
Journal of Environmental and Occupational Science

DOI: 10.5455/jeos.20170113084303
www.jenvos.com

12  J Environ Occup Sci ● 2017 ● Vol 6 ● Issue 1

INTRODUCTION

Cigarette smoking leads to a serious health problem and includes 
most important avoidable causes of death in worldwide. Today at 
least 20% of all cancers are estimated to be attributable to smoking, 
but this figure is expected to increase because of the uptake of 
tobacco use in low-income countries. Tobacco products contain 
more than 50 established or identified carcinogens, and these may 
increase risk of cancer by causing mutations that disrupt cell cycle 
regulation, or through their effect on the immune systems [1]. 
Coagulation is the complex process by which blood forms clots. 
It is highly conserved throughout biology, involving both a cellular 
and a protein component in all mammals [2]. Platelet activation 
and blood coagulation, no doubt, have been shown to be mutually 
dependent and interactive processes [2]. The balance between 
clotting and dissolution of clots is a function of the extremely 
complex interactions involving all of the cellular components in 
the blood arterial wall interface, especially the endothelial cells 

and platelets. Hemostatic dysfunction, however, arises from any 
alteration of this complex system, leading to pathologic thrombosis 
or vascular occlusion by thrombus fragments [3].

Smoking has been shown to induce hypercoagulability and a 
hyperthrombotic state, possibly by increased platelet aggregation 
and adhesiveness as a result of its nicotine content. About 
1015-1017 free radicals are estimated to be contained in cigarette 
smoke per inhalation, and these are capable of oxidizing the fat 
components of the body [4]. Predictors such as age, duration 
and the average amount of cigarette sticks smoked per day are 
established factors for assessing the absolute risk of developing 
smoke-related complications in long-term smokers [5].

The prothrombin time (PT) measures the extrinsic pathway of 
coagulation while activated partial thromboplastin time (APTT) 
is a performance indicator of the efficacy of both the “intrinsic” 
(now referred to as the contact activation pathway) and the 
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ABSTRACT
Background/Aim: Cigarette smoking has been shown to adversely affect coagulation parameters resulting 
in hemostatic complications. This was a case-control study designed to evaluate the coagulation profile of 
cigarette smokers in Nnewi metropolis. Materials and Methods: A total of 116 subjects were recruited 
comprising 58 cigarette smokers and 58 non-cigarette smokers. The age of the subjects, the quantity of sticks 
per day and duration of smoking were obtained from the subjects using a questionnaire. Prothrombin time 
(PT) was estimated by the calcium-thromboplastin method of Quick (1935), activated partial thromboplastin 
time (APTT) by the method of Koepke (1986), platelet count was carried out by the routine ammonium oxalate 
method as described by Cheesbrough (2006), and fibrinogen level by Clauss method (1957). Ethical approval was 
obtained from the Ethics Committee of Faculty of Health Sciences and Technology, Nnamdi Azikiwe University 
and Informed consent was obtained from the subjects before being recruited for the study. Statistical Package 
for Social Sciences (SPSS) version 20 was used for statistical analysis. Results: The results showed that the 
mean values of PT and APTT of smokers were significantly prolonged compared to non-smokers (P < 0.05), 
while platelet and fibrinogen level were significantly lowered in smokers compared to non-smokers (P < 0.05). 
PT was also significantly prolonged in smokers of age groups above 30 years compared to smokers below 
30 years of age, while APTT was significantly prolonged in smokers above 40 years compared to those below 
30 years (P < 0.05). However, platelet and fibrinogen levels were significantly higher in smokers of age 
group 20-30 years compared to those above 30 years (P < 0.05). PT and APTT were also significantly prolonged 
with increasing duration of smoking as well as number of sticks per day, while there was a relative decrease 
in platelet and fibrinogen levels with increasing duration and number of sticks per day. Conclusion: It was 
concluded that cigarette intake alters PT, APTT, platelet and fibrinogen values, while age, duration of smoking 
and number of sticks per day were determinant factors to the extent of coagulation dysfunction in smokers.
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common coagulation pathways. Long-term smoking has been 
shown to affect PT and APTT, with significantly lower values 
in subjects who had smoked for 12 years or more, compared 
to those that had smoked for <10 years [6]. A shortened 
whole blood clotting time resulting from increasing platelet 
aggregation in chronic smokers has also been reported [7]. 
Ngozi and Ernest [8] reported that a unit increase in duration 
of smoking causes a unit decrease in the whole blood clotting 
time in chronic smokers. Platelets, also called thrombocytes, are 
blood cells whose function (along with the coagulation factors) 
is to stop bleeding. They have no nucleus and are fragments of 
cytoplasm which are derived from the megakaryocytes [9]. There 
have been only a few studies addressing the effect of smoking on 
platelets. In addition, many of the studies have not compared 
the data with those of non-smoking control groups [1,10,11].

