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Tobacco Induced Diseases

Association of cigarette smoking with cardiometabolic risk

[actors: A cross-sectional study

Samar Sultan'?, Fouzy Lesloom’

ABSTRACT

INTRODUCTION Despite strong and consistent epidemiological evidence linking
cigarette smoking to several cardiovascular diseases (CVDs), the association
between smoking intensity and CVD risk factors remains unclear. This study
aimed to explore the possible effects of cigarette smoking on cardiometabolic
risk in healthy individuals.

METHODS This cross-sectional study was conducted between November 2022
and June 2023. Consecutive sampling was performed to include 160 healthy
participants: 100 smokers with 60 males and 40 females; and 60 age- and sex-
matched non-smokers with 36 males and 24 females. Blood samples were taken
from each participant to assess their cardiometabolic function: lipid profile, von
Willebrand factor (vWF), high-sensitivity cardiac troponin I (hs-c¢Tnl), and
fibrinogen levels; and liver function using an automated enzymatic method. In
addition, blood sugar level, body mass index (BMI), and blood pressure were
recorded.

RESULTS Smokers had significantly higher vWF functional activity and hs-cTnl but
significantly lower albumin and total bilirubin levels than non-smokers (65.87 +
19.07 vs 56.45 + 6.59, respectively, p<0.001; 0.0382 + 0.0077 vs 0.0147 + 0.0105,
respectively, p<0.001; and 4.63 + 0.32 vs 4.74 + 0.28, respectively, p=0.026). The
number of cigarettes consumed daily was associated positively and significantly
with plasma levels of low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol, vWF functional activity, and hs-cTnl but were negatively associated
with total bilirubin. Moreover, heavy smokers had a significantly higher BMI and
waist-to-hip ratio among male smokers than non-smokers.

concLusions Cigarette smoking was associated with increased dyslipidemia, BMI,
and central obesity, in addition to higher vWF functional activity. Altogether,
increased hs-cTnl levels in smokers indicate a higher susceptibility to CVD.

ABBREVIATIONS ALT: alanine transaminase, FBS: fasting blood sugar, HDL: high-density lipoprotein, hs-cTnl: high-sensitivity cardiac
troponin, LDL: low density lipoprotein, LFTs: liver functions tests, vVWF: von Willebrand Factor
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INTRODUCTION

Smoking is a leading health concern', with a heavy toll on life, directly through
active inhalation and indirectly via passive inhalation®. World ‘No-Tobacco Day’,
31 May, is a reminder of its hazards and the importance of quitting smoking®. The
tobacco epidemic is considered one of the worst global public health problems,
killing more than seven million people annually, with almost six million deaths
among smokers due to direct tobacco use, in addition to approximately one million
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non-smokers who die from exposure to secondhand
smoke*. Despite great efforts by the Saudi government
to fight tobacco smoking, its prevalence continues to
grow’. A recent study showed that between 2009
and 2015, the prevalence of tobacco smoking in the
Saudi population substantially increased from 8.9%
to 19.5%°. Lighting a cigarette is responsible for
several harmful adverse effects on most body organs,
including the lungs, heart, and organs, without direct
contact with smoke’.

The liver is a vital organ affected by smoking, which
interferes with its ability to process and expel drugs
and toxins®. Abnormal liver function test results are
associated with a high risk of cardiovascular disease
(CVD)?. The liver is essential for lipid metabolism,
including synthesis, storage, and elimination.
Dyslipidemia can be caused by impaired liver
function'. A disrupted lipid profile characterized by
increased levels of low-density lipoprotein (LDL),
total cholesterol, and triglycerides, and decreased
levels of high-density lipoprotein (HDL) plays a
major role in the pathogenesis of CVD''. When LDL
levels are excessive, cholesterol-rich plaques can
form, leading to the constriction and hardening of the
blood arteries, a condition known as atherosclerosis'?.
Cigarette smoking can increase triglyceride levels,
which are associated with an increased risk of CVD".

Smoking also affects the von Willebrand factor
(vWF), a glycoprotein that promotes platelet
aggregation and adherence to the wounded vascular wall
subendothelium'. It is also implicated in hemostasis'®.
Increased vWF is a risk factor for CVD'®. Furthermore,
endothelial dysfunction, a characteristic of atherosclerosis
and other CVDs, is indicated by elevated vWF levels'”.

Fibrinogen is a prothrombotic and inflammatory
marker that is elevated in smokers'®. Cigarette
smoking stimulates circulating fibrinogen levels, an
independent risk factor for CVD, in a dose-dependent
manner'’. High fibrinogen levels affect blood viscosity,
platelet aggregation, and fibrin formation®, which are
positively associated with atherothrombotic events in
smokers®'.

High-sensitivity cardiac troponin I (hs-cTnlI)
is a biomarker used to diagnose acute myocardial
infarction (AMI), also known as a heart attack.
Its assays allow the detection of considerably low
cardiac troponin concentrations in healthy and
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asymptomatic individuals. It also serves as a potential
tool for cardiovascular risk stratification in the general
population®. It is a protein in cardiac muscle cells
released into the bloodstream when the cardiac muscle
is damaged. Thus, elevated hs-cTnl levels indicate
myocardial damage or necrosis, often caused by a
disturbance in the blood supply of the heart due to
atherosclerotic plaque rupture and subsequent blood

2324 Recent studies have shown that

clot formation
cigarette smokers have lower circulating hs-¢TnI*.
Therefore, this study aimed to investigate
the potential effects of cigarette smoking on
cardiometabolic risk factors (lipid profile, vWF,
hs-c¢Tnl, liver function, fasting blood glucose, and

fibrinogen levels) in 160 healthy individuals.

