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Abstract  

Introduction: there are indications that oxidized low density lipoprotein cholesterol (Ox-LDLC) may play an important role in cardiovascular 

disease (CVD) events. In most developing countries, the interplay between the different lipid fractions and cigarette smoking has not been studied. 

This study assessed the effect of cigarette smoking on the alterations in plasma lipid fractions and their associations with the gonadal hormone, 

testosterone (T). Methods: one hundred and sixty male participants, consisting of eighty smokers and eighty apparently healthy non-smokers 

were recruited. Anthropometric indices and biochemical parameters were determined using standard procedures. Results: significant increases 

were obtained in plasma total cholesterol (TC), triglyceride (TG), oxidized low density lipoprotein (Ox-LDLC) and Ox-LDLC/TT ratio (p<0.001) in 

smokers compared with the non-smokers. Plasma high density cholesterol (HDLC) (p<0.001) was significantly reduced in smokers compared with 

the non-smokers. The plasma mean T result was not significantly different from the non-smokers, but inversely correlated with Ox-LDLC and 

significantly correlated with the lipids and lipoproteins. Significantly high plasma TC, TG and LDLC (p<0.001) and low HDLC (p<0.001) were also 

obtained in smokers when co-founding factors such as duration and number of cigarette smoked per day were applied. Conclusion: This study 

showed an inverse correlation between Ox-LDLC and testosterone as well as strong association between the number of tobacco and cigarettes 

usage per day. These changes in part, could be major causes of premature CVD and decreased fertility in young adults. 
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Introduction 
 
The health consequences of smoking cigarettes and other tobacco 
related products are well known. They are important major health 
hazard in the development of atherosclerosis and cardiovascular 
disease (CVD) [1]. The connections between cigarette smoking and 
CVD have been addressed by several investigators [2-4]. In the 
INTERHEART study, Frick et al [5] indicated an overall population 
attributable risk of about 38% between smoking and myocardial 
infarction. Tobacco smoke in general contains numerous compounds 
majorly among which are nicotine, carbon monoxide and various 
carcinogens [3]. These compounds do have effects on the metabolic 
and biological processes of the body including the modification of 
lipoproteins, especially the LDLC [6], the oxidized form of which has 
been shown to accumulate excessively in arterial walls, leading to 
increased peroxidation both in vitro and in vivo [7]. Recent 
experimental and clinical data also suggest that exposure to 
cigarette and other tobacco related smoke increases oxidative 
stress, thereby compounding the potential mechanism(s) for 
initiating cardiovascular dysfunction through the activities of nicotine 
in cigarettes which enhances fat oxidation [8]. Experimental and 
clinical data [9] indicates that nicotine in cigarette smoke changes 
lipoproteins, particularly LDLC into the oxidized form(ox-LDLC) thus 
quickening its uptake by macrophages, thereby leading to the 
progression of atherosclerosis [3].There is also a growing interest 
following several studies on the link between cigarette smoking and 
low testosterone levels in men in relation to the development of 
coronary heart disease[10,11]. Overall, males have been shown to 
have a higher risk of CVD in comparison to premenopausal women, 
with the incidence in women increasing after menopause and a 
concomitant decrease in the gender difference in mortality and 
morbidity [12, 13]. In a developing country like Nigeria, where there 
is not much enlightenment on the implications and adverse effects 
of smoking cigarette and other tobacco related products are not 
known, a sizeable number of the male population are involved in 
this habit. The aim of this study therefore, was to ascertain the 
relationship between smoking, the different fractions of lipids and 
gonadal hormone. The results we believe will highlight the 
relationship between these parameters in our targeted subjects.  
  
  

Methods 
 
One hundred and sixty apparently healthy male participants 
consisting of eighty smokers (44.4±1.7 years) and eighty non-
smokers (35.1±1.0 years) were recruited for this study. The 
smokers were recruited from motor parks and military barracks; 
areas where the habit is a common occurrence. The smokers 
consumed at least 4 sticks of cigarette daily. Demographic data such 
as lifestyle pattern, smoking habit, alcohol use, socioeconomic 
status and medical history were obtained from each participant 
based on questionnaire adapted from the work of Ebesunun et al, 
[14]. The controls were men who had never been involved in 
cigarette smoking at any stage of their life. Informed consent was 
also obtained from participants before commencement of study.  
  