Paucity of information on this area, coupled with the increase in 
the number of chronic smokers of both genders necessitated the 
present study which is aimed at evaluating the effect of smoking 
on the coagulation markers (PT, APTT, platelet, and fibrinogen 
levels). The results of the study will, therefore, substantiate the 
predisposition or otherwise of smokers to coagulation disorders 
and define the impact of long-term smoking on coagulation.

MATERIALS AND METHODS

Study Area

The study was carried out in Nnewi metropolis, Nnewi North 
Local Government Area of Anambra state. Nnewi is the second 
largest city in Anambra State in South-Eastern Nigeria. As of 
2006, Nnewi has an estimated population of 391,227 according 
to the Nigerian census. The city spans over 1,076.9 square miles 
(2,789 km2) and comprises four autonomous quarters: Otolo, 
Uruagu, Umudim, and Nnewi-Ichi. This town is also one of the 
major trading and manufacturing centers of Nigeria.

Study Design

This was a case-control study designed to assess the effects of 
cigarette smoking on some coagulation parameters of smokers. 
The study subjects comprised 116 subjects (aged 20-60 years) 
58 were cigarette smokers and 58 were non-cigarette smokers 
(control subjects).

Ethical Consideration and Informed Consent

Ethical approval was obtained from the Ethics Committee of 
Faculty of Health Sciences and Technology, Nnamdi Azikiwe 
University, Nnewi Campus before the commencement of 
the study. Informed consent was sought for and obtained 
from each subject before recruitment for the study and strict 
confidentiality was ensured.

Inclusion and Exclusion Criteria

Apparently, healthy cigarette smokers were included in the study, 
while subject with any known bleeding disorders, marijuana 

smokers, and subjects that have been transfused or had a major 
ill-health in the previous 3 months as well as those that refuse 
to give their consent was excluded.

Sample Collection

5 ml of whole blood was collected. 2.5 ml were dispensed into 
an ethylenediaminetetraacetic acid container for platelet count 
while 2.5 ml was added to 0.3 ml of trisodium citrate giving a 
blood to anticoagulant ratio of 9:1. The blood was mixed and 
spun within 2 h and the platelet poor plasma separated for use 
in PT, APTT, and fibrinogen assay.

Methodology

PT [12]

200 µl of calcium-rabbit brain thromboplastin mixture was 
placed in a clotting tube within a water bath at 37°C and 
incubated for 2 min at that temperature. 100 µl of test (or 
control) plasma was then added, and a stopwatch was started. 
The tube was gently tilted at regular intervals (returning to the 
water bath between tilting) and the time for the formation of 
clot was recorded to give the PT.

APTT [13]

200 µl of Kaolin platelet substitute mixture was placed in a 
clotting tube in a 37°C water bath and incubated for 2 min 
to attain temperature. 100 µl of test plasma (or control) was 
added, and the tube gently tilted at intervals for exactly 2 min. 
100 µl of 0.025 m calcium chloride (pre-incubated at 37°C) was 
then added, and a stopwatch started. The tube was tilted at 
regular intervals and the time for clot formation was recorded 
as the APTT.

Plasma fibrinogen estimation [14]

50 µl of plasma and 450 µl of trampone imidazole buffer was 
incubated at 37°C for 2 min to attain temperature. 200 µl of the 
mixture was reacted with 100 µl of bovine thrombin reagent, and 
the stopwatch was started and time for clot formation was recorded.