METHODS

Study population and definitions

The study design was cross-sectional, and the
study population included those attending primary
healthcare centers at East Jeddah Hospital, Jeddah
City, Saudi Arabia, for vaccination or those with
children visiting well-baby clinics. The study was
conducted between November 2022 and June 2023.
This study was approved by National Committee
of Bioethics, King Abdulaziz City for Science and
Technology (reference no: H-02-3J-002). All
potential participants were informed of the study’s
objectives, and written informed consent was
obtained from all subjects and their legal guardians.
The participants ages ranged from 25-60 years.
Participants were divided into active smokers and
non-smokers. Active smokers were defined as those
who smoked at least one cigarette per day. Detailed
information regarding the number of packs consumed
daily by each smoker was recorded. Heavy smokers
were defined as those who smoked more than one
pack of cigarettes daily.

Participants with a history of CGVD or any other
significant medical condition; pregnant or lactating
women; a history of liver disease, abnormal liver
function, or a history of renal disease with the use of
medications that could affect the study parameters;
a history of smoking cessation within the past year;
shisha smokers; and users of electronic or e-cigarettes
were excluded. The sample size was calculated to be
130 according to the OpenEpi sample size calculator

Tob. Induc. Dis. 2024;22(July):136
https://doi.org/10.18332/tid/191246

2


https://doi.org/10.18332/tid/191246

Research Paper

website, with a two-sided significance level (1-a)
of 0.95, 0.8 power, a ratio of exposed/unexposed of
0.6, and an assumed odds ratio of 3. However, the
sample size was increased to 160 healthy individuals.
Following consecutive sampling, 100 smokers and
60 age- and sex-matched non-smokers were enrolled
in the present study. All participants completed a
questionnaire regarding their medical history and
smoking patterns (Supplementary file Part A). We
used a questionnaire adapted from the European
Risk Assessment Tool. It is a valid tool that provides
acceptable discrimination and good calibration for the
risk prediction of chronic cardiometabolic disorders
in short- and long-term follow-ups. The predictors
included age, body mass index, waist circumference,
use of antihypertensive medications, current smoking
status, and family history of CVD and/or diabetes.
For external validation of the model in the Tehran
Lipid and Glucose Study (TLGS), the area under
the curve (AUQ) and the Hosmer-Lemeshow (HL)
goodness-of-fit test was performed for discrimination
and calibration, respectively®. It consisted of three
sections: 1) personal characteristics; 2) smoking
patterns; and 3) cardiometabolic risk assessments.

Blood pressure was measured using a validated
device after patients were allowed to rest for 15 min.
The test was repeated twice with a duration of 10
min between them. Subsequently, the mean of the
recorded measurements was calculated for each
patient.

Blood sampling procedures and biochemical
assays

Venous blood samples (9 mL) were collected from
100 fasting smokers and 60 non-smokers. The
samples were split into three tubes containing 4
mL of lithium heparin, 3 mL of serum, and 2 mL
of trisodium citrate, respectively. Samples from the
lithium heparin tubes (green top) were analyzed for
alanine transaminase (ALT), albumin, total bilirubin,
lipid profile, and fasting blood glucose levels. The
serum tube (red top) and trisodium citrate samples
(blue top) were used to examine hs-cTnl and vWF
levels, respectively. Using a Heraeus Labofug
centrifuge (Thermo Scientific™, PA, USA), all green-
and red-capped tubes were centrifuged once at 4400g
for 5 min at room temperature, whereas blue-capped
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tubes were centrifuged twice at 2000g for 15 min.
After the enzymatic reaction, Alinity G (Abbott,
Wiesbaden, Germany) was used to spectrophotometrically
evaluate liver function, lipid profile, and fasting blood
glucose levels by measuring light absorption. Hs-
cTnl levels were measured using Alinity I (Abbott,
Wiesbaden, Germany). This two-step immunoassay uses
chemiluminescent microparticle immunoassay (CMIA)
technology to measure cardiac troponin levels in human
serum. The concentrations of vWF were assessed using
STA R Max3 (Stago, Parsippany-USA), which assesses
clotting time in the presence of cephalin and an activator.

Statistical analysis

Statistical Package for Social Sciences (IBM SPSS,
version 25) was used for data analysis. Descriptive
statistics were used to summarize the two compared
groups’ demographic, clinical, and laboratory findings.
Qualitative variables were expressed as frequencies
and percentages, while numerical continuous variables
were expressed as means and standard deviations. The
normality of quantitative variables was assessed using
the Kolmogorov-Smirnov and Shapiro-Wilk tests. A
power of 0.8 was chosen for the study, and the effect
size (d) was calculated. The minimum sample size
was determined using the Raosoft online sample size
calculator with a 0.1 margin of error, a 95% confidence
level, and a reported prevalence of cardiometabolic
risk of 39.8% in the Saudi population®. The chi-
squared and Student’s t-tests were used to compare
qualitative and continuous variables, respectively.
Pearson’s correlation coefficient (r) was used to assess
the strength and direction of linear relationships.
Binary logistic regression analysis was used to identify
significant variables related to obesity or being
overweight. Crude and adjusted odds ratios (ORs)
were calculated with 95% confidence intervals. All
tests were two-tailed, and statistical significance was
set at p<0.05.

