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Abstract: Smoking is well known to be correlated with cardiovascular abnormalities, in particular
atherosclerosis and heart diseases. This article investigates the effect and relationship of smoking
tobacco on the thickness of the intima–media (IMT) belonging to the common carotid arteries (CCAs),
and also blood concentration of the lipid profile (LP), mainly the total cholesterol, High Density
Lipoprotein (HDL), Low Density Lipoprotein (LDL) and also triglycerides. Nineteen male tobacco
smokers and thirty-five healthy male non-smoking Saudi participants were involved in this study
after obtaining their informed consent. An ultrasound and a spectrophotometer were used to
determine the IMTs and lipid parameters, respectively. The thicknesses of the smokers’ right (RCA)
and left carotid (LCA) arteries (0.72 and 0.7 mm, respectively) were significantly greater than the
thicknesses of the arteries of the non-smokers (0.58 and 0.62 mm, respectively) (p-value = 0.005 and
0.04). Insignificant differences between the means of the other parameters in the two groups were
studied. Smoking is a risk factor for stroke, because it significantly increases the IMTs of both the
right and left carotid arteries.

Keywords: ultrasound; intima–media thickness; total cholesterol; right carotid artery; HDL; choles-
terol; triglycerides

1. Introduction

Carotid artery stenosis (CAS), or increased thickness of the carotid arteries, is a
cardiovascular disease (CVD) and is one of the major factors associated with strokes
worldwide. Of the incidences of stroke, 25–40% can be attributed to two types of CAS,
namely, extracranial and intracranial. Strokes are also the third leading cause of disability
and mortality globally [1].

CAS is caused by atherosclerosis, which is the result of hyperlipidemia and lipid
oxidation. Atherosclerosis is characterized by the deposition of fats in the inner layer
(intima) of the arteries and is referred to as plaque, which results in obstruction of the supply
of blood to the brain, various strokes and sudden death. The main risk factors for CVD
include smoking cigarettes, obesity, diabetes, hypertension and unhealthy lifestyles [2].

The incidence of strokes in the Gulf countries ranged from 27.6 to 57 per 100,000 people.
In Saudi Arabia, the number of stroke survivors was 186 per 100,000 people [3]. In terms of
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mortality, 37% of the deaths in Saudi Arabia in 2016 could be attributed to CVD, including
strokes [4].

Previous studies have generally reported a positive correlation between smoking and
the thickening of the carotid arteries [5,6]. Many prior studies have provided evidence for
the variable effects of smoking on the concentration of total blood cholesterol (TC), HDL
cholesterol (HDL-C), LDL cholesterol (LDL-C), and also triglycerides (TG) [7–9].

This research investigated the consequences of smoking on the common carotid artery
(CCA) thickness and also on the lipid profile (LP). The LP included the TC, TG, HDL-C
and LDL-C.

2. Materials and Methods
2.1. Study Design

This research can be described as a descriptive, cross-sectional and case–control
study. However, the major weaknesses of cross-sectional and case–control studies are the
difficulty of determining causal effects and risk factors and the difficulty of generalizing
their conclusions [10]. Still, the cross-sectional and case–control study designs are useful in
the description of variables and the pattern of their distribution, and they open a window
for surveillance and longitudinal studies.

2.2. Community and Sampling Procedure

Thirty-five healthy male non-smokers and nineteen male tobacco smokers living in
the Asir region in the southwest region of the Kingdom of Saudi Arabia were involved
in this research after signing a written informed consent form. None of the subjects were
suffering from any disease symptoms, and none were using any medication.

The subjects were divided into two major groups: smokers and non-smokers. The
smoker and non-smoker groups were age and body mass index (BMI) matched, and
they were divided into three groups (20–30, 31–40 and 41–50 years and normal 18.9–25,
overweight 25–29.9 and obese ≥ 30), respectively.

Five milliliters of intravenous blood samples were taken from each participant ran-
domly, and transferred to an EDTA tube for analyses of the lipid profiles.