Platelet count [15]

Filtered ammonium oxalate (0.38 ml) was measured and 
dispensed into a small test tube. Then, 20 µl (0.02 ml) of well 
mixed anticoagulant venous blood was added and mixed. The 
grid area of the Neubauer counting chamber was wiped clean; 
the cover slip was slid carefully over the grid area and pressed 
down on each side until rainbow colors (Newton’s rings) were 
seen. The diluted blood was mixed properly and using a capillary 
tube the grids was filled with the sample. The chamber was left 
undisturbed for 20 min in a petri dish on damped blotting paper 
covered with the lid to prevent drying of the fluid. The underside 
of the chamber was wiped dry and placed on the microscope 
stage. ×10 objective was used to focus the rulings of the grid, 
and ×40 objective was then used for counting platelets.
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Statistical Analysis

The data obtained was analyzed using Statistical Package for 
Social Sciences (SPSS) version 20 (SPSS Inc., Chicago IL, USA). 
Data were expressed as the mean ± standard deviation. The 
significance of the difference in mean values between groups 
was analyzed using student t-test, while the significance of the 
difference among groups was evaluated using one-way ANOVA. 
P < 0.05 was considered statistically significant.

RESULTS

The mean values of PT and APTT were significantly prolonged 
in smokers compared to non-smokers (P < 0.05), while platelet 
count and fibrinogen level were significantly lower in smokers 
when compared to non-smokers (P < 0.05) [Table 1].

There was a significant prolongation of the PT and APTT of 
subjects older than 40 years when compared to subjects that 
were 20-30 years of age (P < 0.05). Similarly, PT was also 
significantly prolonged in subjects aged 31-40 years compared 
to 20-30 years. There was a significant decrease in the platelet 
count and fibrinogen levels of subject older than 30 years 
compared to subjects 20-30 years of age (P < 0.05) [Table 2].

There was a significant prolongation in the PT and APTT 
of subjects who have smoked for >10 years, 6-10 years and 
1-5 years when compared to subjects who have smoked for 
<1 year (P < 0.05). A significant decrease in the fibrinogen 
level (P < 0.05) was observed for smokers who had smoked for 
1-5 years and 6-10 years when compared to subjects who have 
smoked for <1 year. A significant decrease in platelet count 
for smokers who had smoked for >10 years was evident when 
compared to subjects who have smoked for <1 year and 1-5 years 
respectively (P < 0.05) [Table 3].

There was a significantly prolonged PT and APTT value in 
subjects who smokes an average of 6-10 sticks per day and >10 
sticks per day when compared to subjects who smoke 1 stick 
per day (P < 0.05). Similarly, there were significantly lower 
fibrinogen levels in subjects who smoke 6-10 sticks per day 
when compared to those who smoke 1 stick per day (P < 0.05). 
Moreover, platelet count of subjects who smoked an average 
of more than 10 sticks in a day was significantly lower when 
compared to those who smoke 2-5 sticks per day (P < 0.05) 
[Table 4].

DISCUSSION

Cigarette smoking increases the risk of pulmonary and 
cardiovascular diseases, like atherosclerosis and coronary artery 
disease, which results in avoidable deaths worldwide. The results 
of this study showed that while the mean values of PT and 
APTT, which gives an assessment of the extrinsic and intrinsic 
hemostatic pathway, were significantly prolonged in smokers 
compared to non-smokers, fibrinogen levels were significantly 
reduced in smokers when compared to non-smokers. This 
finding could be due to the indirect effect of cigarette smoke 
on the liver. Studies have revealed that oxidative stress from 
cigarette smoke impairs the functions of the liver cell which 
includes the production of some coagulation factors. This 
could have led to the prolongation of PT and APTT. This 
is corroborated by our finding that the levels of fibrinogen 
(factor 1) which is also a coagulation factor produced in the 
liver was significantly reduced in smokers. Another possible 
reason for the prolonged PT and APTT as postulated by Zhi-De 
et al. [16] is that the generally increased hematocrit observed 
in smokers causes an alteration in the anticoagulant to plasma 
ratio (from 1:5 to 1:2) such that the excess citrate-sodium in 
plasma weakens the procoagulant activity of the PT and APTT 
reagent by reducing the availability of assay-added calcium 
and consequently resulting in a prolonged PT and APTT. This 
finding agrees to that of an author [17] who reported a prolonged 
PT and APTT in smokers. However, some researcher in contrast 
to our findings reported a shortened PT and APTT in smokers 
compared to non-smokers [6,18].