RESULTS

Participants

Table 1 shows that participants’ age and sex did not
differ significantly according to their smoking status.
However, the participants’ body mass index (BMI)
differed significantly according to their smoking
status, with significantly more obese smokers than
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Table 1. Characteristics according to smoking status among healthy people aged 25—-60 years, attending
primary healthcare centers for vaccination or for visiting well-baby clinics from November 2022 to June 2023,
at East Jeddah Hospital, Jeddah City, Saudi Arabia (N=160)

Characteristics Non-smokers Smokers
(N=60) (N=100)

I I R R

Age (years)

<40 42 70.0 64 64.0

>40 18 30.0 36 36.0 0.492
Gender

Male 36 60.0 60 60.0

Female 24 40.0 40 40.0 1.000
Body mass index (kg/m?)

Normal <25 8 13.3 4 4.0

Overweight 25-29.9 47 78.3 75 75.0 0.017¢
Obese >30 5 8.3 21 21.0

+ Chi-squared test (statistically significant at p<0.05).

Table 2. Results of cardiometabolic tests according to smoking status among healthy people aged 25-60 years,
attending primary healthcare centers for vaccination or for visiting well-baby clinics from November 2022 to
June 2023, at East Jeddah Hospital, Jeddah City, Saudi Arabia (N=160)

Parameters Non-smokers Smokers
(N=60) (N=100)
M | s0 M | S0 p |

Triglycerides 147.98 10.02 147.57 13.89 0.841

Total cholesterol 198.95 11.90 199.40 141 0.836
LDL cholesterol 113.58 17.40 116.07 17.35 0.382

HDL cholesterol 48.73 6.01 50.87 8.24 0.082

Non-HDL cholesterol 120.23 16.61 123.73 18.92 0.238
ALT 29.62 2.23 29.69 2.14 0.835
Albumin 4.74 0.28 4.63 0.32 0.026"
Total bilirubin 0.96 0.05 0.92 0.05 <0.001*
Fasting blood glucose 89.10 5.99 89.56 5.85 0.634
Fibrinogen level 3.51 0.54 3.59 0.86 0.498

VWEF functional activity 56.45 6.59 65.87 19.07 <0.001*
Cardiac troponin | (ng/mL) 0.02 0.01 0.04 0.01 <0.001*
Systolic blood pressure 130.8 9.2 135.5 9.8 0.003*
Diastolic blood pressure 91.6 6.4 94.8 7.0 0.004*
Waist-to-hip ratio

Males 0.90 0.10 1.00 0.12 <0.001*
Females 0.82 0.07 0.90 0.07 <0.001*

+ Independent samples t-test (statistically significant at p<0.05).
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non-smokers (21% and 8.3%, respectively; p=0.017).
Our results showed that 76% of smokers smoked one
pack daily (up to 20 cigarettes per day), whereas 24%
smoked more than one pack daily (>20 cigarettes per

day).

The effect of smoking on cardiometabolic tests

As shown in Table 2, smokers had higher lipid profile
parameters than non-smokers, with higher serum
total cholesterol, LDL cholesterol, and non-HDL
cholesterol levels but lower serum HDL cholesterol
levels. However, the lipid profile parameter
differences between smokers and non-smokers were
not statistically significant. Regarding liver function,
smokers had significantly lower serum albumin
levels (4.63 + 0.32 and 4.74 + 0.28, respectively;
p=0.026) and significantly lower total mean serum
bilirubin levels (0.92 £ 0.05 and 0.96 + 0.05,
respectively; p<0.001), than non-smokers. Regarding
hematological findings, smokers had significantly

Table 3. Pearson’s correlation coefficient (r)
between the number of smoked cigarettes per day
and cardiometabolic tests of healthy smokers and
non-smokers aged 25—-60 years, attending primary
healthcare centers for vaccination or for visiting
well-baby clinics from November 2022 to June 2023,
at East Jeddah Hospital, Jeddah City, Saudi Arabia
(N=160)

Triglycerides 0.06 0.456
Total cholesterol 0.15 0.061
LDL-cholesterol 0.23 0.004*
HDL-cholesterol -0.18 0.025"
Non-HDL cholesterol 0.22 0.005"
ALT 0.13 0.103
Albumin -0.1 0.216
Total bilirubin -0.46 <0.001*
Fasting blood glucose 0.09 0.257
Fibrinogen 0.12 0.142
VWEF functional activity 0.41 <0.001*
Cardiac troponin | (ng/mL) 0.69 <0.001*
Systolic blood pressure 0.30 <0.001*
Diastolic blood pressure 0.30 <0.001*
Body mass index 0.45 <0.001*
Waist-to-hip ratio 0.49 <0.001*

1 Statistically significant at p<0.05.
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higher vWF functional activity (p<0.001) than non-
smokers. Fasting blood glucose levels did not differ
significantly according to the smoking status. The
hs-cTnl levels were significantly higher in smokers
than in non-smokers (p<0.001). Moreover, smokers
had significantly higher systolic and diastolic blood
pressures than non-smokers (p=0.003 and p=0.004,
respectively). Smokers also had a significantly higher
waist-to-hip ratio than non-smokers (p<0.001 for
males and females).

