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ABSTRACT

The clinical manifestations of atherosclerosis are one of the most important public health
conditions in terms of frequency and smoking is one of its most important risk factors. The
aim of this study was to prove the relationship between smoking and atherogenic risk by
researching changes in atherogenic indices (CT/HDL-c, LDL-c/HDL-c and CRP) in a population
of smokers (n=43) compared to non-smokers (n=17) from the city of Batna. The results show
significant increases (p<0.05) in atherogenic indices in smokers compared to non-smokers
based on different criteria (age, BMI (Body Mass Index), family history and physical activity).
The results also show that the duration and frequency of smoking significantly increase the
two atherogenic indices Cholesterol/HDL-c and LDL-c/HDL-c. It can be concluded that
smoking increases the risk of developing atherosclerosis. 
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INTRODUCTION
Tabagism is one of the most serious threats to public health, indeed, the latest WHO
references estimate that more than 1 billion people worldwide are smokers. Beside,
smoking was reported to be behind the death of 7 million people each year. About one
person died every 6 seconds because of it, which represents one out of every 10 adult
deaths1.
According to an Algerian health ministry report, tobacco smoking addiction, in Algeria
represents 15% of the population aged between 15 and 75 years and 9.2% in the age
range between 15 and 19 years, which places Algeria among the medium-consumption
countries2.
Tabagism is a factor of risk for many diseases,  including  different  types  of  cancer
(lung, throat, bladder). Sufficient evidence of carcinogenicity in humans has also been
found between smoking and cancer of the esophagus, stomach, colon, rectum, liver,
pancreas, nasal cavity and cervix, ovary, kidney, ureter and bone marrow3.
Cardiovascular toxicity of tobacco smoking is possible even for very low levels of
consumption and it has a nonlinear dose-response relationship and no threshold of
consumption below which smoking is not a factor of risk4.
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Several mechanisms of cardiovascular toxicity are involved: 

C Thrombosis, by increasing the aggregation of platelets
and arterial spasm, by alteration of endothelium-
dependent arterial vasomotricity5

C The mechanisms in which smoking contributes to the
formation of atherosclerotic plaque (endothelial
dysfunction, inflammation, lipid profile modification by
increasing total cholesterol, LDL-c and triglycerides with
decreasing HDL-c and fats peroxidation)6,7 

C The hemodynamic effects of smoking are associated with
increases in cardiac frequency and blood pressure, by
adrenergic nicotine stimulation6,7 

C Carbon monoxide decreases oxygen carrying capacity
due to its high hemoglobin affinity and contributes to the
increased ischemia and cardiovascular complications in
people with impaired coronary artery function3,6

Tabagism is among the risk factors of atherosclerosis, which is
characterized by "a variable association of intimal changes in
the large and medium-sized arteries, consisting of a focal
accumulation of lipids, complex carbohydrates, blood and
blood products and fibrous tissues and of calcium deposits, all
accompanied by changes in the media"8. 
Several indices are used to estimate the risk for the
development of atherosclerotic cardiovascular disease9,10:

C Castelli risk indices (CRI-I = CT/HDL-c) and (CRI-II = LDL-
c/HDL-c)

C Atherogenicity coefficient AC = (CT-HDL-c)/HDL-c
C Plasma atherogenicity index (AIP = log TG/HDL-c) 
C The ratio Apo B/Apo A1. There are other innovative

markers as: C-reactive protein (CRP and CRP ultra-
sensitive), Homocysteine, Lipoprotein (a), Adhesion
molecules (ICAM-1 and VCAM-1), Interleukin 6 (IL-6),
Metal loproteases,  Endothelins,  Adiponectin,
Phospholipase A2

The objective of the present study was to prove the
relationship between smoking and atherogenic risk by
comparing atherogenic indices (CT / HDL-c, LDL-c / HDL-c and
CRP) in a population of smokers and between the populations
of smokers and non-smokers from the city of Batna. Several
biomarkers are assayed: total cholesterol, triglycerides, LDL-c
and HDL-c and then calculate the CT/HDL-c and LDL-c/HDL-c
ratios, inflammation marker: CRP (C-Reactive Protein) and
marker of smoking carboxy hemoglobin (HbCO) for smokers.
Different criteria of comparison are kept as the duration of
smoking (more or less than 10 years), the frequency of
smoking (lower and higher than 15 cigarettes dayG1), the age
of people  (below  and  above  30 years old), BMI: inferior  and

superior than 23 kg mG2, family history of dyslipidemia (with or
without) and physical activity (active/sedentary). 