Anthropometric measurements  
  
The weight of each participant in kilogram was taken using a Seca 
adult weighing scale. The height in centimeter was taken using a 
fixed meter rule without foot wear. The body mass index (BMI) in 
kg/m2 of each subject was calculated using weight/height2  
  
Sample collection  

  
Blood samples were collected from all subjects after an overnight 
fast (10-12 hours) into EDTA bottles. The blood samples were 
immediately placed on ice bag and plasma was separated within 
short time of collection. The plasma samples were thereafter stored 
in at -20° C until analyzed for biochemical parameters.  
  
Biochemical analysis  
  
Total cholesterol was determined using the method of Alain et al, 
[15] while the triglyceride was estimated by the enzymatic method 
of David and Buccolo [16]. LDLC and VLDLC were precipitated out 
by the addition of phosphotungstic acid in the presence of 
magnesium ions. After centrifugation, the cholesterol concentration 
in the supernatant representing the HDLC fraction was determined 
with the method used for total cholesterol estimation. The LDLC was 
calculated using the formula of Friedwald et al, [17]. Ox-LDLC was 
analyzed using an Enzyme Immunoaborbent Assay (EIA) method 
based on the principle of competitive binding between Ox-LDLC in 
the test sample and oxidized LDL-HRP conjugate for a constant 
amount of rabbit anti-oxidized LDLC. Testosterone analysis was 
based on the principle of competitive binding between T in the test 
sample and testosterone-HRP conjugate for a constant amount of 
rabbit anti-testosterone. Accuracy and precision of biochemical tests 
were monitored by the inclusion of commercial quality control 
samples with each batch of assay.  
  
Statistical analysis  
  
All results were subjected to statistical analysis using SPSS version 
14 software (SPSS Inc. Chicago, Illinois) for windows. Student t-test 
was used for comparison of variables. Post Hoc analysis was also 
carried out. Pearson correlation coefficient was used to assess the 
relationship between variables. The results were expressed in mean 
± S.E and the level of significance was accepted at p < 0.05.  
  
  

Results 
 
Results are presented in tables 1-3 below: Table 1 shows 
biophysical and biochemical parameters in smokers and non-
smokers. Smokers were older than non-smokers (p 
  
Table 2 shows the biophysical and biochemical parameters in 
smokers based on the duration (years) of cigarettes smoked. These 
were made up of two groups; group 1 consisted of smokers that 
have been smoking between 5 to 13 years, while group 2 consisted 
of those that have smoked between 14 to 22 years. Smokers in 
group 1 were young than smokers in group2 (p0.001) were not 
significantly different in the two groups. Comparison of parameters 
between military men and motor park vendors did not show any 
significant changes between the groups.  
  
Table 3 shows Pearson correlation (r) coefficient, this indicated that 
plasma TC was significantly correlated with HDLC (r=0.958,p<0.01), 
LDLC(r=0.989, p<0.01) ox-LDLC(r=0.974.p<0/01) and 
TT(r=0.632,p<0.05).HDLC was inversely correlated with LDLC(r= -
0.975,p<0.01) and Ox-LDLC(r= 0.941,P<0.01).Ox-LDLC was 
inversely correlated with TT (r=-0.649, p<0.05). 
Figure 1 shows a graph of Ox-LDLC in smokers and non-smokers. 
The smokers showed significantly higher value of plasma Ox-LDLC. 
Figure 2 shows a graph of testosterone in smokers and non-
smokers. The smoker had a lower mean plasma testosterone.  
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Discussion 
 
