate category of nicotine
dependency and 48% scored 5 to 7
and were in moderate dependency
however, not a single hookah user
showed high nicotine dependence

(Tablell).

The mean=SD FTND and eFTND
scores of cigarette and non-cigarette
forms of tobacco consumers are

significantly higher mean scores for
nicotine dependency among the e-
cigarette users and lower scores were
found among hookah users with p-
value=0.027 (Figure 1).

We noticed lower FVC levels in hookah
smokers followed by e-cigarette users,
whereas FEVI/FVC ratios were lowest
among subjects smoking cigarettes.
Mean FVC and FEVI/FVC were
significantly different among the study
groups with p values = 0.012 & 0.000
respectively (Table Ill). Post hoc

significant differences in the mean FVC
between cigarette and hookah users
(p= 0.007). The FVC/FEVI ratio of e-
cigarette smokers was significantly
different from that of cigarette smokers
(p = 0.000) and hookah users (p =
0.010). The mean PEF values for
hookah users were significantly
different from those of cigarette
smokers (p = 0.046) and e-cigarette
users (p = 0.000).

FEVI levels were lower in hookah users
compared to other groups, but the

Table 1lI: Comparison of lung function parameters among study groups (n=100)

Force expiratory volume in Forced volume A= CTTEC TV TE I Peak expirato

Tobacco smokers first zecon;y(FEVI) capacity (FVC) first second/ Forced volume flow (PPEF) i
pacity capacity (FEVI/FVC)

Cigarettes 4.44 + 2.69 5.86 + 3.33 79.44 + 14.88 7.35 +3.71
E-cigarettes 4.04 = 1.56 435+ 1.79 94.20 = 6.53 8.18 = 2.52
Hookah 3.28 = 2.21 3.7 £2.58 87.39 + 13.8 54+34
Dual products 4.72 = 0.763 5.05 =+ 0.53 93.29 +5.16 8.45 = 0.19
P-values 0.84 0.012° 0.000" 0.001"

P-value< 0.05 considered significant.; Post hoc analysis:; P values are significant among cigarette and hookah for FVC (p-value 0.007); P value are significant
e-cigarette vs cigarette (p value 0.000) and e-cigarette vs hookah (p value 0.010 value) for FEVI/FVC; P values are significant among cigarette and hookah for PEF

(p-value 0.037)
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Table IV: Comparison of age and duration of the cigarette and non-cigarette forms of tobacco smokers

Variables Cigarettes E-Cigarettes users | Hookah users Dual product users value

smoker (n=25) (n=48) (n=25) (n=2) P
Age (years) mean * SD 36.92x11.416 27.95+7.754 46.48+8.21 22.5+22.50 0.000°
Duration (years) mean = SD 11.96+8.81 4.062+954 12.32+5.76 4.00x1.41 0.000°

SD: Standard deviation

mean differences were not statistically
significant (P = 0.84). PEF was highest in
dual product users (e-cigarettes and
cigarettes) and lowest among hookah
users. The mean PEF values differed
significantly among the study groups (p
= 0.001) [Table lll]. Post hoc multiple
comparisons revealed significant
differences in PEF between e-cigarette
and hookah users (p = 0.037).

Table IV presents a comparison of age
and duration of tobacco use among the
study groups. Hookah users were older
and had alonger duration of tobacco use
compared to cigarette and e-cigarette
smokers. Statistically significant
differences were observed in both age
(p = 0.000) and duration of use (p =
0.000) among the study groups.

DISCUSSION

Tobacco consumption in the form of e-
cigarettes as an alternative to
conventional cigarettes has seen a surge
in popularity over recent years;
however, this growing popularity has
generated a debate in public health
sectors concerning its safety and

i Tobacco Users Frequency (N) ——RNicotine dependency scores (Mean+5D)

effectiveness as a potential smoking
cessation tool.

In the current study, the majority of the
population consumed tobacco in the
form of cigarettes, e-cigarettes, and
hookah due to peer pressure, whereas
participants who used dual products
reported using these products as a
symbol of status. In contrast to our
study, the majority of participants
(66.7%) in the Sreeramareddy CT
study believed that e-cigarette was a
safer alternative to conventional
cigarettes. Furthermore, the main
reason for using e-cigarettes was to
avoid and quit cigarette smoking in the
aforementioned study.”

In the current study, a higher
dependence was noticed among
exclusively e-cigarette users and they
have comparatively higher eFTND
scores than cigarette, hookah, and dual
product users. The majority of
conventional cigarette smokers had
moderate to high dependency, whereas
hookah users had low to moderate
nicotine dependency. Our findings
suggested that e-cigarettes can act as a
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Figure |: Nicotine dependency scores of cigarettes and non-cigarette forms of
tobacco smokers (n=100)

gateway for cigarette smoking due to
their higher addictive potential. In
contrast to our results, previous studies
conducted in Karachi, Pakistan by Zaidi
AB® and in the USA by Liu G, et al.,"
found lower nicotine dependency
scores among e-cigarette users than
cigarette smokers and dual product
users. Our results concerning the
comparison of e-cigarettes and
cigarettes are in line with Jankowski M,
et al., who reported two times higher
significant nicotine dependence levels
estimated by FTND among e-cigarette
users compared to cigarette smokers.