MATERIALS AND METHODS
Materials: Sodium heparin tubes, Micropipettes: 100, 200, 500
and 1000 µL, filter paper, funnels and beakers, COBAS
INTEGRA 400 plus controller, COBAS 6000 controller c 501 unit,
Centrifuge Hettich zentrifugen Universal 320R, Balance:
maximum Kern BLT100 100 g, d = 0.01 mg, Water bath, pH
meter, UV-Vis spectrophotometer Agilent Technologies Cary
60, Chronometer- Freezer (-20EC), The COBAS INTEGRA assay
cassettes. 

Methods: The study was conducted on a population of 60
voluntary male people from the city of Batna.  This  sample
was divided  into  2  groups,  Smoker's  group (n = 43) and
non-smokers (control) group (n = 17). The exclusion criteria for
the study were: 

C People with diseases (dyslipidemia, diabetes,
hypertension and all cardiovascular diseases,
nephropathies, liver diseases, lithiasis, inflammatory
syndrome) 

C Obesity, Occasional smokers (tobacco consumption in a
disturbed manner and not daily)

C People with age lower than 20 years old 
C Intake  of  drugs  that  may influence lipid balance

(statins, beta-blockers, steroids)
C Alcohol consumption 

The description of the studied population is grouped in the
(Table 1).

Table 1: Statistical description of the smokers and non-smokers populations
Factors Non-smokers Smokers
Size (n) 17 43
Weight (kg) 70±9.81 70.55±12.87
Height (m) 1.77±0.05 1.74±0.06
Age (years) 32±11.73 29.79±9.69

<30 years >30 years <30 years >30 years
13 7 30 10

BMI (kg mG2) 22.35±2.73 22.93±3.20
<23 kg mG2 >23 kg mG2 <23 kg mG2 >23 kg mG2

9 8 26 17
Family history of 41.17% 39.53%
dyslipidemia Without With Without With

10 7 26 17
Physical activity (%) 17.64 46.51

No Yes No Yes
14 3 23 20

Duration of smoking / 12.1±9.59 years
<10 years >10 years
25 18

Frequency of smoking / 19.79±10.57
(cigarette dayG1) <15 cig dayG1 >15 cig dayG1

15 28
Mean±Standard Deviation
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Statistical analysis: The statistical Student (t) test with a
confidence level of 95% (statistical significance for p<0.05))
was performed to compare between the groups. The results
are expressed as mean± relative standard deviation.

RESULTS AND DISCUSSION 
Study of the biological parameters of the non-smoking
population: The biological parameters of the non-smoking
population are given in Table 2, from the results obtained and
it can be noted that: The concentrations of CT, TG, LDL-c, CRP
and the LDL-c/HDL-c ratio are in the  normal  range
throughout the non-smoking population, while that 88.24%
of non-smokers have a moderate risk for HDL-c (0.35 g LG1

<HDL-c <0.55 g LG1) and 17.65% are reported  to  have
CT/HDL-c higher than the normal range (CT/HDL-c> 3.5).

Study of the biological parameters of the smoking
population: The results of the study of the biological
parameters of the smoker population are given in Table 3 and
it can be seen that: 2.32% of smokers are at moderate risk for
the parameters: CT and TG (CT: 2-2.39 g LG1, TG: 1.5-1.99 g LG1).

All smokers have an HDL-c concentration lower than the
normal range (HDL-c <0.55 g LG1), 60.46% have a moderate
risk (0.35-0.55 g LG1) and 39.54%  are  at  high  risk (HDL-c
<0.35 g LG1). The 34.88% of smokers have a concentration of
LDL-c higher than the normal range (< 1 g LG1), 23.25% have
a slightly elevated concentration (1-1.29 g LG1) and 11.62%
have a moderate risk (1.3-1.59 g LG1). All smokers have CRP
levels within the normal range (CRP<5 mg LG1) and 58.14%
have CT/HDL-c > 3.5, while that 27.91% have LDL-c/HDL-c> 3
(above the normal range). HbCO% ranges from 2.21-12.26%
(mean: 5.61%), resulting that the whole smoking population
have an HbCO above the normal range (HbCO> 2%).