We also discovered a significant reduction in platelet counts 
in smokers. This agrees with the findings of some previous 
research [17,18]. We suggest that it could be linked to the 
findings [19,20] that smoking induces hypercoagulability and 
a hyperthrombotic state due to increased platelet aggregation 
and adhesion as a result of its nicotine content. Thus while there 

Table 1: Comparison of coagulation parameters of smokers and 
non‑smokers
Parameters Smokers (n=58) Non‑smokers (n=58) t values P‑values

PT (s) 19.5±4.13 17.14±2.72 3.77 0.000*
APTT (s) 46.00±9.37 41.41±5.67 3.19 0.000*
Platelet  
(109/L)

206±66 254±56 4.19 0.000*

Fibrinogen  
(mg/dl)

233.72±80.65 269.86±62.08 2.70 0.010*

*: Significant P values, PT: Prothrombin time, APTT: Activated partial 
thromboplastin time

Table 2: Comparison of coagulation parameters of smokers based on age groups
Age groups (years) PT (s) APTT (s) Platelet (109/L) Fibrinogen (mg/dl)

20‑30 (n=32) 17.94±3.16 43.59±7.14 226.53±68.33 260.31±64.49
31‑40 (n=17) 21.71±2.76 47.71±8.51 186.06±49.70 209.06±94.41
>40 (n=9) 21.44±6.56 51.33±14.87 170.11±64.95 185.78±75.44
F (P) value 6.90 (0.000*) 2.99 (0.060) 4.02 (0.020*) 4.65 (0.011*)
A versus B P value 0.000* 0.121 0.041* 0.033*
A versus C P value 0.021* 0.030* 0.020* 0.010*
B versus C P value 0.870 0.351 0.542 0.401

*: Significant P values, A: Mean values of parameters for smokers aged 20‑30 years, B: Mean values of parameters for smokers aged 31‑40 years,  
C: Mean values of parameters for smokers aged>40 years, PT: Prothrombin time, APTT: Activated partial thromboplastin time
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is no direct alteration in platelet numbers, there could be an 
indirect reduction due to enhanced activity. Hung et al. [21] 
also demonstrated that smoking stimulates platelet aggregate 
formation in habitual smokers.

Predictors such as age, duration, and the average amount 
of cigarette sticks smoked per day, are established factors 
for assessing the absolute risk of developing smoke-related 
complications in long-term smokers [5]. Doll and Peto [22] 
discovered that the adverse effect of smoking increases with 
duration of smoking and also reported duration as the most 
important predictor tool rather than intensity of smoking. 
The effect of duration of smoking on coagulation parameter 
in this research work showed a significant prolongation in the 
PT and APTT of subjects who have smoked for more than a 
year when compared to subjects who have smoked for <1 year. 
A significant decrease in the fibrinogen level was recorded 
for smokers who had smoked between 1 and 10 years when 
compared to subjects who have smoked for <1 year and also a 
significant decrease in platelet count was recorded for smokers 
who had smoked for more than 10 years when compared with 
those who have smoked for <1 year. This prolongation of 
PT and APTT and decrease in fibrinogen and platelet count 
with increased duration of smoking suggests that coagulation 
derangement in smokers is enhanced with longer duration of 
smoking. However, Soronnadi et al. [23] reported a different 
effect of duration of smoking on the PT, APTT and platelet 

count and concluded that a unit increase in duration of smoking 
causes a unit decrease in PT and APTT while a unit increase 
in duration of smoking increases the total platelet counts in 
smokers. Akpotuzor et al. [6] also reported a significantly lower 
PT and APTT in those that had smoked 11 years and above when 
compared to those that smoked 10 years and less.

Our findings also show that PT and APTT were significantly 
prolonged in smokers aged over 30 years and over 40 years 
respectively compared to those younger than 30 years, while 
platelet and fibrinogen were significantly decreased in subjects 
older than 30 years. This could be due to the fact that those 
of higher age groups are most likely to have been smoking for 
a longer period in their lifetime with possibly more adverse 
effects.