Concerning the comparison of e-
cigarettes and dual products our results
are not comparable with the study
conducted in Malaysia by
Sreeramareddy CT, et al.,'”> who
reported that exclusively e-cigarette
use had a lower dependence and
significantly lower eFTND scores than
those who were using dual products
(3.0x1.6 vs. 5.3+2.6). This
aforementioned study suggested that
dual product users would be consuming
a higher amount of nicotine that was
present in both of the tobacco products
and that's why they have more nicotine
dependency.” Jankowski M, et al.,”
found an interesting finding and noticed
a higher nicotine dependence level in
the group of dual users when using an e-
cigarette compared to conventional
cigarette smoking. These findings
reflect that dual users have a higher
dependency because of e-cigarettes.
Furthermore, Jankowski M, et al,
suggested that e-cigarette users may be
at higher risk of addiction due to high
nicotine dependency compared to
cigarette smokers."” Conflicting results
have been documented by previous
studies concerning the addictive nature
of e-cigarettes, which are documented
to be less addictive than conventional
cigarettes by some researchers,
however, some suggest that e-
cigarettes may have a higher addictive
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potential than cigarette smoking.“"*

In the current study, we found the
lowest FTND scores in hookah users as
compared to cigarette and e-cigarette
users. Most hookah users were in the
category of low to moderate nicotine
dependency and not even a single user
had high nicotine dependency. Our
findings suggested that it is a less
addictive form of tobacco consumption
as compared to other tobacco
products. These results are supported
by a previous Pakistani study conducted
in Sargodha Pakistan which reported
comparatively lower nicotine
dependency, and FTND score among
participants who smoked hookah
exclusively as compared to cigarette
smokers (4.7+2.1vs.5.4x2.2).

In current study hookah users were
older as compared to cigarette smokers
and were used hookah for long duration
as compared to cigarette and e -
cigarette smokers. Our findings
concerning age and duration of tobacco
consumption is in agreement with the
Pakistani study conducted by Dogar O,
et al., hookah users of their study were
older as compared to cigarette smokers
and used hookah for a longer duration.
Moreover, majority of the hookah users
in the aforementioned study had low to
moderate nicotine dependency and few
had high nicotine dependency, even
using it for a longer duration. "

Current study reveals that hookah and
e-cigarette users have lower FVC and
FEVI values as compared to
conventional cigarette smokers and
dual product users. The FEVI/FVC ratio
was significantly reduced in cigarette
smokers. The reported findings
concerning FEV| are also in agreement
with Darabseh MZ, et al., " who found
lower FEVI among e-cigarette and
cigarette smokers as compared to
control and did not find significant
differences among e-cigarette and
cigarette smokers. In contrast to our
study, this aforementioned study
documented declined FEVI/FVC in
both e-cigarette and cigarette
smokers.” Polosa et al. did not find
decrements in the spirometric indices,
FEVI, FVC, and FEVI/FVC ratio among
e-cigarette smokers and no significant
difference was found between e-
cigarette users and control subjects.”

The reporting of Polosa R, et al,
concerning FVC, and FEVI/FVC ratio
are in line with our results. The
discrepancy between reports of these
previous and current studies might be
due to the duration of e-cigarette use,
frequency/intensity of e-cigarette
smoking, or nicotine concentration in
the liquid used for e-cigarettes. It is
evident from previous studies that
inhaled nicotine has adverse pulmonary
effects.” In the current study we also
found significantly lower PEF in hookah
users as compared to other groups.
Current results are incongruent with
the results of the Koubaa A, et al., study
which also found the lowest PEF values
among hookah smokers as compared to
cigarette smokers and non-smokers
(hookah smokers =93.1%7.9 vs.
cigarette smokers =95.5+4.5 vs. non-
smokers=100.5+5.8).” In contrast to
the current study, the PEF rate
remained in the green zone in 90% of
the study population in the study
conducted by Sultanov and colleagues.”

However, we found slight variations in
spirometry parameters among the
study groups but these values were
within normal physiological limits may
be because we also enrolled the
cigarette and e-cigarette users with a
short duration of at least 6 months. Our
results are justified by the non-
randomized repeated-measures
controlled study by Flouris AD, et al.,
who concluded that short-term use of
e-cigarettes generates minimal changes
in spirometric parameters without any
significant clinical impact, but has a
similar nicotinergic impact to
conventional cigarettes.”” Another
clinical trial conducted in the UK
distinguished the effects of short-term,
|-month, 3-month, and 24-month e-
cigarette inhalation on lung function.
This study found a slight decline in
baseline FEVI, FVC, FEVI/FVC, and
PEF at the 3™ and then 24“-month
follow-up, which was not clinically
relevant.” These researches collectively
reflect that the short-term usage of
tobacco especially in the form of e-
cigarettes may not have a significant
effect on lung function, however, if used
for a longer duration may adversely
harm lung function, so long-term effects
need to be studied by longitudinal
studies or clinical trials. E-cigarettes are

harmful and addictive. Further
education and legislation are needed to
preventand stop its use.

CONCLUSION

This study reveals significant differences
in nicotine dependency and lung
function among users of various tobacco
products. e-cigarette users exhibit the
highest nicotine dependence, followed
by conventional cigarette smokers, dual
product users, and hookah users.
Regarding negative impact on
respiratory health, E-cigarette users
show relatively less effects on lung
function (highest FEVI/FVC ratio)
compared to hookah users. Although
short-term tobacco inhalation does not
significantly impact lung function, the
long-term effects, particularly of e-
cigarettes, require further investigation.
The recent rise in e-cigarette
marketing, promoted as a less harmful
alternative, has increased its
consumption among the younger
generation. These findings highlight the
need for targeted public health
interventions, multi-center studies on
larger populations, and stricter
regulations on e-cigarette advertising to
better understand and mitigate the
long-term implications on lung health.
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