Study of biological parameters according to the impact of
smoking: Significant difference (Student test) was noted
between  the  smoking  and non-smoking populations for
HDL-c, LDL-c, CRP, HbCO, CT/HDL-c and LDL-c/HDL-c ratios
while that the values of CT and TG levels showed no statistical
significant difference between the two  groups,  values  of
LDL-c, CRP, CT/HDL-c, LDL-c/HDL-c, HbCO are significantly
higher, on the other hand, HDL-c was significantly lower in the
smoking population (Table 4).

Table 2: Biological parameters in the non-smoking population 
CT (g LG1) TG (g LG1) HDL-c (g LG1) LDL-c (g LG1) CRP (mg LG1) CT/HDL-c LDL-c/HDL-c

Mean 1.36 0.75 0.46 0.63 0.50 3.02 1.41
Std dev 0.22 0.22 0.07 0.19 0.25 0.62 0.48
Median 1.37 0.72 0.46 0.67 0.45 3.10 1.39
Minimum 0.88 0.34 0.36 0.28 0.18 1.87 0.59
Maximum 1.75 1.21 0.65 0.89 1.10 4.33 2.47
CT: Total Cholesterol, TG: Triglycerides, HDL-c: High-Density Lipoprotein Cholesterol, LDL-c: Low-Density Lipoprotein Cholesterol, CRP: C-Reactive Protein

Table 3: Biological parameters in the smoking population
CT (g LG1) TG (g LG1) HDL-c (g LG1) LDL-c (g LG1) CRP (mg LG1) CT/HDL-c LDL-c/HDL-c

Mean 1.43 0.83 0.38 0.91 1.19 3.92 2.50
Std dev 0.30 0.30 0.06 0.24 1.02 1.33 0.99
Median 1.34 0.76 0.38 0.83 0.77 3.72 2.26
Minimum 1.02 0.43 0.30 0.60 0.14 2.04 1.15
Maximum 2.08 1.54 0.53 1.48 3.60 6.93 4.93
CT: Total Cholesterol, TG: Triglycerides, HDL-c: High-Density Lipoprotein Cholesterol, LDL-c: Low-Density Lipoprotein Cholesterol, CRP: C-Reactive Protein

Table 4: Comparison of biological parameters between smoking and non-smoking populations
Mean (n=17) Mean Percentage of pathological Percentage of pathological
non-smokers (n=43) smokers p (t-test) values: non-smokers values: smokers

CT (g LG1) 1.36±0.22 1.43±0.30 0.16 0% Moderate risk: 2.32%
TG (g LG1) 0.75±0.22 0.83±0.30 0.12 0% Moderate risk: 2.32%
HDL-c (g LG1) 0.46±0.07 0.38±0.06 0.0004 Moderate risk: 88.24% Moderate risk: 60.46%

High risk: 39.54%
LDL-c (g LG1) 0.63±0.19 0.91±0.24 0.00001 0% Moderate risk: 23.25%

High risk: 11.62%
CRP (mg LG1) 0.50±0.25 1.19±1.02 0.00006 0% 0%
CT/HDL-c 3.02±0.62 3.92±1.33 0.0003 17.65% 58.14%
LDL-c/HDL-c 1.41±0.48 2.50±0.99 1.88×10G7 0% 27.91%
HbCO (%) 2±0 5.61±2.38 6.22×10G13 0% 100%
CT: Total Cholesterol, TG: Triglycerides, HDL-c: High-Density Lipoprotein Cholesterol, LDL-c: Low-Density Lipoprotein Cholesterol, CRP: C-Reactive Protein, HbCO:
Carboxyhemoglobin
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Concordance was found with similar studies for LDL-c and
HDL-c levels, but found a significant difference for CT and TG
between smokers and non-smokers11,12. Other studies  found
similar results for CT and TG13,14. These results show a
significant increase in CT/HDL-c and LDL-c/HDL-c ratios in
smokers compared to non-smokers, these results are in
agreement with other studies. The obtained results show a
significant increase in CRP between smokers and non-
smokers. It could be concluded that tabacco smoking has a
negative impact on the lipid profile the CRP and the
atherogenic indices, which indeed increases the atherogenic
risk.