A significant and clinically relevant finding in this study was that the 
plasma level of Ox-LDLC was significantly increased in smokers and 
the level of significance was associated with increasing number of 
cigarettes and tobacco usage per day. Furthermore, this study 
showed a low level of mean total testosterone in smokers although 
this increase was not statistically significant, but was inversely 
correlated with Ox-LDLC. Thus suggesting that as the Ox-LDLC 
increases plasma T decreases. The possible reason for this is that 
after receptor -mediated endocytosis of LDLC, cholesterol removed 
from LDL is used for diverse metabolic processes required for 
healthy functioning cells including the synthesis of testosterone. 
However, modified/oxidized LDL is not recognised by the receptor 
and instead is taken up by scavenger receptor macrophages. The 
uptake of Ox-LDLC does not lead to its degradation. Instead it 
accumulates in the macrophages as cholesteryl esters, therefore 
foam cells and these amass in the sub-endothelial space, 
contributing to atherosclerotic plaques [18]. We could not 
demonstrate whether the low mean plasma testosterone proceeds 
or were a direct effect of smoking. More pronounced responses 
regarding hormones are found in most cases with heavy smokers. 
Since most of the subjects are light smokers, this could be the 
cause of the variance found between this study and those of others 
[19-21].  
  
An epidemiology study in the North Eastern Nigeria [22] indicated 
that smoking is common among the low income earners. This was 
also revealed from the questionnaire on socioeconomic status used 
in this study. The reason for this is not known, but we speculate 
that since the majority of our subjects are motor park 
vendors/military men who had little or no education, and therefore 
do not have any idea on the pathophysiology of smoking. The 
possible mechanism linking low testosterone and elevated Ox-LDLC 
in smokers is plausible. Smoking is known to be a modifier of the 
male reproductive hormones, T [23,24]. Its association with 
impaired lipid profile could be a major factor that promotes diseases 
like atherosclerosis and CVD especially in heavy smokers. Ox-LDLC 
is increasingly formed in smokers possibly, as a result of the 
reaction between the lipid fractions in LDL particles and the reactive 
oxygen species generated by the toxicants in cigarette and tobacco 
smoke [9, 25]. Cigarette and tobacco smoke are established source 
of free radicals generation [2] which increases oxidative stress and 
other associated complications like endothelium damage and lipid 
oxidation. A high level of Ox-LDLC in the body therefore, is 
deleterious. According to previous studies [26,27], Ox-LDLC is also a 
major risk factor associated with atherosclerotic plaque formation. 
Significant and higher levels of plasma total cholesterol, triglyceride, 
and LDLC were obtained in this study. Several suggestions have 
been put forward; among which are that the effect of nicotine in the 
cigarette and tobacco smoke causes lipolysis through stimulation of 
catecholamine, and therefore increasing cholesterol, TG, free fatty 
acids and LDLC [20, 2]. Changes in lipid profile in smokers and the 
risk of increased tobacco related diseases have also been indicated 
to be dose dependent [28] and may as well be related to the 
duration of the habit. The role of dietary differences between 
smokers and non-smokers as well as free radical-mediated oxidative 
stress as a pivotal step for the development of atherosclerosis could 
also be relevant.  
  
This study also demonstrated that smokers have significantly lower 
levels of plasma HDLC than the controls subjects. The reason for 
this low level is not clear; it may possibly be a pointer to a 

significant cardiovascular risk. Available evidence indicates that for 
every milligram decrease in plasma HDLC due to cigarette smoking 
or any other factors, there is a 2.5% chance of increased premature 
CVD development [29].  
  
  

Conclusion 
 
The evidence from this study suggests a strong relationship 
between increased plasma Ox-LDLC and number of 
tobacco/cigarettes usage per day. The inverse correlation between 
testosterone and Ox-LDLC obtained in this study indicates that 
increases in Ox-LDLC can lead to reduce plasma testosterone in 
smokers. These changes in part, could lead to decreased fertility 
and premature CVD events in young adults.  
  
  

Competing interests 
 
Authors declared no competing interests.  
  
  

Authors’ contributions 
 
MO was involved in the conception, design, supervision of sample 
collection, acquisition of data and drafted the manuscript for 
publication. 0LB was involved in the collection, analysis and 
acquisition of data as well as writing up of the manuscript for 
academic purpose. LO was involved in the original concept of the 
study and drafting of the manuscript for publication. All authors 
read and approved the final version of the manuscript.  
  
