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Abstract: To estimate the levels of folic acid and vitamin B12 and their relationship in 

cigarette smoker with hyperhomocysteinemia. 30 male cigarette smokers in the age group of 

30 to 60 years were studied for estimation of serum folic acid, vitamin B12 and total 

homocysteine (tHcy) over a period of 6 months. These tests were determined by means of 

Immulite 1000 analyzer. The statistical analysis of smoker group compared with normal 

control group, showed significant (p<0.001) decreases in serum folic acid, vitamin B12 levels 

whereas increased concentration of total homocysteine in all 30 smoker subject indicate 

hyperhomocysteinemia. A positive and significant correlation was observed between folic 

acid and vitamin B12 in smoker. The present study found a significant association between 

serum folic acid, vitamin B12 levels and their deficiency in smoker with 

hyperhomocysteinemia indicate cardiovascular risk in cigarette smoker with 

hyperhomocysteinemia. 
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Introduction 

In the Western world, smoking is strongly associated with cardiac complications and 

is the biggest single avoidable health style contributing to chronic health problems. 

[1]. Up to 50% of avoidable deaths in the industrialized world have been attributed to 

smoking, half of which are cardiovascular [2-3]. Hypercholesterolemia and smoking 

have been recognized as major risk factors for cardiovascular diseases. A new class 

of emerging risk factor for cardiovascular diseases is increased homocysteine levels 

in serum. Homocysteine is a sulphur containing amino acid that results as an 

intermediary product of the methionine metabolic pathway. Life style and genetic 

defects such as folic acid and vitamin B12 deficiencies can play a role in increase   

hyperhomocysteinemia [4].  

 

Hyperhomocysteinemia is a new cardiovascular risk factor that could be modified by 

reducing homocysteine intake or by supplementing the diet with vitamin B12 [5]. 

Cigarette smoking is known to be associated with a raised homocysteine levels [6-9]. 

Smokers also tend to have lower levels of the folic acid and vitamin B12 [7-8,10], all 

of which affect homocysteine levels by acting as co-enzyme i.e. vitamins B12 or co-

substrate i.e. folic acid for the enzymes controlling homocysteine metabolism[11-14].  

We studied the concentrations of serum folic acid, vitamin B12 and tHcy 

concentrations in cigarette smoker. 
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Materials and Methods 

A total of 30 male cigarette smoker of moderate socio-economic status from region 

of Mumbai were selected for this study. Thirty non-smokers was someone who had 

never smoked or who had not smoked for more than 10 years, normal renal and liver 

functions and belonging to the same socio-economic background were also included 

as a control group. The age of both smoker and non-smoker volunteers was between 

30 to 60 years and had never use of medications such as therapy involving S-

adenosyl methionine, carbamazepine, phenytoin, 6-azauridine, anthopterin, 

antifolates, anticonvulsant agents, tamoxifen, and theophylline. Subjects with 

diabetes mellitus, cancer, anemia, and systemic illness were excluded from this 

study.  

 

Blood sample collection: Venous blood samples were collected in test tube with 

aseptic precautions. After 2 hours of collections sample was centrifuged at 3000 rpm 

for 5 minutes. Serum was separated and collected in polythene tube with cork. The 

sera with no sign of hemolysis used for the analysis of folic acid, vitamin B12 and 

total circulating homocysteine (tHcy). 

 
Biochemical Analysis: Serum folic acid estimated by the method of boil, competitive, 

liquid-phase, ligand-labeled, protein binding chemiluminescent assay with in situ 

immobilization, and with an anti-ligand detection system. The solid phase, a 

polystyrene bead enclosed within an Immulite test unit, is coated with murine 

monoclonal antibody specific for folic acid binding protein [15]. Serum vitamin B12 

concentration was evaluated by solid phase, competitive chemiluminescent assay 

method [16]. Serum tHcy concentration was measured by competitive 

chemiluminescent enzyme immunoassay method [17]. We used fully automated 

enzyme amplified chemiluminescent immunoassay based Immulite 1000 analyzer. 

Measurement of these blood parameters by using commercial kits from Siemens 

Medical Solutions Diagnostics, Los Angeles, CA, USA.  

 
Statistical Analysis: Numerical variables were reported in terms of mean and 

standard deviation. Statistical analysis of results was done by normal ‘z’ test. In this 

analysis, variables showing p value less than 0.05 and 0.001 were considered to be 

statistically significant and highly significant respectively.  Pearson correlation test 

was used to test. 

 
 

Results 

Table-1 showed significant change in serum profile when control group was 

compared with smoker group. As can be seen, significant decreases (p< 0.001) were 

observed in serum folic acid and vitamin B12 whereas, tHcy levels showed 

significant increase  (p < 0.001) in cigarette smoker as compared to control group.  
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Table 1: Serum folic acid, vitamin B12 and total homocysteine in controls and 

cigarette smoker. 

 

Discussion 

Smoking is known to be positively related  with an increased homocysteine 

concentration in serum. Both are associated with an increased risk of cardiovascular 

disease. The tHcy level more than 15 µmol/L termed as hyperhomocysteinemia [18]. 