2.3. Ethics Approval

This research was ethically certified by the Research Ethics Committee of the College
of Medicine, King Khalid University (REC# 2018-06-36). Investigations were carried out
following the rules of the Declaration of Helsinki of 1975, revised in 2013.

2.4. Analysis Procedure

Determination of the LP was by utilizing a spectrophotometer and analysis kits from
HUMAN of Germany. The kit code numbers for the TC, TG and HDL-C were 10017,
10720P and 10084, respectively. The LDL-C concentration was calculated using the online
calculator according to the Friedewald equation available at: https://www.mdcalc.com/
ldl-calculated (accessed on 20 February 2021).

2.5. Intima–Media Thickness (IMT) Measurement of the Common Carotid Arteries

Measurement of IMT of both carotid arteries, i.e., right (RCA) and left (LCA), was
done utilizing a real-time, gray-scale ultrasound (US) using a logic 3, LSD 30269WS5. A
high-frequency (10 MHZ) linear transducer was utilized, which provided a suitable image
quality. Performance of the US was done with the participants in the supine position.
IMTs of both the carotid arteries were then measured. The posterior wall of the carotid
arteries was taken as the beginning point after due magnification of the image for better
visualization.

https://www.mdcalc.com/ldl-calculated
https://www.mdcalc.com/ldl-calculated
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2.6. Statistical Analysis

The Statistical Package for Social Sciences (SPSS) version 20 was used for the analysis
of the obtained results. The tests used were the t-test percent, the independent t-test, and
the Fisher’s least significance difference (LSD) of Analysis of Variance (ANOVA)test. The
t-test percent from the online resource MedCalc was used to assess the effect of the CVD
risk factors on the two study groups. The independent t-test was used to investigate the
effect of smoking, whereas the ANOVA test was carried out for the investigation of the
effect of age and BMI on the studied parameters.

3. Results
3.1. The Cardiovascular Disease Risk Factors of the Study Groups

Some modifiable risk factors for CVD (hypertension, diabetes, abdominal obesity,
cigarette smoking and dyslipidemia) and two non-modifiable risk factors (aging and male
gender) were assessed before investigating the effect of smoking (Table 1).

Table 1. Risk factors of CVD in the study groups.

Studied CVD Risk Factors Non-Smokers (35) Smokers (19) Comment

Modifiable risk factors

Hypertension 0 (0%) 0 (0%) None of the study subjects
were hypertensive

Diabestes 0 (0%) 0 (0%) None of the study subjects
were diabetic

Abdominal obesity 11 (31.4%) 6 (31.6%)

The percentages of the
participants with abdominal
obesity were approximately
the same in the two study
groups (p-value = 0.99) *

Cigarette smoking 0 (0%) 19 (100%) This is the study phenomnon

Dyslipidemia 15 (42.9%) 9 (47.4%)

The percentages of the
participants with dyslipemia in

the study groups were
insignificantly different

(p-value = 0.75) *

Non-modifiable risk
factors

Increasing age 13 (37.1%) 5 (26.3%)

The percentages of elder
participants were

insignificantly different
(p-value = 0.43) *

Male gender 35 (100%) 19 (100%) All the study subjects were
males

The two study groups were affected by the same CVD risk factors, except for the effect of smoking which affected the smokers only. * The
p-value was calculated using the online t-test percent MedCalc calculator available at: https://www.medcalc.org/calc/comparison_of_
proportions.php (accessed on 20 February 2021).

3.2. Smoking with RCA and LCA IMT

The means of blood HDL and LDL cholesterol were lower in the blood of smokers
than in non-smokers, whereas the TC, TG, the TC/HDL-C ratio and IMTs of the two
corresponding carotid arteries were increased (Table 2). Significant increases in the RCA
and LCA’s thickness were noted, whereas the other variations were insignificant (see
Table 2 and corresponding Figure 1).

https://www.medcalc.org/calc/comparison_of_proportions.php
https://www.medcalc.org/calc/comparison_of_proportions.php
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Table 2. Mean values of the investigated parameters in the study groups.