  

Acknowledgments 
 
We wish to acknowledge Margaret Solomon who was kind enough 
to assist in the purchase of the oxidized LDLC kit. Mrs Doreen Okeke 
for the excellent technical assistance. We are also grateful to all the 
volunteers who willingly participated in this study  
  
  

Tables  
 
Table 1: biophysical and biochemical parameters of smokers and 
non-smokers (Mean + S.E.M)  
Table 2: biophysical and biochemical parameters of smokers based 
on the duration (in years) of cigarette smoked. (Mean + S.E.M)  
Table 3: Pearson correlation coefficeint of biochemical parameters 
in smokers  
Figure 1: oxidised-low density lipoprotein cholesterol in smokers 
and non smokers  
Figure 2: total testosterone in smokers and non smokers  
  
  

References 
 
1. WHO. Why is tobacco a public health priority? Tobacco free 

Initiative. Retrieved 2010. 
http://www.who.int/tobacco/about/en/index.html. Accessed on 
September 23. Google Scholar  

 
 
 



Page number not for citation purposes 4 

 
2. Price F, Mowbray PI, Lee AJ, Rumley R, Lowe GD, Fowkes FG. 

Relationship between smoking and cardiovascular risk factors 
in the development of peripheral arterial disease and coronary 
artery disease: Edinburgh Artery study. European Heart 
Journal.1999; 20(5): 344-353. PubMed | Google Scholar  

 
3. Ebesunun MO, Adetunji RA, Umahion KO. Plasma vitamin C; 

Bétacarotene, lipids and lipoproteins in young adult smokers 
and smokers. British Journal of Pharmacology and 
Toxicolology. 2011; 2(2): 71-74. PubMed | Google Scholar  

 
4. Teo KK, Ounpuu S, Hawken S, Pandey MR. Tobacco use and 

risk of myocardial infarction in 52 countries in the INTERHEART 
study: a case-control study. Lancet. 19 august 2006; 368 
(9536):647-58. PubMed | Google Scholar  

 
5. Frick, EB, Bittar RE, Carvalho MH, Zugaib M. Impact of plasma 

oxidized low- density ipoprotein removal on atherosclerosis. 
Circulation. 2008; 118(1):75-6 83. PubMed | Google Scholar  

 
6. Black HR, Laragh BG, Brenner BM. Smoking and cardiovascular 

disease; Hypertension: Pathophysiology, Diagnosis and 
Management. 2nd edition. New York, NY: Raven Press Ltd; 
1995;2621-2647. PubMed | Google Scholar  

 
7. Tang J, Morris JK, Wald NJ, Hole D, Shipley M, Tunstall Pedoe 

H. Mortality in relation to tar yield of cigarettes: aprospective 
study of four cohorts. BMJ. 1995;311(7019): 1530-1533. 
PubMed | Google Scholar  

 
8. Department of Health and Human Services. The Health 

consequences of smoking and nicotine addiction: A report of 
the Surgeon General. DHHS. 1998; Pub no:(CDC) 88-8406. 
Google Scholar  

 
9. Andersson, K, Arner P. Systemic nicotine stimulates human 

adiposetissuelipolysis through local cholinergic and 
catecholaminergic receptors. International Journal of Obesity 
Related Metabolic Disorder. 2000; 25(8):1225-32. PubMed | 
Google Scholar  

 
10. John A, Ambrose, Rajat S, Barua. The pathophysiology of 

cigarette smoking and cardiovascular disease. Journal of 
American College of Cardiology. 2004; 43(10):1731. PubMed | 
Google Scholar  

 
11. Brovarri JP, Lauwerys RS, Roels HE. Association between 

testosterone level sand smoking in men. JAMA. 1999; 
336(10):699-702. PubMed | Google Scholar  

 
12. Juul EM, Carlson SG, KerniceMJ. Associations between low total 

testosterone levels and oxidized-LDLC. Advances in Nephrology 
Necker Hospital. 2008; 19(2):9-38. PubMed | Google 
Scholar  

 
13. Hamaya BH, Coustegi FT. Mehanisms of lipid peroxidation ; a 

textbook of Cell Metabolism. 2000; 5th ed. Argy II publishing , 
U.K. : 2207-33. Google Scholar  