In our study group, hyperhomocysteinemia observed in all smoker subjects.  
 

In the present study, indicate reduced levels of folic acid and vitamin B12 in 

smokers, adjustment for nutrient levels had an insignificant effect on risk estimates, 

highlighting the robustness of smoking as a cardiovascular risk factor. Smoking may 

produce vitamin deficiency in individual tissues; reduced red cell and buccal mucosal 

B12 and folic acid levels in smokers observed, with evidence of cell damage in these 

tissues reported by Piyathilake et al [19] and [20]. Such an effect contributing to 

overall increased risk of cardiovascular diseases in smokers would not be reduced by 

adjustment for plasma nutrients and must be considered.  
 

 

Hyperhomocysteinemia observed in all 30 smoker subjects in our study. Various 

authors have been performed to demonstrate association between homocysteine 

levels and cardiovascular diseases [21-22]. Many of them have found a significant 

association [23-24] but others have failed to show this association [25-26]. 

Differences in the characteristics of the study population such as nutritional habits,  

Sr. 

No. 
Biochemical Parameters 

Control 

(n=30) 

Smoker 

(n=30) 

1. folic acid, (ng/mL) 12.2±2.10 9.29±1.65** 

2. Vitamin B12 (pg/mL) 409±112 238±74.9** 

3. tHcy (µmol/L) 6.88±1.15 28.6±7.95** 

The results were compared between control and smoker group. The values are presented in 

mean ± S.D. **P < 0.001. 

Fig. 1: Correlation between serum folic acid and vitamin B12 in cigarette 

smoker.
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the use of vitamin supplements or ethnic differences could explain the contradictory 

results [27]. 
 

We observed a positive and significant correlation (r=0.9681) between serum folic 

acid and vitamin B12 in smoker cases is as per Fig 1, indicates folic acid level 

deceases with decrease in vitamin B12 level. Nicotine is associated with a lower 

nutritional intake and thus with reduced blood levels of folic acid and vitamin B12 

[28-29]. A good correlation between serum folic acid and vitamin B12 levels in our 

study support this view.  
 

From this study it can be concluded that, smokers with hyperhomocysteinemia are at 

greatly increased risk of cardiovascular disease and atherosclerosis should therefore 

be offered intensive advice to help them cease smoking. This case control study 

suggests that smokers with have reduced levels of folic acid and vitamin B12 with 

hyperhomocysteinemia that modulate homocysteine metabolism.  They also while 

this finding may reflect a direct effect of smoking or reduced B-vitamin intake, 

supplementation of these nutrients may be appropriate in smokers with 

hyperhomocysteinemia. 

 
References 

1. Scott CW, Bernstein SL, Coble YD et al. The Worldwide Smoking Epidemic:  Council 

Reports. JAMA 1990; 24: 3312–3318. 

2. Bartecci CE, Mackenzie TD, Schrier RW. The human costs of tobacco use. N Engl  J 

Med 1994; 330: (pt1) 907–912. 

3. Peto R, Lopez D, Boreham J et al. Mortality from Smoking in Developed Countries 

1950–2000. Oxford: Oxford University Press, 1994. 

4. Garcia G, Trejos J, Restrepo B, Landázuri P. Homocysteine, Folate and Vitamin B12 in 

Colombian Patients with Coronary Disease Arq Bras Cardiol 2007; 89(2) : 71-76 

5. Schnyder G, Roffi M, Flammer Y. Effect of homocysteine – lowering therapy with folic 

- acid, vitamin B(12), and Vitamin B(6) on clinical outcome after percutaneous coronary. 

Intervention: the Swiss Herat study a randomized controlled trial. JAMA 2002; 288: 973-

979. 

6. Reis RP, Azinheira J, Reis HP, Pina JE, Correia JM, Luis AS. Influence of smoking on 

homocysteinemia at baseline and after methionine load. Rev Port Cardiol 2000; 19: 471–

474. 

7. Pagan K, Hou J, Goldenberg RL, Cliver SP, Tamura T. Effect of smoking on serum 

concentrations of total homocysteine and B vitamins in mid-pregnancy. Clin Chim Acta 

2001; 306: 103–109. 

8. McCarty MF. Increased homocysteine associated with smoking, chronic inflammation 

and aging may reflect acute-phase induction of pyridoxal phosphatase activity. Med 

Hypotheses 2000; 55: 289–293. 

9. El-Khairy L, Ueland PM, Nygard O, Refsum H, Vollset SE. Lifestyle and cardiovascular 

disease determinants of total cysteine in plasma: the Hordaland Homocysteine Study. Am 

J Clin Nutr 1999; 70: 1016–1024. 

10. Mansoor MA, Kristensen O, Hervig T et al. Low concentrations of folate in serum and 

erythrocytes of smokers: methionine loading decreases folate concentrations in serum of 

smokers and nonsmokers. Clin Chem 1997; 43: 2192–2194. 

