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INTRODUCTION 

There are no clearly established clinical biochemical 

markers for cigarette smoking despite knowledge of 

smoking-induced stress, yet it is conventionally accepted 

that cigarette smoking is a risk factor for various diseases 

including cancer, cardiovascular disease (CVD) and type 

II diabetes. For instance, smoking is one of the 

modifiable factors in risk assessment of heart disease, as 

well as death and diabetes progression.
1-3 

In vitro methods are useful for screening toxicity from 

tobacco smoked, but better methods are needed for 

today's context of regulation and evaluation of health 

claims as well as to evaluate claims by manufacturers on 

modified tobacco products.
4,5

 This need is superimposed 

on the use of therapeutic smoking that is now increasing. 

That is, the smoker’s paradox acknowledges the 

substantial benefits of therapeutic smoking, which has 

contributed to adoption of therapeutic smoking and 

development of new drugs; but the concept of evaluation 

of efficacy and toxicity has yet to be seriously discussed.
6
  

Also, industrial and household smoke could cause 

oxidative stress, which would go on to induce 

hyperviscosity.
7-9

  

Therefore, there is an obvious need to develop a unified 

approach for assessment of cigarette toxicity, especially 

for non-smokers, because this group is exposed to 

second-hand smoke and also third-hand smoke that is the 

accumulation of first-hand smoke over a period becoming 

more toxic in the process.
5,10 

Also, since tobacco causes a 

duration-dependent increase in oxidative stress, this 

ABSTRACT 

 

Background: There are no clearly established clinical biochemical markers for cigarette smoking despite the 

knowledge that cigarette smoking is a risk factor for various diseases, especially cardiovascular complications of 

respiratory pathologies. However, there are reports of significant increases in blood viscosity and oxidative stress 

among smokers. The main objective of the study was to ascertain the association of toxicity from cigarette smoking 

on whole blood viscosity in our data.  

Methods: This study analysed the archived clinical data of 20 cigarette smokers and 20 apparently healthy 

individuals.  

Results: The data show that on average, oxidative stress levels are relatively the same between groups, while whole 

blood viscosity is statistically significantly lower in non-smokers compared to smokers.  

Conclusions: This report suggests that oxidative stress induced whole blood hyper-viscosity could be a valid 

biomarker for laboratory testing of smoking toxicity among cigarette smokers. 

 

Keywords: Clinical biomarkers, Smoking toxicity, Oxidative stress, Whole blood viscosity  

1
Department of Community Health, Charles Sturt University, Australia 

2
Department of Biomedical Sciences, Charles Sturt University, Australia 

 

Received: 15 April 2016 

Accepted: 09 May 2016 

 

*Correspondence: 

Dr. Ezekiel U. Nwose, 

E-mail: nwoseeu@gmail.com 

 

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under 

the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 

DOI: http://dx.doi.org/10.18203/2320-6012.ijrms20161810 



Nwose EU et al. Int J Res Med Sci. 2016 Jun;4(6):2332-2336 

                                                            International Journal of Research in Medical Sciences | June 2016 | Vol 4 | Issue 6    Page 2333 

impacts on toxicity.
11

  Studies demonstrate that quitting 

smoking is associated with improvement in measurable 

biomarkers that pre-dispose to diseases such as CVD.
12

   

For instance, it has been shown that compared with 

subjects who continued to smoke, quitters had higher 

plasma HDL cholesterol concentrations.
13

 Other studies 

also report of improved plasma total homocysteine 

concentrations in quitters.
12,13  

It has been reported that age and smoking are two 

independent factors that affect the deformability of 

human RBCs, and nicotine has been shown to inhibit the 

efficacy of antihypertensive treatment on RBC 

deformability.
14,15

  

It is therefore important to understand the association of 

nicotine vis-à-vis toxicity from tobacco ingested and/or 

smoked (recreational, industrial or domestic) on 

haemorheology including whole blood viscosity.  
 

