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A b s t r a c t: The purpose of the investigation was to determine the existence of 
the probable causal associations between cigarette smoking and the development and 
distribution of lung cancer. 

Material and methods: The research was conducted as a case-control study. It 
included 101 patients with lung cancer (investigated group-IG) and the same number of 
persons without this malignant disease (control group-CG). The members of both groups 
were interviewed within the period May 2006-May 2007. Risk analyses were done using 
unconditional logistic regression, which provides results in the form of a crude odds ratio. 
The odds ratios and their 95% confidence intervals (CI) were computed. 

Results: The habit of cigarette smoking was particularly wide-spread among 
men with lung cancer (68.8%), while in the CG this percentage was 40.3%. In IG, 
among the females, current smokers and nonsmokers are represented equally. Smokers 
and ex-smokers have a 4.05 (95%CI 1.78 < OR < 9.19) times significantly higher risk 
of becoming ill compared to the non-smokers. The risk of becoming ill increases sig-
nificantly in smokers who smoke > 20 cigarettes per day (c/d) (p < 0.01) and is 9.33 
(95%CI 3.56 < OR < 24.48) compared to nonsmokers. The risk of developing lung 
cancer is 4.55 (95%CI 1.86 < OR < 11.12) times greater in persons smoking > 15 years 
(y) > 20 c/d, compared to those who smoke < 15 y < 20 c/d. 

Conclusion: Our study supports the statement that cigarette smoking is by far 
the most important risk factor for lung cancer. Concerted control of smoking appears to 
be an urgent priority in lung cancer prevention, including efforts to prevent adolescents 
from starting to smoke. 
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Introduction 
 

Cancer is a disease which knows no limits. It is in the second place as a 
cause of death in the developed countries, and is among the three leading causes 
of death in adults in the developing countries.  

Every year, worldwide, approximately 10 million persons with malign-
nant tumours are diagnosed (in all locations), and more than 6 million of them 
die. If the present trend continues, it is considered that about 10 million people 
will die from cancer by 2020, and the number of new cases will increase to 15 
million per year [1, 2].  

According to the American Cancer Association data, it is stated that 
during the period 1999 to 2006, cancer surpassed cardiovascular diseases as a 
leading cause of death in persons younger than 85 years. Mortality rates show a 
continuous decrease in the three locations in men (lung, colon and rectum, and 
prostate) and breast, colon and rectum cancer in women. Mortality rate from 
lung cancer is mildly increasing further in women [3].  

Of the total of 10 million new cancer cases diagnosed in 2000, lung can-
cer has been the most frequent, to which 12.5% of the total number belongs [4]. 

According the evidence presented by the Macedonian Cancer Register, 
lung cancer has been in the first place among the ten most primary locations in 
men, while it has been in the sixth place in women during the last decade [5].  

A number of epidemiologic studies point out the role of some risk-
factors in the development of lung cancer. The most significant of the so-called 
"lifestyle" risk-factors are cigarette smoking, passive smoking, alcohol consum-
ption and the style nutrition. Of the exogenous factors there is exposure to cer-
tain workplace cancerogenes and air pollution, while the endogenous ones are 
represented by psychosocial and hereditary factors [6, 7]. 

The purpose of the investigation was to determine the existence of 
probable causal associations between cigarette-smoking and the development 
and distribution of lung cancer. 
 
 

Material and Methods 
 

The investigation was an analytical type of case-control study. It 
elaborated patient groups with lung cancer (investigated group – IG) and a 
group of patients without this malignant disease (control group – CG), in which 
these factors were investigated from the epidemiological aspect which 
participated in the disease occurrence.  

The members of both groups were interviewed within the period May 
2006 to May 2007 (12 months). The investigated group consisted of 101 per-
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sons with lung cancer. The disease was diagnosed at the Pulmology and Aller-
gology Clinic. The diagnosis of the disease and its final pathohistological veri-
fication were made by biopsy material analysis, taken within the procedure of 
bronchoscopy at the Institute of Radiotherapy and Oncology.  

In order to analyse (quantify) the epidemiological risk which some risk-
factors involve, it was necessary to determine their presence in a similar or 
identical group of individuals who did not have the consequence of the influ-
ence of these factors, i.e. lung cancer. In order to minimise the bias risk when 
both groups were compared, it was necessary that the members of both groups 
be identical or maximally similar in relation to some accepted features (sex, 
age). With that aim, the matching method was used for member selection of the 
control group. In this way, 101 members of the CG were found, selected from 
the population hospitalized at the Clinic of Gastroentherohepatology in the 
same period when the IG was selected. Investigation data were taken by means 
of a questionnaire designed for that aim. 
 
 

Criteria for defining smoking history 
 

The part of the questionnaire referring to the cigarette smoking habit 
included modified questions from the Questionnaire on Cigarette Usage, recom-
mended by the World Health Organization Tobacco or Health Programme [8].  

A current smoker is a person who smokes at least one cigarette daily, 
for at least three months, a total of about 100 cigarettes and even more during 
his lifetime, respectively. A temporary smoker is a person who smokes, but not 
every day. An ex-smoker is a person who used to smoke, but at the moment has 
not for at least 6 months. Non-smokers are individuals who have never lit a ci-
garette or have smoked less than 100 cigarettes in their lifetime. 
 