 
14. Ebesunun MO, Agbedana EO, Taylor GOL, Oladapo OO. Plasma 

lipids lipoprotein (a),homocysteine and other cardiovascular 
disease risk factors in Nigerians with CVD. App Physiol Nutri 
Metab. 2008; 33(2):282-289. PubMed | Google Scholar  

 

15. Allain CC, Poon LS, Chan CSG, Richmond W, Fu PC. Enzymatic 
determination of total serum cholesterol. Clinical Chemistry. 
1974; 20(4): 470-3. PubMed | Google Scholar  

 
16. Buccolo G, David H. Quantitative determination of serum 

triglycerides by the use of enzymes. Clinical Chemistry. 1973; 
19(5): 476-82. PubMed | Google Scholar  

 
17. Friedwald WT, Levy IR, Fredrickson DS. A method for 

estimating LDL-C without centrifugation. Clinical Chemistry. 
1972;18(3):499 - 502. PubMed | Google Scholar  

 
18. Asem N, Asem BB. The Many Faces of Cholesterol: How 

Modifications in LDL and HDL Alter Their Potential to Promote 
or Prevent Atherosclerosis. The UCLA USJ. 2009; 22: 11-17. 
PubMed | Google Scholar  

 
19. Barud W, Palusinski R, Beltowski J, Wójcicka G. Inverse 

relationship between total testosterone and anti-oxidized low 
density lipoprotein antibody levels in ageing males. 
Atherosclerosis. 2002; 164:(2)283-288. PubMed | Google 
Scholar  

 
20. BriggsMS, Goldstem JC. A regular pathway for testosterone. 

International Journal of Obesity Related Metabolic Disorders. 
2003; 25(8):1225-32. PubMed | Google Scholar  

 
21. Willet S, Beckley. Association between smoking and 

testosterone levelsin men. American Journal Obstectic and 
Gynecology. 1994; 117(5): 1047-1051. PubMed | Google 
Scholar  

 
22. Ayankogbe OO, Inem OA, Bamgbola OA. Attitudes and 

determinant of cigarette smoking among rural dwellers in 
South West Nigeria. Nigeria Medical Practitioner. 2003; 44(1): 
70-74. PubMed | Google Scholar  

 
23. Shoji T, Nishizawa Y, Fukumoto M, Shimamura K, Kimura J. 

Inverse relationship between circulating oxidized low density 
lipoprotein (ox-LDL) and anti-oxLDL antibody levels in healthy 
subjects. Atherosclerosis. 2000;148 (I): 171-177. PubMed | 
Google Scholar  

 
24. Briggs MS, Goldstem JC. A regular pathway for testosterone. 

International Journal of Obesity Related Metabolic Disorders. 
2003;25(8): 1225-32. PubMed | Google Scholar  

 
25. Odey FA, Okokon IB, Ogeeche JO, JT, Ekanem EE. Prevalence 

of cigarette smoking among adolescents in Calabar city, south-
eastern Nigeria. Journal of Medicine and Medical Sciences. 
2012; 3(4):237-242. PubMed | Google Scholar  

 
26. Kapoor D, Jone TH. Smoking and hormones in health and 

endocrine disorders. European Journal of Endocrinology. 2005; 
152(4):491-499. PubMed | Google Scholar  

 
27. Venturi S, Donati FM, Gareeboo H, Roussety F . Ethnic 

differences inischamic heart disease and stroke mortality in 
Mauritius between 1989 and 1994. Ethn Health. 1998;3 (1-
2):45-54. PubMed | Google Scholar  

 
28. Craig WY, Palomaki GE, Haddow JE. Cigarette smoking and 

serum lipid and lipoprotein concentrations: an analysis of 
published data. British Medical Journal. 1989; 298(1):784-788. 
PubMed | Google Scholar  

 
 



Page number not for citation purposes 5 

 
 
 
 
 
 
 

 
29. Goldbourt U, Yaani SM, Mansley J H. Isolated low HDL 

cholesterol as a risk factor for coronary heart disease mortality: 
a 21 year follows up of 8000 men. Atherosclerosis Thromb 
Vascular Biology.1997; 17(1):107-13. PubMed | Google 
Scholar  