The clinical symptoms of tobacco toxicity include 

dizziness, malaise, nausea and vomiting, bradycardia and 

dilated pupils as well as organ damage.
16

 It is therefore 

important that in addition to assessment of these clinical 

features there are pathology biomarkers for smoking and 

tobacco toxicity.   

Assessment of tobacco toxicity by mere count of number 

of cigarettes is inaccurate because there are differences in 

metabolism due to ethnicity and method of smoking and 

the sizes and types of the cigarettes also differ as well as 

the volumes of inhaled smoke.
17

   

Hence, assessment of nicotine metabolism has become an 

integral part of some nicotine dependency treatment 

programs, whereby reduced and zero level of nicotine 

metabolites and anabasine are  used to validate reduction 

or abstinence from tobacco and its products.
18

 The 

metabolites; nicotine, cotinine, trans-3′-hydroxy cotinine, 

nornicotine, and anabasine in various biological fluid 

such as urine, serum, and plasma can be tested using 

liquid chromatography-tandem mass spectrometry.
19

 

The hypothesis 

We reported that WBV varies between individuals with 

different stages of macrovascular pathogenesis and 

recommended that the criteria for WBV could be 

redefined on the basis of underlying oxidative stress 

and/or consequential stasis.
20-22

 Smoking is a risk factor 

in assessment of heart disease.
3
  

The associated factors which constitute a vasculopathy 

triad (homocysteinaemia, hypercoagulability and 

hyperviscosity) are some of the emerging laboratory 

markers for assessment of CVD.
23,24

   

The hypothesis in this study is that the levels of oxidative 

stress biomarkers and WBV are higher in cigarette 

smokers relative to a non-smokers’ group. A positive 

finding will be valuable to further the discussion on early 

identification of subclinical macrovascular complications 

of respiratory diseases, especially in smokers. 

METHODS 

This work analysed archived clinical data (N=20) of 

cigarette smokers, which constituted the main ‘smokers’ 

group. Another 20 apparently healthy individuals who did 

not smoke were then selected to constitute the control 

‘non-smokers’ group. The archived data were collected as 

part of doctoral research, but now being analysed in a 

different context.
20,25

  

All participants had results for malondialdehyde (MDA), 

methaemoglobin (metHb), reduced glutathione (GSH) 

and WBV.  

Some participants in the smokers group were individuals 

without any obvious health conditions, while some were 

taking medications for various reasons.  

All participants in the non-smokers group were without 

any known health condition nor were they taking any 

medication and had normal blood glucose, blood pressure 

and cholesterol profile levels. 

RESULTS 

A review of statistics appears to indicate some 

discrepancies, especially in relation to our hypothesis.  

The data show that on average, oxidative stress level are 

higher (lower erythrocyte GSH in conjunction with 

higher erythrocyte MDA and metHb) while whole blood 

viscosity was lower in non-smokers compared to smokers 

(Figure 1).  

A critical review of the results also indicates no 

statistically significant differences between the groups in 

the level of oxidative stress biomarkers, excepting WBV 

level which is significantly different (Table 1). 

 

 

Figure 1: Comparative levels of oxidative stress and 

WBV levels between groups. 
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Further review of the smokers group indicate 25% (4/20) 

have pre-existing health conditions and are taking 

medications; another 10% (2/20) were be probably 

prediabetes from our laboratory screening (Table 2). 

  

Table 1: Descriptive statistics. 

 

Age (Years) MDA (nmol/ml) GSH (mg/L) MetHB (%) Viscosity (mPas) 

Smoker 
Non-

smoker 
Smoker 

Non-

smoker 
Smoker 

Non-

smoker 
Smoker 

Non-

smoker 
Smoker 

Non-

smoker 

Mean 56.80 55.55 0.32 0.34 0.59 0.54 0.60 0.83 5.36 3.67 

Median 60.00 54.00 0.31 0.23 0.56 0.58 0.53 0.59 4.25 3.89 

SD 12.02 9.78 0.18 0.32 0.23 0.18 0.36 0.70 3.37 1.22 

Min 37.00 38.00 0.05 0.17 0.10 0.21 0.16 0.17 1.11 0.63 

Max 74.00 74.00 0.84 1.58 1.27 0.81 1.36 2.69 12.42 6.32 

Kurt -1.02 -0.78 3.66 12.71 3.78 -1.12 -0.61 2.77 0.56 1.74 

P- value 0.72 0.81 0.50 0.21 0.05 

 

Table 2: State of health among the smokers’ group. 