Parameter Non-Smokers (35) Smokers (19) p-Value

TC mg/dL 154. 9 ± 37.9 160.1 ± 39.7 0.65

TG mg/dL 222.4 ± 193.9 243.2 ± 174.9 0.82

HDL-C mg/dL 44.2 ± 15.9 41.5 ± 10.6 0.5

LDL-C mg/dL 72.5 ± 28.8 65 ± 21.8 0.48

TC/HDL ratio 3.8 ± 1.3 4.04 ± 1.4 0.55

RCA (mm) 0.58 ± 0.22 0.72 ± 0.14 0.005

LCA (mm) 0.62 ± 0.13 0.70 ± 0.14 0.04
Smoking was found to increase both RCA and LCA IMTs significantly.
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Figure 1. Increase in the thickness of the RCA and LCA.

3.3. Effect of the Duration and Frequency of Smoking

The duration of smoking decreased the ratio of TC/HDL-C insignificantly, whereas
the other parameters increased insignificantly (Table 3). The duration of smoking was cor-
related insignificantly and inversely to the TC/HDL ratio (Pearson’s correlation = −0.252)
and to the frequency of smoking (Pearson’s correlation = −0.088).

Table 3. The effect of the duration and frequency of smoking on the mean values of the studied parameters.

Parameter
Duration (Years) Frequency (Cigarettes Per Day)

≤5 no: (8) 6–10 (4) 11–15 (3) 16–20 (4) ≤5 (9) 6–10 (6) 11–15 (4)

TC mg/dL 168.2 ± 38.1 125.8 ± 14.4 148.1 ± 82.2 171.7 ± 31.9 167.1 ± 31.3 160.9 ± 49.5 125.5 ± 21.9

TG mg/dL 223.6 ± 117.6 164.8 ± 36.3 442.6 ± 557.6 251.4 ± 59.9 221 ± 58.3 294.4 ± 260.2 138.4 ± 47.6

HDL-C
mg/dL 39.6 ± 8.9 37.8 ± 11.1 50.9 ± 25 44.1 ± 7.3 42.5 ± 5.5 37.9 ± 14.5 51 ± 4.2

LDL-C
mg/dL 56.0 ± 18.25 53.0 ± 11.30 38.5 + 12.02 88.0 ± 16.70 67.8 ± 18.89 61.8 ± 27.23 40.0 ± 7.07

TC/HDL
ratio 4.5 ± 1.7 3.4 ± 0.7 2.9 ± 0.22 3.9 ± 0.86 3.9 ± 0.79 4.5 ± 1.8 2.5 ± 0.64

RCA (mm) 0.71 ± 0.13 0.74 ± 0.16 0.6 ± 0.1 * 0.83 ± 0.1 * 0.76 ± 0.13 0.67 ± 0.14 0.7 ± 0.28

LCA (mm) 0.68 ± 0.14 0.75 ± 0.13 0.6 ± 0.1 0.8 ± 0.14 0.76 ± 0.12 0.64 ± 0.12 0.60 ± 0.28

* There was a significant variation between the mean IMTs of the right carotid artery for smokers aged 11 to 15 and for those aged 16 to
20 years (p-value = 0.035).
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The duration of smoking had an insignificant increase effect on all of the parame-
ters studied except for the TC/HDL-C ratio, which decreased, whereas the frequency
of smoking decreased all the studied parameters insignificantly, except for the HDL-C
concentration, which increased.

The frequency of smoking decreased all the studied parameters insignificantly, except
for the HDL, which experienced an insignificant increase (Table 3). The frequency of
smoking was correlated inversely with total cholesterol (Pearson’s correlation = −0.271),
triglycerides (Pearson’s correlation = −0.005), the HDL-C (Pearson’s correlation = −0.005),
LDL-C (Pearson’s correlation = −0.64), the cholesterol/HDL ratio (Pearson’s correlation
= −0.139), the IMT of the RCA (Pearson’s correlation = −0.226) and the IMT of the LCA
(Pearson’s correlation = −0.454). The inverse correlation of the frequency of smoking
and the LDL-C and the IMT of the left carotid artery was significant (p-value = 0.034 and
p-value = 0.045, respectively).