Study of biological parameters within the population of
smokers:
Influence of the duration of tabagism: A significant
difference was showed for CT, TG, HDL-c, LDL-c, CT/HDL-c and
LDL-c/HDL-c ratios, while that, no statistical significant
difference noted for the parameters CRP and HbCO. The CT,
TG, LDL-c, CT/HDL-c and LDL-c/HDL-c levels are significantly
higher within the population that has more than 10 years of
tobacco smoking, which has a negative impact on the lipid
profile and rises consequently the atherogenic risk, on the
other  hand,  the HDL-c level was significantly higher within
the population of smokers with less of 10 years of tobacco
(Table   5).   Beside,   strong   positive   linear   correlation   was

found between the duration of smoking and CT/HDL-c  ratio
(r = 0.867) and the LDL-c/HDL-c ratio (r = 0.894). The obtained
results corroborate similar studies15,16.

Influence of the frequency of smoking: Statistical significant
difference for the parameters CT, TG, HDL-c, LDL-c, CT/HDL-c
and LDL-c/HDL-c and HbCO and was not significant for CRP
between the groups of smokers that consume more than 15
cigarettes per day and those who take than 15 per day. The
levels of CT, TG, LDL-c, CT/HDL-c, LDL-c/HDL-c and HbCO are
significantly higher for the first group whereas, the HDL-c
levels are significantly lower (Table 5).

Study of the influence of the age: Within the population of
smokers which are older than 30 years old and those younger
than 30 years old, significant difference was observed for the
parameters CT, TG, HDL-c, LDL-c, CT/HDL-c, LDL-c/HDL-c and
HBCO and not significant for CRP.
A comparison between smokers and non smokers populations
at the same age ranges are carried out, with significant
difference was noted for HDL-c, LDL-c, CT/HDL-c, LDL-c/HDL-c,
CRP and HbCO between the populations of  smokers  and
non-smokers under the age of 30.
Samely, the levels of CT, TG, LDL-c, CT/HDL-c, LDL-c/HDL-c,
CRP and HbCO are significantly higher for the smokers who
are older than 30 years comparing to non smokers at the same
age range, while that HDL-c levels are lower (Table 6).

Table 5: Biological parameters according to duration and the frequency of the tobacco smoking
Mean (n=25) Mean (n=18) Mean (n=15) Mean (n=28)
duration <10 years duration >10 years p (t-test) <15 cig dayG1 >15 cig dayG1 p (t-test)

CT (g LG1) 1.23±0.16 1.72±0.18 8.15×10G11 1.30±0.26 1.50±0.29 0.01
TG (g LG1) 0.62±0.15 1.12±0.21 6.27×10G10 0.70±0.26 0.90±0.30 0.01
HDL-c (g LG1) 0.42±0.05 0.33±0.02 4.90×10G10 0.41±0.06 0.37±0.05 0.03
LDL-c (g LG1) 0.74±0.12 1.14±0.14 2.09×10G9 0.80±0.20 0.97±0.25 0.009
CRP (mg LG1) 1.12±1.00 1.28±1.06 0.31 1.12±1.08 1.23±1.00 0.37
CT/HDL-c 2.98±0.65 5.23±0.79 1.25×10G11 3.35±1.15 4.23±1.33 0.01
LDL-c/HDL-c 1.80±0.44 3.47±0.66 3.01×10G10 2.00±0.80 2.74±1.02 0.01
HbCO (%) 5.62±2.05 5.61±1.93 0.49 4.22±1.37 6.36±2.48 0.0003
CT: Total Cholesterol, TG: Triglycerides, HDL-c: High-Density Lipoprotein Cholesterol, LDL-c: Low-Density Lipoprotein Cholesterol, CRP: C-Reactive Protein, HbCO:
Carboxyhemoglobin

Table 6: The influence of the age for the populations of smokers and non-smokers
Mean (n=10) Mean (n=30) Mean (n=7) Mean (n=13)
Non-smokers smokers non-smokers smokers Percentage pathological
(<30 years) (<30 years) p (t-test) (>30 years) (>30 years) levels in smokers