 



Al Ameen J Med Sci; Volume 4, No.2, 2011                                                         Mujawar SA & Patil VW 

© 2011. Al Ameen Charitable Fund Trust, Bangalore 173 

 

 

11. Ubbink JB, Vermaak WJH, van der Merwe A, Becker PJ. Vitamin B12, Vitamin B6 and 

folate nutritional status in men with hyperhomocysteinaemia. Am J Clin Nutr 1993;57: 

47–53. 

12. Ryan M, Robinson K, Clarke R, Refsum HM, Ueland P, Graham I. Vitamin B6 and 

folate homocysteine concentrations in coronary artery disease. Ir J Med Sci 1993; 162: 

197A. 

13. Selhub J, Jacques PF, Wilson PWF, Rush D, Rosenberg IH. Vitamin status and intake as 

primary determinants of homocysteinaemia in an elderly population. JAMA 1993; 270: 

2693–2698. 

14. Robinson K, Meyer EL, Miller DP et al. Hyperhomocysteinemia and low pyrodoxal 

phosphate: Common and independent reversible risk factors for coronary artery disease. 

Circulation 1995; 92: 2825–2830. 

15. McNeely MDD. Folic acid assay. In Kaplan LA, Pesce AJ, (eds). Clinical Chemistry. St. 

Louis: CV Mosby, 1984: 1402-1406. 

16. Allen RH. Clinical role and current status of serum cobalamin (vitamin B12) assays. 

Ligand Quarterly 1981; 4(3): 37-44. 

17. Ueland PM, Refsum H, Stabler SP, et al. Total homocysteine in plasma or serum: 

Methods and clinical applications. Clin Chem 1993;39:1764- 1779. 

18. Ueland PM, Refsum H, Stabler SP, et al. Total homocysteine in plasma or serum: 

Methods and clinical applications. Clin Chem 1993; 39:1764-1779. 

19. Piyathilake CJ, Macaluso M, Hine RJ, Richards EW, Krumdieck CL. Local and systemic 

effects of cigarette smoking on folate and vitamin B-12. Am J Clin Nutr 1994; 60: 559-

566. 

20. Piyathilake CJ, Malcuso M, Hine RJ, Vinter DW, Richards EW, Krumdieck CL. 

Cigarette smoking, intracellular vitamin deficiency, and occurrence of micronuclei in 

epithelial cells of the buccal mucosa. Cancer Epidemiolol Biomarkers Prev 1995; 4: 

751–8. 

21. Gravina-Taddei CF, Batlouni M, Sarteschi C, Baltar VT, Salvarini NAC, Bertolami MC, 

et al. Hyperhomocysteinemia as a risk factor for coronary atherosclerotic diseases in the 

elderly. Arq Bras Cardiol  2005; 85: 166-73. 

22. Boushey CJ, Beresford SA, Ommenn GS, Motulsky AG. A quantitative assessment of 

plasma homocysteine as a risk factor for vascular disease: probable benefits of increasing 

folic acid intakes. JAMA. 1995; 274 (13): 1049-57. 

23. Wald DS, Law M, Morris JK Homocysteine and cardiovascular disease: evidence on 

causality from a meta-analysis. BMJ  2002; 325: 1202. 

24. Robinson K, Mayer EL, Miller DP, Green R, Vanlente F, Gupta A, et al. 

Hyperhomocysteinemia and low pyridoxal phosphate: common and independent 

reversible risk factor for coronary artery disease. Circulation 1995; 92: 2825-30. 

25. Ford ES, Smith SJ, Stroup DF, Steinberg KK, Mueller PW, Thacker SB. Homocyst(e)ine 

and cardiovascular disease: a systematic review of the evidence with special emphasis on 

case-control studies and nested case control studies. Int J Epidemiol 2002; 31: 59-70. 

26. Lewis SJ, Ebrahim S, Smith GD. Meta-analysis of MTHFR 677C→T polymorphism and 

coronary heart disease: does totality of evidence support causal role for homocysteine 

and preventive potential of folate?. BMJ  2005; 331 (7524): 1053. 

27. Hughes K, Ong CJ. Homocysteine, folate, vitamin B12, and cardiovascular risk in 

Indians, Malays, and Chinese in Singapore. J Epidemiol Community Health 2000; 54: 

31-34. 

 

 



Al Ameen J Med Sci; Volume 4, No.2, 2011                                                         Mujawar SA & Patil VW 

© 2011. Al Ameen Charitable Fund Trust, Bangalore 174 

 

 

28. Piyathilake CJ, Macaluso M, Hine RJ, et al: Local and systemic effects of cigarette 

smoking on folate and vitamin B12. Am J Clin Nutr 1994; 60: 559-566. 

29. Vermaak WJH, Ubbink JB, Bernard HC, et al: Vitamin B6 nutrition and cigarette 

smoking. Am J Clin Nutr 1990; 51: 1058-1061. 

 
*All correspondences to: Dr.Shahid A. Mujawar, Flat No-30, 7th Floor, Swstik-4, Sir J.J. Hospital 

Campus, Byculla, Mumbai - 400008 Email: akbarson4@gmail.com 