3.4. Effect of Age

With regard to the smokers, age had insignificant effects on all the studied analytes
(Table 3). The ages of the non-smokers had a significant effect on the TC, TC/HDL ratio
and the IMTs of the RCA and LCA (Table 4).

Table 4. Effect of age (years) on the calculated parameters’ mean and standard deviation for smokers and non-smokers.

Parameter

Age Group

Smokers Non-Smokers

20–29
(8)

30–39
(6)

40–49
(5)

20–29
(8)

30–39
(14)

40–49
(13)

TC mg/dL 147.7 ± 41.6 151.4 ± 42.1 189.6 ± 18.2 124.7 ± 25.9 a 157.9 ± 42.5 171.9 ± 28.2 a

TG mg/dL 197.5 ± 134.2 192.0 ± 89.8 378.9 ± 259.5 126.7 ± 106.4 276.3 ± 279.9 251.5 ± 123.7

HDL-C mg/dL 37.0 ± 8.7 41.2 ± 9.5 48.2 ± 13.0 47.24 ± 17.3 46.4 ± 17.2 39.9 ± 13.8

LDL-C mg/dL 56.8 ± 11.05 41.0 ± 8.48 73.5 ± 32.05 52.25 ± 15.59 b 70.82 ± 27.85 88.9 ± 26.77 b

TC/HDL ratio 4.2 ± 1.9 3.8 ± 1.3 4.0 ± 0.7 2.8 ± 0.7 c 3.6 ± 0.96 4.7 ± 1.48 c

RCA (mm) 0.7 ± 0.15 0.71 ± 0.11 0.78 ± 0.16 0.51 ± 0.06 d 0.64 ± 0.17 0.76 ± 0.19 d

LCA (mm) 0.7 ± 0.12 0.67 ± 0.14 0.76 ± 0.17 0.51 ± 0.06 e 0.65 ± 0.15 0.74 ± 0.13 e

The ages of the smokers had no significant effects on the studied parameters, which increased with the increase in the smokers’ ages, with
the exception of the TC/HDL-C ratio. With regard to the non-smoking group, the total blood cholesterol, the LDL-C, the TC/HDL-C ratio
and RCA’s and LCA’s IMTs increased significantly as the ages increased, whereas there was an insignificant increase in the TG and an
insignificant decrease in the HDL-C: a (p-value = 0.005), b (p-value = 0.005), c (p-value = 0.001), d (p-value = 0.002) and e (p-value < 0.001).

3.5. The Effect of BMI

BMI had different effects on smokers’ and non-smokers’ studied parameters. In
the non-smoking group, BMI had an insignificant effect on all of the parameters studied
(Table 5).

Table 5. Effect of BMI on calculated parameters’ mean values for smokers and non-smokers.

Parameter

BMI

Smokers Non-Smokers

Normal
(7)

Overweight
(6)

Obese
(6)

Normal
(13)

Overweight
(11)

Obese
(11)

TC mg/dL 133.12 ± 52.38 165.8 ± 38.5 171.9 ± 28.1 142.2 ± 33.6 173.1 ± 50.3 156.1 ± 28.4

TG mg/dL 183.5 ± 177.9 204.8 ± 73.1 297.7 ± 209.5 163.9 ± 108.7 319.9 ± 329.2 238.5 ± 133.6

HDL-C mg/dL 37.32 ± 10.3 41.9 ± 10.7 43.5 ± 11.3 41.1 ± 7.93 45.67 ± 21.9 48.27 ± 16.3

LDL-C mg/dL 48.75 ± 13.87 75.0 ± 26.68 55.0 ± 21.79 68.67 ± 27.62 81.43 ± 30.41 70.4 ± 32.16
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Table 5. Cont.