Table 3 shows that the number of cigarettes
smoked per day was correlated positively and
significantly with participants’ plasma LDL cholesterol
(r=0.225, p=0.004), plasma non-HDL cholesterol
(r=0.22, p=0.005), vWF functional activity (r=0.41,
p<0.001), cardiac hs-cTnl serum level (r=0.69,
p<0.001), systolic blood pressure (r=0.30, p<0.001),
diastolic blood pressure (r=0.30, p<0.001), BMI
(r=0.45, p<0.001), and waist-to-hip ratio (r=0.49,
p<0.001) (n=160 participants). Moreover, the
number of cigarettes smoked per day was negatively
and significantly correlated with HDL cholesterol
(r=-0.18, p=0.025) and total bilirubin (r= -0.46,
p<0.001) levels. However, the other cardiometabolic
function test results were not significantly associated
with the number of cigarettes consumed daily.

As shown in Table 4, smokers who had smoked
for >10 years had significantly higher serum total
cholesterol (p=0.023), LDL cholesterol (p=0.011),
non-HDL cholesterol (p=0.008), and triglyceride
(p=0.031) levels compared with those who had
smoked for <10 years. Regarding liver function and
hematological findings, participants who smoked for
>10 years had significantly higher vWF functional
activity (p<0.001) than those who smoked for <10
years. Moreover, as shown in Table 5, men who
smoked for >10 years had a significantly higher
BMI (p=0.001), systolic blood pressure (p=0.011),
diastolic blood pressure (p=0.011), and waist-to-
hip ratio (p=0.003). Other laboratory parameters
(triglycerides, LDL cholesterol, non-HDL cholesterol,
ALT, total bilirubin, vWF functional activity, and hs-
cTnl) did not differ significantly according to the
duration of smoking,.

As shown in Supplementary file Table S1, smokers
who smoked >1 pack/day had higher lipid profile
parameters, with significantly higher serum total
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Table 4. Characteristics according to smoking intensity (pack/day) among healthy smokers aged 25—-60 years,
attending primary healthcare centers for vaccination or for visiting well-baby clinics from November 2022 1o
June 2023, East Jeddah Hospital, Jeddah City, Saudi Arabia (N=100)

Characteristics <1 pack/day >1 pack/day
(N=76) (N=24)

I R I N

Age (years)

<40 51 79.7 13 20.3

>40 25 69.4 n 30.6 0.330
Gender

Male 41 68.3 19 31.7

Female 35 87.5 5 125 0.028*
Body mass index (kg/m?)

Normal <25 3 75.0 1 250

Overweight 25-29.9 73 23 14.7 <0.001*
Obese >30 9 429 12 57.1

+ Chi-squared test (statistically significant at p<0.05).

Table 5. Results of laboratory findings according to the duration of smoking among healthy smokers aged 25—
60 years, attending primary healthcare centers for vaccination or for visiting well-baby clinics from November
2022 to June 2023, at East Jeddah Hospital, Jeddah City, Saudi Arabia (N=100)

Parameters <10 years >10 years
(N=61) (N=39)

T O S N S R

Triglycerides 149.25 12.43 142.25 16.96 0.031*
Total cholesterol 197.61 12.48 205.08 17.47 0.023*
LDL-cholesterol 113.61 17.33 123.88 15.29 0.011*
HDL-cholesterol 50.05 7.36 53.46 10.31 0.077

Non-HDL cholesterol 120.93 16.05 132.58 24.35 0.008*
ALT 29.50 222 30.29 1.76 0.115

Albumin 4.07 0.19 4.1 0.21 0.359

Total bilirubin 0.92 0.04 0.89 0.05 0.003*
Fasting blood glucose 89.07 5.36 91.13 7.07 0.133

Fibrinogen level 3.53 0.52 3.78 1.51 0.230

VvWEF functional activity 60.91 9.49 81.58 30.55 <0.001*
Cardiac troponin | (ng/mL) 0.038 0.01 0.039 0.01 0.484
BMI 28.03 1.70 29.53 2.39 0.001*
Systolic blood pressure 134.08 9.24 139.83 10.41 0.011*
Diastolic blood pressure 93.86 6.46 97.88 7.29 0.021*
Waist-to-hip ratio

Males 0.96 0.10 1.05 0.13 0.003*
Females 0.90 0.07 0.89 0.07 0.720

+ Independent variable t-test (statistically significant at p<0.05).
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cholesterol (p=0.014), LDL cholesterol (p=0.011),
and non-HDL levels (p=0.017) than the other
participants. Regarding liver function, participants
who smoked >1 pack/day had significantly lower
serum albumin levels (p=0.021). Hematological
findings revealed that participants who smoked >1
pack/day had significantly higher vWF functional
activity (p<0.001) compared to other participants.
Fasting blood glucose, levels were also higher among
those who smoked >1 pack/day than among those
who smoked fewer cigarettes; however, the difference
was not statistically significant. The hs-cTnl levels
were higher among those who smoked >1 pack/
day than among those who smoked <1 pack/day.
However, the difference in mean troponin I levels was
not statistically significant. Systolic and diastolic blood
pressures were significantly higher among those who
smoked >1 pack/day (both p=0.004). Moreover, the
waist-to-hip ratio was significantly higher in men who
smoked >1 pack/day (p=0.020).