CT (g LG1) 1.27±0.23 1.29±0.20 0.39 1.49±0.12 1.75±0.23 Moderate risk: 7.69%
TG (g LG1) 0.66±0.21 0.67±0.15 0.41 0.88±0.19 1.20±0.19 Moderate risk: 7.69%
HDL-c (g LG1) 0.45±0.06 0.41±0.05 0.03 0.47±0.09 0.33±0.02 High risk: 92.31%
LDL-c (g LG1) 0.59±0.18 0.79±0.15 0.004 0.69±0.19 1.17±0.20 Moderate risk: 38.46%
CRP (mg LG1) 0.53±0.28 1.08±0.96 0.003 0.47±0.21 1.44±1.14 0%
CT/HDL-c 2.86±0.55 3.29±0.91 0.04 3.26±0.67 5.39±0.92 100%
LDL-c/HDL-c 1.34±0.43 2.02±0.62 0.0004 1.50±0.56 3.62±0.76 76.92%
HbCO (%) 2±0 5.53±2.57 1.35×10G8 2±0 5.80±1.94 100%
CT: Total Cholesterol, TG: Triglycerides, HDL-c: High-Density Lipoprotein Cholesterol, LDL-c: Low-Density Lipoprotein Cholesterol, CRP: C-Reactive Protein, HbCO:
Carboxyhemoglobin
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Table 7: The influence of the BMI in the populations of smokers and non-smokers
Mean non-smokers (n=9) Mean smokers (n=26) Mean non-smokers (n=8) Mean smokers (n=17)
BMI <23 kg mG2 BMI <23 kg mG2 p (t-test) BMI >23 kg mG2 BMI >23 kg mG2 p (t-test)

CT (g LG1) 1.36±0.24 1.41±0.31 0.32 1.36±0.21 1.46±0.29 0.16
TG (g LG1) 0.75±0.18 0.80±0.31 0.27 0.75±0.28 0.88±0.29 0.14
HDL-c (g LG1) 0.47±0.08 0.39±0.06 0.006 0.44±0.07 0.37±0.06 0.01
LDL-c (g LG1) 0.55±0.22 0.89±0.25 0.0005 0.73±0.08 0.93±0.23 0.002
CRP (mg LG1) 0.55±0.29 0.81±0.54 0.04 0.45±0.20 1.78±1.28 0.0002
CT/HDL-c 2.93±0.57 3.82±1.36 0.005 3.14±0.69 4.07±1.29 0.01
LDL-c/HDL-c 1.15±0.41 2.43±1.02 4.26×10G6 1.69±0.39 2.06±0.97 0.001
HbCO (%) 2±0 5.64±2.54 1.81×10G6 2±0 5.57±2.18 2.34×10G6

CT: Total Cholesterol, TG: Triglycerides, HDL-c: High-Density Lipoprotein Cholesterol, LDL-c: Low-Density Lipoprotein Cholesterol, CRP: C-Reactive Protein, HbCO:
Carboxyhemoglobin

Study of biological parameters according to BMI: For the
population of smokers, the statistical study showed that the
difference was significant between those with BMI above and
below 23 kg mG2 for CRP and was not significant for CT, TG,
HDL-c, LDL-c, CT/HDL-c and LDL-c/HDL-c and HbCO. A similar
study by Shamai et al.17 found similarity for LDL-c result and
discordance for HDL-c and TG results, furthermore, another
study by Raju et al.18 found no significant difference in CT, TG
and HDL-c, which is in agreement with the obtained results. 
CRP levels were significantly higher in the smoker population
above 23 kg mG2 compared to those below 23 kg mG2 and a
low positive linear correlation was found between BMI and
CRP (r = 0.479). Several studies concluded that CRP is strongly
associated with BMI19,20. From the obtained results, it may be
said that the atherogenic risk in smokers is not influenced by
BMI.
Comparing groups of smokers and non-smokers with BMI less
than 23 kg mG2, found a significant statistical difference for
HDL-c, LDL-c, CRP, HbCO, CT/HDL-c and LDL-c/. The HDL-c and
was not significant for CT and TG. Moreover, in smokers and
non-smokers above 23 kg mG2, the statistical study showed
that the difference was significant for HDL-c, LDL-c, CRP,
HbCO, CT/HDL-c and LDL-c/HDL-c ratios and was not
significant for CT and TG. It may be concluded that the
atherogenic risk is increased among smokers compared to
non-smokers having similar BMI (Table7).