State of health Percentage  of cohort 

Apparently healthy 65 

Cardiovascular disease (CVD) 5 

Diabetes & CVD co-morbidity 20 

Probable prediabetes 10 

DISCUSSION 

There is no dispute that cigarette smoking is a major 

cause of modifiable morbidity and premature mortality.
1,2

 

According to data from the American Lung Association 

in a 2011 report, cigarette smoking was responsible for 

approximately one in five (20%) deaths in the United 

States.
26

  

In particular, respiratory diseases rank third on the list of 

health complications attributable to deaths due to 

cigarette smoke and the report estimated that reduction of 

smoking rate to 15% by 2023 could save about USD 31.4  

billion on pulmonary conditions and raise productivity by 

about USD 79 billion.
26

 What is yet to be seriously 

discussed is how to access subclinical pulmonary 

conditions, in order to improve early identification, 

before obvert clinical symptoms and complications occur.  

In this albeit small retrospective study, the hypothesis 

‘that the levels of oxidative stress biomarkers and WBV 

are higher in cigarette smokers relative to non-smokers’ 

group’ has been investigated.  

The result shows that WBV is statistically significantly 

higher in smokers compared to the non-smokers group. 

This observation is in agreement with the report of a 

prospective study that had sample size similar to our 

(n=20), which showed high significant difference in 

WBV of smokers.
27 

Although the observation from this study does not 

indicate statistical significant differences between 

smokers and non-smokers on oxidative stress biomarkers, 

this cannot be translated to be lack of smoking effect on 

clinical biochemistry parameters. Rather, it may be that 

smoking-induced oxidative stress is inseparable from the 

stress associated with the clinical conditions of non-

smokers including but not limited to a complex of 

secondary smoking, environmental smoke pollution 

and/or chronic diseases.  

For instance, there have been mixed reports some 

indicating that methaemoglobin level being higher 

smokers, and other reports indicating greater levels in in 

non-smokers.
28,29

 Further, oxidative damage has been 

implicated in various diseases and it seems that the 

mechanism of air pollution-induced health effects 

involves oxidative stress.
30

 Increased malondialdehyde 

levels in breath after experimentally exposing adult 

human subjects to wood smoke in a controlled 

environment is an example of this effect.
31 

Further studies are needed to discretely compare 

apparently healthy populations of non-smokers versus 

smokers. In making this recommendation, it must be 

pointed out that there is difficulty in recruiting apparently 

healthy smokers. Perhaps, it may be necessary to consider 

using teenagers and young adults who are newly initiated 

into smoking. In the cohort of smokers in this study, 25% 

reported having pre-existing health conditions and were 

taking medications but another 10% were identified as 

probable prediabetes from our laboratory screening 

(Table 2).  

A confounding effect of this is that the ongoing medical 

treatments may be ameliorating oxidative stress among 

those who have pre-existing health conditions. This effect 

may be insignificant to WBV, which is quite specific for 

blood stasis.
22,32

 Further, the sample size was small in this 



Nwose EU et al. Int J Res Med Sci. 2016 Jun;4(6):2332-2336 

                                                            International Journal of Research in Medical Sciences | June 2016 | Vol 4 | Issue 6    Page 2335 

preliminary study and this was a limiting factor. A larger 

population may give us some more significant stats. 

CONCLUSION 

This report provides additional evidence that WBV is 

significantly increased in smokers compared to non-

smokers. It also provides indication that oxidative stress 

indices may be varied among cigarette smokers relative 

to non-smokers. 
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