Supplementary file Table S2 shows the crude
odds ratio (OR) and adjusted odds ratio (AOR) as
indicated by the binary logistic regression analysis of
the predictor variables for obesity and underweight
state among all the participants (n=160). Significant
predictors were fasting blood glucose (OR=0.16; 95%
CI: 0.09-0.3, and AOR=0.02; 95% CI: 0.00-0.49) and
smoking status (OR=0.66; 95% CI: 0.54-0.81, and
AOR=0.001; 95% CI: 0.00-0.02).

DISCUSSION

Despite the strong and consistent epidemiological
evidence linking cigarette smoking to several
CVDs and liver diseases?, the association between
smoking intensity and changes in CVD risk factors
remains unclear. Therefore, this study aimed to
explore the possible effects of cigarette smoking
on cardiometabolic risk in 160 healthy individuals.
The present study found that changes in laboratory
findings were associated with smoking intensity and
were worse in heavy smokers than in non-smokers.
We selected criteria, notably the vWF, hs-cTnl, liver
function, lipid profiles, and blood pressure, based
on their association with CVD pathogenesis. These
parameters provide a complete understanding of
the underlying mechanisms, including dyslipidemia,
endothelial dysfunction, cardiac damage, and liver
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damage, which may contribute to the onset and
progression of CVD in smokers.

The measurement of vWF permits the evaluation of
endothelial function and thrombotic risk in patients
with CVD. Wannamethee et al.** argued that the early
detection of endothelial damage is a useful step in
diagnosing atherosclerosis. The assessment of vWF
functional activity, a marker of endothelial damage,
revealed significantly higher levels among smokers
than non-smokers*. Although the mechanism
by which smoking influences vWF release is not
fully understood, it has been suggested that lipid
peroxidase formed by O2 free-radicals and the effects
of nicotine and CO2 contribute to the increase in vWF
functional activity®.

Monitoring hs-cTnl levels enables the detection
and evaluation of cardiac injury and provides vital
diagnostic and prognostic information for patients
with CVD. In the current study, hs-cTnl levels were
significantly higher among smokers compared to
non-smokers. Our findings are in contrast to those
of a recent study by Skranes et al.*’, which reported
lower hs-cTnl concentrations in smokers and an
inverse relationship between smoking and hs-cTnl
levels, excluding cardiac damage among smokers. The
authors explained that younger smokers had better
cardiac risk profiles than non-smokers in their study.
This discrepancy between studies may be attributed
to differences in sample characteristics, sampling
techniques, or the types of cigarettes smoked by the
participants. However, our study’s elevated hs-cTnl
levels among heavy smokers suggested early injury
to the endothelium. The present study indicated that
hs-cTnl levels were higher among heavy smokers who
smoked >1 pack/day than among those who smoked
<1 pack/day. However, the difference in mean hs-
cTnl levels between the two groups was insignificant.

Cigarette smoke adversely affects various organs,
including the liver and even organs not directly
exposed to smoke. Additionally, the liver is involved
in the processing and elimination of toxins from the
body. The present study demonstrated that heavy
smokers had significantly lower serum albumin levels,
indicating potential impairment in liver function.

Furthermore, this study demonstrated that smokers
had considerably lower overall mean blood bilirubin
levels than non-smokers. While Alsalhen and
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Abdalsalam® found a similar link which they attributed
to the positive association between cigarette smoking
and hemoglobin levels, our data indicate that the
association between bilirubin concentration and smoking
is independent of hemoglobin. The authors attributed
the low blood bilirubin levels to higher quantities of free
radicals, a direct outcome of cigarette smoking™.

In the present study, heavy smokers had a higher
prevalence of dyslipidemia than moderate and non-
heavy smokers. This observation is consistent with
that of a previous study that showed an association
between smoking and dyslipidemia, specifically with
increased concentrations of triglycerides, LDL, and
HDL?'. Gastaldelli et al.** supported these associations
and further explained that nicotine promotes lipolysis,
leading to an increased release of free fatty acids
and the production of pro-atherosclerotic LDL.
These associations were confirmed by the fact
that quitting was associated with improved lipid
metabolism, increased HDL levels, and decreased
LDL concentrations, typically observed after a short
period of abstinence. Additionally, oxidative stress
and platelet aggregation caused by carbon monoxide
and other oxidant gases produced during smoking
contribute to dyslipidemia®.

The present study showed a significant impact
of smoking on both BMI and the waist-to-hip ratio.
Graff-Iversen et al.*® revealed a positive association
between current smoking and the waist-to-hip ratio
and concluded that smoking enhances abdominal
obesity as an unhealthy outcome. Furthermore, Morris
et al.** used a Mendelian randomization approach to
determine the causal effect of tobacco smoking on
abdominal fat accumulation. Moreover, to exclude the
possibility of confounders, logistic regression analysis
revealed a significant odds ratio between smoking and
obesity, with smokers having more than three times
higher risk of being obese/overweight than non-
smokers.