Study of biological parameters according to family history
of dyslipidemia: In the smoking population, statistical study
showed that the difference was significant for CT, TG, LDL-c,
CT/HDL-c and LDL-c/HDL-c ratios (p=0.01) and was not
significant for HDL-c and CRP levels (0.08 and 0.85,
respectively) between smokers with and without family
history of dyslipidemia, in fact, the group of smokers without
family history of dyslipidemia shows higher levels of the
abovementioned significant parameters. The obtained results
can be explained by the clear difference between the two

groups of smokers with and without family history according
to: 

C Age: Without family history of dyslipidemia (32.58±3.8
years); with family history of dyslipidemia (25.52±3.7
years)

C The duration of smoking: Without family history of
dyslipidemia (21.92±10.5 years); with without family
history of dyslipidemia (16.53±10.57 years)

C The frequency of smoking: Without family history of
dyslipidemia (14.80±3.55 cig dayG1); with family history
of dyslipidemia (8.1±3.6 cig dayG1)

In smokers and non-smokers with no family history of
dyslipidemia, the statistical comparison showed that the
difference was significant for CT, TG, HDL-c, LDL-c, CRP and
CT/HDL-c and LDL-c/HDL ratios (p=0.01, 0.02, 0.001, 0.00008,
0.0002, 0.0006 and 0.00001, respectively), indeed,  CT,  TG,
LDL-c, CRP, CT/HDL-c, LDL-c/HDL-c levels are significantly
higher and HDL-c was significantly lower in the smokers
without family  history  of  dyslipidemia  comparing  to the
non-smoking population with no family history of
dyslipidemia.
On the other hand, in smokers and non-smokers with a family
history of dyslipidemia, LDL-c, CRP, CT/HDL-c and LDL-c/HDL-c
levels are significantly higher and the HDL-c level was
significantly lower in the population of smokers with family
history of dyslipidemia (with 29.41% at a high risk),comparing
to the non-smoking population with a family history.

Study of biological parameters according to physical
activity: Within smokers, the statistical study showed that the
difference was not significant for CT, TG, HDL-c, LDL-c, CRP
and CT/HDL-c and LDL-c/HDL-c and HbCO (p=0.31, 0.38, 0.08,
0.31, 0.31, 0.24,  0.26,  0.09)  between  active  smokers  and
non-active smokers, a similar study21 corroborate the obtained
results in this study, the reduced size of the sample may be an
explanation.
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Comparison of non-active smokers and non-smokers, the
statistical  study  showed  that the difference was significant
for HDL-c, LDL-c, CRP, HbCO and CT/HDL-c and LDL-c/HDL-c
(p=0.0005, 0.0001, 0.004, 0.002, 6.35×10G6, 3.93×10G8),
whereas, it was not significant for CT and TG (0.25, 0.23), the
levels of LDL-c, CRP, HbCO, CT/HDL-c and LDL-c/HDL-c are
significantly higher and the HDL-c level was significantly lower
for the population of sedentary smokers. 
Within the active population, the comparison of smokers and
non-smokers group showed that the parameters: LDL-c, CRP,
HbCO, CT/HDL-c and LDL-c/HDL-c levels are significantly
higher in the active smoker’s population.

CONCLUSION 
The clinical manifestations of atherosclerosis are one of the
common important public health problems due to its
prevalence. Atherosclerosis is a multifactorial disease that
becomes symptomatic only after several years of insidious
evolution. Smoking, among the most important risk factor of
the disease, due to its effects on the lipid profile and
inflammatory markers. The present study consists in
determining  the  levels  of  CT, TG, HDL-c, LDL-c, CRP and
HbCO  and  calculating the ratios CT/HDL-c and LDL-c/HDL-c
in the studied populations. Atherogenic indices (CT/HDL-c,
LDL-c/HDL-c and CRP) are compared between populations of
smokers and non-smokers in the city of Batna (Algeria) and
have established a relationship between tobacco smoking and
atherosclerosis. It can be concluded that smoking increases
the risk of the development of atherosclerosis.
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