 
  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Table 1: biophysical and biochemical parameters of smokers and non-smokers(Mean+ S.E.M) 
Variables Smokers n=80 Non-smokers n=80 t-value p-value 
BMI (kg/m2)        21.3±3.6 22.4±2.8 .86 NS 
TC(mg/dl) 211.7±1.3 174.4±2.6 -12.7 p<0.001 
TG (mg/d) 129.9±1.2 115.2±2.4 -5.6 p<0.001 
HDLC(mg/dl) 40.2±0.8 47.1±0.7 6.8 p<0.001 
LDLC(mg/dl) 143.7±1.8 102.6±2.8 -12.3 p<0.001 
Ox-LDL (ng/dl)    65.4±0.7 44.4±0.4 -19.8 p<0.001 
TT (ng/dl)           4.7±0.1            . 4.9±0.1 .73 NS 
LDLC/Ox-LDLC 13.9±0.1 9.1±0.1 .106 NS 
Ox-LDLC/TT 13.9±0.1 9.1±0.1 27.1 p<0.001 
Age (years)             44.4±1.7 35.1±1.0 -11.2 p<0.001 
BMI=Body Mass Index. TC=Total Cholesterol. TG=Triglyceride.  
TT =TotalTestosterone   HDLC=High Density Lipoprotein Cholesterol.  
LDLC= Low DensityLipoprotein Cholesterol.        Ox-LDLC=Oxidized LDLC.   
p= Level of significance.  NS= not significant.     

Table 2: biophysical and biochemical parameters of smokers based on the duration (in years) of cigarette smoked.  (Mean 
+ S.E.M) 

Variables 
GP1=5-
13years(n=35) 
  

GP2=14-22 years 
(n=45) 

t- value p-value 

BMI (kg/m2)        22.3±3.6 21.7±2.8 10.2 NS 
TC (mg/dl)           206.4±1.5 214.3±2.6 -9.7 p<0.001 
TG (mg/dl)         126.1±1.2 132.8±2.4 -8.6 p<0.001 
HDLC (mg/dl)         39.8±0.8 36.4±0.7 11.8 p<0.001 
LDLC (mg/dl)         132.7±1.8 157.2±2.8 -18.3 p<0.001 
Ox-LDLC(ng/dl)     55.6±0.7 67.4±0.4 -19.8 p<0.001 
TT (ng/dl)         4.5±0.1 4.7±0.1 5.3 NS 
LDLC/Ox-LDLC  2.4±0.1 2.3±0.1 9.6 NS 
Ox-LDLC/TT 12.9±0.1 14.3±0.1 -24.1 p<0.001 
Age (years)       32.8±1.7 39.1±1.0 -16.8 p<0.001 
BMI=Body Mass Index. TC=Total Cholesterol. TG=Triglyceride.  
TT =TotalTestosterone   HDLC=High Density Lipoprotein Cholesterol.  
LDLC= Low DensityLipoprotein Cholesterol.   Ox-LDLC=Oxidized LDLC.   
GP= group.p = Level of significance.  NS= not significant.     
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Figure 1: oxidised-low density lipoprotein cholesterol in smokers and non smokers  
 
 
 
 
 
 
 
 
 

Table 3: Pearson correlation coefficeint of  biochemical  parameters in smokers 

Variables TC (mg/dl) HDLC (mg/dl) LDLC(mg/dl) Ox-LDLC(ng/dl) TT (ng/dl) 

TC (mg/dl)   .958** .989** .974** .632* 

HDLC (mg/dl)         958**   -.975** .955** .577* 

LDLC (mg/dl)           .989** -.957**   .981** .615* 

Ox-LDLC (ng/dl)       .974 .955** .981**   -.649* 

TT (ng/dl)                 .632* .577* .615* -.649*   

Pearson Correlation coefficient significant at **p<0.01 
 * P<0.05 
TT =TotalTestosterone   HDLC=High Density Lipoprotein Cholesterol.  
LDLC= Low DensityLipoprotein Cholesterol.     Ox-LDLC=Oxidized LDLC 
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Figure 2: total testosterone in smokers and non smokers 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