Our study showed that smokers had significantly
higher systolic and diastolic blood pressure than non-
smokers. Moreover, the number of daily cigarettes
was positively and significantly associated with the
participant’s systolic and diastolic blood pressures.
Similarly, in a study by Mann et al.?>, 24-hour
ambulatory blood pressure monitoring revealed
that smokers maintained a higher mean day-time

Tobacco Induced Diseases

ambulatory systolic blood pressure than non-smokers.
Primatesta et al.?® stressed that smoking causes an
acute increase in blood pressure and is associated with
malignant hypertension. The high blood pressure
among smokers could be explained by nicotine acting
as an adrenergic agonist, mediating local and systemic
catecholamine release, and possibly vasopressin
release.

Strengths and limitations

The present study has several limitations, including
self-reported smoking habits, non-probability
sampling, the possibility of selection and/or recall
bias, residual confounding, the cross-sectional study
design, which is good for hypothesis generation rather
than hypothesis testing, and the limited sample size.
Therefore, the generalizability of our findings to other
countries is limited. However, this study has several
strengths. This study provides valuable insights into
the effects of smoking on various laboratory findings,
including lipid profiles, vWF functional activity, serum
albumin levels, troponin I levels, and liver function.

CONCLUSIONS

Based on the findings of the present study, it can be
concluded that heavy smokers and those who smoked
for longer durations have significantly worse lipid
profiles and higher vWF functional activities than
other participants. Moreover, hs-cTnl levels, blood
pressure, BMI, and waist-to-hip ratio were higher in
smokers than in non-smokers, possibly reflecting a
higher susceptibility to GVD.

Therefore, smoking cessation programs should be
implemented, and comprehensive health promotion
programs should be widely applied. Primary
healthcare providers can actively participate in
reducing smoking-induced consequences related
to cardiometabolic diseases by initiating innovative
health promotion programs. Further prospective
studies with larger sample sizes are essential to
supplement the results of this study.

REFERENCES

1. Asaria P, Chisholm D, Mathers C, Ezzati M, Beaglehole R.
Chronic disease prevention: health effects and financial costs
of strategies to reduce salt intake and control tobacco use.
Lancet. 2007;370(9604):2044-2053. doi:10.1016/50140-

6736(07)61698-5

Tob. Induc. Dis. 2024;22(July):136
https://doi.org/10.18332/tid/191246

8


https://doi.org/10.18332/tid/191246
http://doi.org/10.1016/S0140-6736(07)61698-5
http://doi.org/10.1016/S0140-6736(07)61698-5

Research Paper

10.

11.

12.

13.

14.

15.

16.

Nilsson PM, Fagerstrom KO. Smoking cessation: it is
never too late. Diabetes Care. 2009;32 Suppl 2(Suppl
2):8423-8425. doi:10.2337/dc09-5352

Al-Doghether MH. Do we need national guidelines for
smoking cessation?. Ann Saudi Med. 2001;21(1-2):3-4.
doi:10.5144/0256-4947.2001.3

Khanagar SB, Siddeeqh S, Khinda V, Khinda P, Divakar
DD, Jhugroo C. Impact of electronic cigarette smoking on
the Saudi population through the analysis of literature: a
systematic review. J Oral Maxillofac Pathol. 2019;23(3):473.
d0i:10.4103/jomfp. JOMFP 141 19

Alrabah M, Gamaleddin I, Allohidan F. International
approaches to tobacco-use cessation programs and policy for
adolescents and young adults in Saudi Arabia. Curr Addict
Rep. 2018;5(1):65-71. doi:10.1007/s40429-018-0188-9
Abid O, Alwadey AM, Eldeirawi K. Prevalence of tobacco
smoking between 2009 and 2015 among students and the
general population in the Kingdom of Saudi Arabia. Tob
Induc Dis. 2023;21:52. doi:10.18332/tid/153975

Mehta H, Nazzal K, Sadikot RT. Cigarette smoking and
innate immunity. Inflamm Res. 2008;57(11):497-503.
doi:10.1007/s00011-008-8078-6

Premkumar M, Anand AC. Tobacco, cigarettes, and the liver:
the smoking gun. J Clin Exp Hepatol. 2021;11(6):700-712.
d0i:10.1016/j.jceh.2021.07.016

Roca-Fernandez A, Banerjee R, Thomaides-Brears
H, et al. Liver disease is a significant risk factor for
cardiovascular outcomes - A UK Biobank study. J Hepatol.
2023;79(5):1085-1095. doi:10.1016/j.jhep.2023.05.046
Heeren J, Scheja L. Metabolic-associated fatty liver disease
and lipoprotein metabolism. Mol Metab. 2021;50:101238.
doi:10.1016/j.molmet.2021.101238

Hedayatnia M, Asadi Z, Zare-Feyzabadi R, et al. Dyslipidemia
and cardiovascular disease risk among the MASHAD study
population. Lipids Health Dis. 2020;19(1):42. doi:10.1186/
$12944-020-01204-y

Zhuang JL, Liu YY, Li ZZ, et al. Amentoflavone prevents
ox-LDL-induced lipid accumulation by suppressing the
PPARY/CD36 signal pathway. Toxicol Appl Pharmacol.
2021;431:115733. doi:10.1016/j.taap.2021.115733
Valdivielso P, Hidalgo A, Rioja J, et al. Smoking and postprandial
triglycerides are associated with vascular disease in patients
with type 2 diabetes. Atherosclerosis. 2007;194(2):391-396.
doi:10.1016/j.atherosclerosis.2006.08.006