From this present research, there was a significantly higher 
PT value in subjects who smokes more than 6 sticks per day 
compared to subjects who smoke 1 stick per day. The APTT 
value for subject that smoke more than 2 sticks per day was 
also significantly increased compare to individuals who smoke 
only 1 stick per day. A significantly lower platelet count for 
subjects who smoke more than 10 sticks in a day was evident 
when compared to those who smoke 2-5 sticks per day. 
Fibrinogen was also lower in subjects who smoke 6-10 sticks 
per day when compared to those who smoke 1 stick per day. 
This however disagrees with the work of Takajo et al. [24] that 

Table 3: Comparison of coagulation parameters of smokers based on duration of smoking
Duration (years) PT (s) APTT (s) Platelet (109/L) Fibrinogen (mg/dl)

<1 (n=16) 16.56±2.63 40.13±6.06 214.56±60.37 287.75±49.26
1‑5 (n=27) 19.85±3.18 46.56±6.91 213.48±72.56 222.85±68.49
6‑10 (n=10) 21.80±3.55 50.60±8.53 204.50±48.73 175.40±91.40
>10 (n=5) 23.40±7.40 52.60±19.77 140.20±55.97 136.20±115.34
F (P) value 6.94 (0.000*) 4.44 (0.011*) 1.94 (0.130) 5.27 (0.000*)
A versus B P value 0.010* 0.021* 0.964 0.010*
A versus C P value 0.000* 0.000* 0.702 0.000*
A versus D P value 0.000* 0.011* 0.031* 0.171
B versus C P value 0.151 0.212 0.710 0.080
B versus D P value 0.052* 0.163 0.020* 0.711
C versus D P value 0.423 0.671 0.082 0.132

*: Significant P values, A: Mean values of parameters for those that have smoked for<1 year, B: Mean values of parameters for those that have smoked 
for 1‑5 years, C: Mean values of parameters for those that have smoked for 6‑10 years, D: Mean values of parameters for those that have smoked 
for>10 years, PT: Prothrombin time, APTT: Activated partial thromboplastin time

Table 4: Comparison of coagulation parameters of smokers based on number of cigarette sticks per day
Quantity (sticks per day) PT (s) APTT (s) Platelet (109/L) Fibrinogen (mg/dl)

1 stick (n=21) 17.57±3.08 41.38±5.95 195.57±48.35 270.19±55.10
2‑5 sticks (n=25) 19.64±3.34 46.48±7.76 230.00±69.91 227.72±83.54
6‑10 sticks (n=8) 22.75±3.24 53.38±6.55 186.00±82.16 177.63±88.73
>10 sticks (n=4) 23.50±8.43 52.50±22.31 149.50±44.37 192.00±93.88
F (p) value 5.49 (0.000*) 4.83 (0.010*) 2.71 (0.051) 3.54 (0.020*)
A versus B P value 0.071 0.051* 0.071 0.062
A versus C P value 0.000* 0.001* 0.720 0.012*
A versus D P value 0.010* 0.023* 0.190 0.061
B versus C P value 0.041* 0.054* 0.091 0.110
B versus D P value 0.062 0.201 0.020* 0.394
C versus D P value 0.740 0.873 0.353 0.763

*: Significant P values, A: Mean values of parameters for those that smoked 1 cigarette stick per day, B: Mean values of parameters for those that 
smoked 2‑5 cigarette sticks per day, C: Mean values of parameters for those that smoked 6‑10 cigarette sticks per day, D: Mean values of parameters 
for those that smoked>10 cigarette sticks per day, PT: Prothrombin time, APTT: Activated partial thromboplastin time
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reported that each cigarette smoked per day increases mean 
plasma fibrinogen by 0.35 g/L.

CONCLUSION

This study shows a significant prolongation of PT and APTT 
in smokers and a decrease in platelet count and fibrinogen 
values. Age differences, quantity, and duration of smoking were 
ascertained as contributing factors to the effects of smoking on 
the coagulation parameters. This study has shown that though 
long-term smokers are more predisposed to risk of bleeding or 
coagulation disorder, smokers generally are at risk.

It is, therefore, recommended that the smoking status of 
patients be put into consideration in interpreting coagulation 
results in hematology laboratories.

LIMITATIONS OF THE STUDY

This study is limited by the non-inclusion of liver function test 
and platelet function tests as against platelet count that would 
have helped to substantiate some of the findings of this study.
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