Parameter

BMI

Smokers Non-Smokers

Normal
(7)

Overweight
(6)

Obese
(6)

Normal
(13)

Overweight
(11)

Obese
(11)

TC/HDL ratio 3.95 ± 2.5 4.02 ± 0.71 4.11 ± 0.94 3.58 ± 1.13 4.35 ± 1.85 3.47 ± 0.88

RCA (mm) 0.61 ± 0.13 a 0.78 ± 0.12 a* 0.76 ± 0.12 a** 0.58 ± 0.2 0.67 ± 0.13 0.69 ± 0.18

LCA (mm) 0.60 ± 0.13 b 0.77 ± 0.10 b* 0.73 ± 0.13 b** 0.58 ± 0.15 0.68 ± 0.11 0.68 ± 0.16

Smokers’ BMIs increased TC, HDL-cholesterol, TG and the TC/HDL ratio insignificantly, whereas it increased both right and left carotid
artery IMTs significantly. Non-smokers’ BMIs had an insignificant effect on all the parameters studied: The significant differences
between the studied mean values were associated with IMT of the carotids arteries as follows: a (p-value = 0.005), b (p-value = 0.005),
a* (p-value = 0.021), a** (p-value = 0.16), b* (p-value = 0.027) and b** (p-value = 0.05).

The smokers’ BMIs increased TC, TG, HDL-cholesterol and the TC/HDL ratio insignif-
icantly. The RCA and LCA IMTs increased significantly as the smokers’ BMIs increased
(Table 5). In summary, BMI was shown to have a regulatory effect on smokers’ lipid profiles.

Regarding the effect of smoking irrespective of the BMI effect, it significantly affected
the LCA (p-value = 0.005) and the RCA (p-value = 0.04) (Table 2), while the BMI exerted
significant effects on the LCA (p-value = 0.016) and the RCA (p-value = 0.05). The conclusion
of this comparison is that the smoking effect on carotid artery thickness is higher than the
effect of BMI.

3.6. Carotid Artery IMTs and Corresponding Lipid Profile

Non-smokers’ carotid artery IMTs were associated insignificantly with increased TC,
TG and the TC/HDL-C ratio, and were also associated with insignificant decreases in
HDL-C and LDL-C (Table 6).

Table 6. Mean values of studied parameters in smokers and non-smokers, according to carotid artery thicknesses.

Parameter

Carotid Artery Thickness (mm)

Smokers Non-Smokers

≤0.6
(5)

0.7–0.8
(10)

0.9≥
(4) ≤0.6 (21) 0.7–0.8 (10) 0.9≥

(4)

TC mg/dL 127.2 ± 45.4 * 172.9 ± 30.8 * 167.7 ± 39.8 146.6 ± 30.5 176.2 ± 47.02 149.2 ± 27.7

TG mg/dL 239.4 ± 335.2 245.5 ± 88.9 241.4 ± 105.3 188.4 ± 143.5 321.4 ± 308.8 241.1 ± 118.7

HDL-C mg/dL 42.9 ± 17.8 40.1 ± 7.7 44.1 ± 7.7 45.2 ± 15.1 44.8 ± 18.4 38.23 ± 17.4

LDL-C mg/dL 48.2 ± 16.30 64.30 ± 33.49 75.3 ± 13.79 68.83 ± 29.38 85.63 ± 30.27 62.75 ± 17.86

TC/HDL ratio 3.13 ± 0.87 4.53 ± 1.54 3.8 ± 0.43 3.5 ± 1.36 4.16 ± 0.97 4.47 ± 1.73

There was significant increase in the triglycerides concentration of the smokers with the increase of the IMT of the carotid arteries
* (p-value = 0.032).

With regard to the smokers, the carotid artery IMTs were associated with an insignifi-
cant increase in the concentration of TG and HDL-C, LDL-C and the TC/HDL-C ratio. The
cholesterol increased significantly as the IMTs increased (Table 5).

From the above-mentioned results, it is apparent that carotid artery IMT is associated
with abnormal lipid profile.

4. Discussion

Compared to previous findings, the smokers in this study exhibited a significant
increase in the IMTs of both the RCA and the LCA. The IMTs of the two carotid arteries
increased insignificantly as the duration of smoking increased, and decreased as the
frequency of smoking increased. The studied parameters of both smokers and non-smokers
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were affected variably by both age and BMI. Carotid artery IMTs play a crucial role in
determining the LP, specifically the plasma HDL-C, blood cholesterol and cholesterol ratio.