Al-Awadhi AM, Jadaon MM, Alsayegh FA, Al-Sharrah SK.
Smoking, von Willebrand factor and ADAMTS-13 in healthy
males. Scand J Clin Lab Invest. 2012;72(8):614-618. doi:1
0.3109/00365513.2012.725864

Kanaji S, Fahs SA, Shi Q, Haberichter SL, Montgomery RR.
Contribution of platelet vs. endothelial VWF to platelet adhesion
and hemostasis. ] Thromb Haemost. 2012;10(8):1646-1652.
doi:10.1111/j.1538-7836.2012.04797 x

van Schie MC, de Maat MP, Isaacs A, et al. Variation in
the von Willebrand factor gene is associated with von
Willebrand factor levels and with the risk for cardiovascular

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Tobacco Induced Diseases

disease. Blood. 2011;117(4):1393-1399. doi:10.1182/
blood-2010-03-273961

Mohammadi L, Han DD, Xu F, et al. Chronic e-cigarette use
impairs endothelial function on the physiological and cellular
levels. Arterioscler Thromb Vasc Biol. 2022;42(11):1333-
1350. doi:10.1161/ATVBAHA.121.317749

Muddathir ARM, Abd Alla MI, Khabour OF. Waterpipe
smoking is associated with changes in fibrinogen, FVII,
and FVIII levels. Acta Haematol. 2018;140(3):159-165.
d0i:10.1159/000492740

Hunter KA, Garlick PJ, Broom I, Anderson SE, McNurlan
MA. Effects of smoking and abstention from smoking
on fibrinogen synthesis in humans. Clin Sci (Lond).
2001;100(4):459-465. doi:10.1042/cs1000459
Wannamethee SG, Lowe GD, Shaper AG, Rumley A, Lennon
L, Whincup PH. Associations between cigarette smoking,
pipe/cigar smoking, and smoking cessation, and haemostatic

and inflammatory markers for cardiovascular disease. Eur
Heart J. 2005;26(17):1765-1773. d0i:10.1093/eurheartj/
€hil83

Alkan FA, Cakmak G, Karis D, et al. The evaluation of
plasma viscosity and endothelial dysfunction in smoking
individuals. Clin Hemorheol Microcire. 2014;58(3):403-413.
doi:10.3233/CH-131796

Karciauskaite D, Grybauskiene R, Statkeviciene A,
Auskalniene R. Comparison of clinical performance of
troponin T and troponin I in diagnosing acute myocardial
infarction. In Lithuanian. Medicina. 2004;40(5):439-445.
Ferencik M, Mayrhofer T, Lu MT, et al. Coronary
atherosclerosis, cardiac Troponin, and Interleukin-6 in
patients with chest pain: the PROMISE Trial results. JACC
Cardiovasc Imaging. 2022;15(8):1427-1438. doi:10.1016/j.
jemg.2022.03.016

Skranes JB, Lyngbakken MN, Hveem K, Rosje H, Omland
T. Tobacco consumption and high-sensitivity cardiac
Troponin I in the general population: The HUNT study.
J Am Heart Assoc. 2022;11(2):€021776. doi:10.1161/
JAHA.121.021776

Asgari S, Moosaie F, Khalili D, Azizi F, Hadaegh F. External
validation of the European risk assessment tool for chronic
cardio-metabolic disorders in a Middle Eastern population.
J Transl Med. 2020;18(1):267. doi:10.1186/s12967-020-
02434-5

Ahmed AE, Alsamghan A, Momenah MA, et al. Metabolic
syndrome and cardiometabolic risk factors in the mixed
hypercholesterolemic populations with respect to gender,
age, and obesity in Asir, Saudi Arabia. Int J Environ
Res Public Health. 2022;19(22):14985. d0i:10.3390/

ijerph192214985
Faught BE, Flouris AD, Cairney J. Epidemiological evidence

associating secondhand smoke exposure with cardiovascular
disease. Inflamm Allergy Drug Targets. 2009;8(5):321-327.
doi:10.2174/1871528110908050321

Al-Awadhi AM, AlFadhli SM, Mustafa NY, Sharma PN.
Effects of cigarette smoking on hematological parameters

Tob. Induc. Dis. 2024;22(July):136
https://doi.org/10.18332/tid/191246

9



https://doi.org/10.18332/tid/191246
http://doi.org/10.2337/dc09-S352
http://doi.org/10.5144/0256-4947.2001.3
http://doi.org/10.4103/jomfp.JOMFP_141_19
http://doi.org/10.1007/s40429-018-0188-9
http://doi.org/10.18332/tid/153975
http://doi.org/10.1007/s00011-008-8078-6
http://doi.org/10.1016/j.jceh.2021.07.016
http://doi.org/10.1016/j.jhep.2023.05.046
http://doi.org/10.1016/j.molmet.2021.101238
http://doi.org/10.1186/s12944-020-01204-y
http://doi.org/10.1186/s12944-020-01204-y
http://doi.org/10.1016/j.taap.2021.115733
http://doi.org/10.1016/j.atherosclerosis.2006.08.006
http://doi.org/10.3109/00365513.2012.725864
http://doi.org/10.3109/00365513.2012.725864
http://doi.org/10.1111/j.1538-7836.2012.04797.x
http://doi.org/10.1182/blood-2010-03-273961
http://doi.org/10.1182/blood-2010-03-273961
http://doi.org/10.1161/ATVBAHA.121.317749
http://doi.org/10.1159/000492740
http://doi.org/10.1042/cs1000459
http://doi.org/10.1093/eurheartj/ehi183
http://doi.org/10.1093/eurheartj/ehi183
http://doi.org/10.3233/CH-131796
http://doi.org/10.1016/j.jcmg.2022.03.016
http://doi.org/10.1016/j.jcmg.2022.03.016
http://doi.org/10.1161/JAHA.121.021776
http://doi.org/10.1161/JAHA.121.021776
http://doi.org/10.1186/s12967-020-02434-5
http://doi.org/10.1186/s12967-020-02434-5
http://doi.org/10.3390/ijerph192214985
http://doi.org/10.3390/ijerph192214985
http://doi.org/10.2174/1871528110908050321