A significant, positive effect of smoking on TC, TG and LDL-C was reported in most
of the previous studies [4,11–13]. Venkatesan et al. (2006) found that the TC, LDL-C and
non-HDL-C were elevated notably in the blood of smokers, compared to non-smokers [14].
With regard to the effect of smoking on the concentration of HDL-C in the blood, most
previous studies demonstrated that smoking significantly decreased the level of HDL-C in
the blood [15–17]. To some extent, the findings of this study are similar to those of previous
research, as this work reported that smoking was associated with insignificant increases in
the TC, TG and the blood cholesterol ratio, and with an insignificant decrease in HDL-C.

It is well known that smoking is strongly correlated with high TC/HDL and also
LDL/HDL ratios. Elevated cholesterol ratios are risk factors for CVD, strokes and sudden
death [18–20]. However, the cholesterol ratios in this study increased insignificantly in the
blood of smokers compared to non-smokers. All of the previous studies found that smoking
was accompanied by high TC, elevated LDL-C and depleted HDL-C, and therefore with
high cholesterol ratios [11–17].

Similar to our findings, previous research has demonstrated that smoking is associated
with increased thickness of the carotid arteries [21–25].

With regard to the effect of the frequency of smoking, we concluded that it was
associated insignificantly with decreased TC, TG, the TC/HDL-C ratio and RCA and LCA
IMTs; this frequency was also associated with an insignificant increase in HDL-C. Alharbi
(2011) reported that smoking one to five cigarettes per day was correlated with significantly
increased triglycerides, and that smoking six to fifteen cigarettes per day resulted in
significantly increased HDL-C and TG [26]. The HDL-C increase due to smoking cigarettes
more frequently may play a role in removing cholesterol from blood vessel walls, because
HDL-C reverses the transport of cholesterol from the extrahepatic tissues to the liver (thus
acting as a scavenging molecule) [27]. In contrast to our study and that of Alharbi (2011),
a Japanese study found that heavy smoking was associated with a high concentration of
triglycerides and a low concentration of HDL [28]. An Iraqi study mentioned that heavy
smoking might be associated with increased total cholesterol and LDL [12].

In our study, the duration of smoking increased the total cholesterol, triglycerides,
HDL-C and carotid artery IMTs insignificantly, and decreased total cholesterol/HDL-C
ratio insignificantly. In contrast to our findings, Hassan et al. (2013) stated that the duration
of smoking was associated with decreased HDL-C [13], while we found that the HDL-C
increased insignificantly as the duration of smoking increased.

With regard to the consequence of age on the LP parameters studied, this study
found that the non-smokers’ ages had significant effects on the total cholesterol, the total
blood cholesterol/HDL-C ratio and the RCA and LCA IMTs. The smokers’ ages had an
insignificant effect on the lipid profile. Rizvi and Nagra (2014) found that age and gender
had significant effects on the lipid profile [29].

In this study, we found that the BMI of the non-smokers insignificantly influenced all
the said parameters while the BMI of the smokers significantly influenced the IMT of the
CA. A previous study conducted in Florida, USA concluded that high BMI is correlated
with elevated triglycerides and depleted HDL-C [30].

We found that the carotid artery IMTs were associated with an insignificant decrease
in HDL-C in the non-smoking group and an insignificant increase in HDL-C in the group
of smokers. Yang et al. (2014) reported that human subjects with carotid plaques had sig-
nificantly lower HDL-C and significantly increased LDL, TC/HDL-C ratios and LDL/HDL
ratios than did healthy human subjects without carotid plaques [31].

This research is descriptive in nature, and its findings cannot be generalized due to
the small number of samples and subgroups.
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5. Conclusions

The conclusions of this study are as follows:

(1) Smoking is a risk factor for strokes because of the significant increase in carotid
artery IMTs;

(2) TC, TG, HDLC, LDL-C and the TC/HDL ratio of the smokers differed insignificantly
from those of the non-smokers; and

(3) Due to the small number of participants in the subgroups, it is not statistically valid to
draw a conclusion about the effects of age, BMI, smoking duration and smoking fre-
quency.
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