Research Paper

29.

30.

31.

32.

33.

34.

35.

36.

and von Willebrand factor functional activity levels in
asymptomatic male and female Arab smokers. Med Princ
Pract. 2008;17(2):149-153. doi:10.1159/000112970

Skranes JB, Claggett BL, Myhre PL, et al. Current smoking
is associated with lower concentrations of high-sensitivity

cardiac Troponin T in patients with stable coronary artery
disease: the PEACE Trial. Circulation. 2019;140(24):2044-
2046. doi:10.1161/CIRCULATIONAHA.119.041991
Alsalhen KS, Abdalsalam RD. Effect of cigarette smoking
on liver functions: a comparative study conducted among
smokers and non-smokers male in El-beida City, Libya.
Int Curr Pharm J. 2014;3(7):291-295. doi:10.3329/icpj.
v3i7.19077

Moradinazar M, Pasdar Y, Najafi F, et al. Association between
dyslipidemia and blood lipids concentration with smoking
habits in the Kurdish population of Iran. BMC Public Health.
2020;20(1):673. doi:10.1186/s12889-020-08809-z
Gastaldelli A, Folli F, Maffei S. Impact of tobacco smoking
on lipid metabolism, body weight and cardiometabolic
risk. Curr Pharm Des. 2010;16(23):2526-2530.
doi:10.2174/138161210792062858

Graff-Iversen S, Hewitt S, Forsén L, Grotvedt L, Ariansen 1.
Associations of tobacco smoking with body mass distribution;
a population-based study of 65,875 men and women in
midlife. BMC Public Health. 2019;19(1):1439. doi:10.1186/
$12889-019-7807-9

Morris RW, Taylor AE, Fluharty ME, et al. Heavier smoking
may lead to a relative increase in waist circumference: evidence

for a causal relationship from a Mendelian randomisation
meta-analysis. The CARTA consortium. BMJ Open.
2015;5(8):¢008808. doi:10.1136/bmjopen-2015-008808
Mann SJ, James GD, Wang RS, Pickering TG. Elevation of
ambulatory systolic blood pressure in hypertensive smokers.
A case-control study. JAMA. 1991;265(17):2226-2228.
doi:10.1001/jama.1991.03460170080037

Primatesta P, Falaschetti E, Gupta S, Marmot MG, Poulter
NR. Association between smoking and blood pressure:

evidence from the health survey for England. Hypertension.
2001;37(2):187-193. doi:10.1161/01.hyp.37.2.187

Tobacco Induced Diseases

ACKNOWLEDGEMENTS
We have deposited a preprint in research square in the following link:
https://www.researchsquare.com/article/rs-2876379/v1

CONFLICTS OF INTEREST
The authors have completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and none was reported.

FUNDING
There was no source of funding for this research.

ETHICAL APPROVAL AND INFORMED CONSENT

Ethical approval was obtained from the National Committee of
Bioethics, King Abdulaziz City for Science and Technology (Approval
number: H-02-3J-002; Date: 1 February 2022). Participants and their
guardians provided informed consent.

DATA AVAILABILITY
The data supporting this research can be found in the Supplementary
file.

AUTHORS' CONTRIBUTIONS

SS and FL: study concept and design, drafting of the manuscript, and
critical revision of the manuscript for important intellectual content. FL:
acquisition, analysis, and interpretation of data. FL: statistical analysis.
SS: study supervision. All authors read and approved the final version of
the manuscript.

PROVENANCE AND PEER REVIEW
Not commissioned; externally peer reviewed.

Tob. Induc. Dis. 2024;22(July):136
https://doi.org/10.18332/tid/191246

10


https://doi.org/10.18332/tid/191246
http://doi.org/10.1159/000112970
http://doi.org/10.1161/CIRCULATIONAHA.119.041991
http://doi.org/10.3329/icpj.v3i7.19077
http://doi.org/10.3329/icpj.v3i7.19077
http://doi.org/10.1186/s12889-020-08809-z
http://doi.org/10.2174/138161210792062858
http://doi.org/10.1186/s12889-019-7807-9
http://doi.org/10.1186/s12889-019-7807-9
http://doi.org/10.1136/bmjopen-2015-008808
http://doi.org/10.1001/jama.1991.03460170080037
http://doi.org/10.1161/01.hyp.37.2.187
https://www.researchsquare.com/article/rs-2876379/v1