 

Statistical analysis 
 

Statistical analysis was made by means of the Statistica for Windows 
programme. Analysis of attributive series was made through a determination of 
the coefficient of ratios, proportions and rates, while numerical series were ana-
lyzed by measure of dispersion. Through calculation of the risk using the Odds 
ratio (OR), the risk factors having a role in disease development were defined, 
while the statistical significance of the investigated variables as risk factors for 
an error level less than 0.05 (p) was defined with the Confidence Intervals (CI). 
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Results 
 

This investigation was a case-control study. Of the total of 101 IG 
members, 83 (82.2%) were men, and 18 (17.8%) women. The ratio of registered 
men: women was 4.6 : 1. The age span of both group members ranged from 41 
to 77 years. The IG and the CG of women had 18 interviewees each, aged 45 to 
81 years.  

The age distribution shows that the greatest percentage of diseased men 
and women belonged to the age group 60–69 years (35.6% men; 38.9% women) 
(Table 1).  
 
Table 1 – Tabela 1 

 
Distribution of patients and controls according to sex and age 

Distribucija na ispitanicite (pacienti i kontroli)  
spored pol i vozrast 

 

Investigated group Control group AGE 
(years) Men 

N    % 
Women 
N    % 

Men 
N    % 

Women 
N    % 

< 39 2 (2.0) / / / 
40–49 7 (6.9) 3 (16.7) 10 (9.9) 3 (16.7) 
50–59 27 (26.7) 5 (27.8) 27 (26.7) 4 (22.2) 
60–69 36 (35.6) 7 (38.9) 35 (34.6) 8 (44.5) 
70–79 11 (28.8) 2 (11.0) 11 (28.8) 2 (11.0) 
> 80 / 1 (5.6) / 1 (5.6) 
Total 83 (100) 18 (100) 83 (100) 18 (100) 

 
87% of the diseased persons lived in towns, and 75.1% of the CG mem-

bers, respectively. The majority in both groups members were of Macedonian 
nationality (IG-82.4%; CG-83.5%), followed by Albanians (11%) and Romas 
(3.3%) in the IG, while after the Albanians with 9.9%, came Serbs with 4.4% in 
the CG. 

Knowledge that cigarette smoking represents a significant risk-factor 
for cancer development is not new. It is a habit which causes not only lung 
cancer, but cancer in other locations as well: the mouth cavity, larynx, pharynx, 
oesophagus, bladder, pancreas and stomach. 

The habit of cigarette smoking is particularly widespread among men 
with lung cancer (68.8%), while in CG members this percentage is 40.3%. Ex-
smokers from the IG were 25.3%, and 30.8% from the CG. Among the male 
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members of the IG, three were nonsmokers, while their number in the CG was 
21 (27.2%).  

Among the female members of the IG, actual smokers and nonsmokers 
are represented equally, while 50% were nonsmokers among the non-diseased 
persons.  

Where the age when an individual started smoking was in question, the 
greatest percentage of those diseased (44.1%) started smoking before the age of 
15, while among the non-diseased persons the greatest number started smoking 
later (16–20 years of age – 40%)  

More than half of those diseased with lung cancer smoked between 21 
and 40 cigarettes daily (c/d) (56.8%). The group of so-called "passionate" smo-
kers (above 40 c/d) comprised 14% of the patients. Only 2% of the IG members 
smoked less than 10 c/d. In the CG, the greatest number was those who smoked 
11–20 c/d (51.4%), while only 2 (5.7%) smoked more than 40 c/d.     
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Figure 1 – Distribution according to number of cigarettes smoked daily  
(cigarettes per day – c/d) 

Slika 1– Distribucija spored broj na dnevno ispu{eni cigari 
(cigari na den – c/den) 

 
IG – Investigated group 
IG – Ispituvana grupa 

CG – Control group 
KG – Kontrolna grupa 
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The diseased smokers smoked, on average, 29.8 ± 19.9 c/d (min-10; 
max-60 c/d), while the controls smoked 21.6 ± 8.8 c/d (min-7; max-45 c/d).  

The distribution of the interviewees according to length of smoking 
shows the greatest representation in the period of 31–45 years in both groups 
(54.23% – IG; 48.6 – CG). In persons with lung cancer, those having a length of 
smoking above 45 years (25.4%) follow, while in CG that percentage is 14.2%. 
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Figure 2 – Distribution according to length of smoking (years) 
Slika 2 – Distribucija spored dol`ina na pu{a~ki sta` (godini) 

 
IG – Investigated group 
IG – Ispituvana grupa 

CG – Control group 
KG – Kontrolna grupa 

 
Actual smokers in the IG had smoked continuously, on average, 41.1 ± 

11 years, while in the CG the average length of time was 34.2 ± 10.3 years.  
To the question whether they had tried to stop smoking, the greatest 

percentage of the diseased (79.7%) answered negatively, while in the CG 57.1% 
gave a negative answer. 
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Table 2 – Tabela 2 
 

Habit of cigarette smoking and the risk of lung cancer 
Navika za pu{ewe cigari i rizik od pojava na belodroben karcinom 

Variable Cases1 Controls2 Crude OR3 95% CI4 
Smoking habit    
Never smokers 9 28 1.00  
Current and ex-smokers 82 63 4.05 1.78–9.19 
Current smokers 59 35 5.24 2.22–12.39 

Number of cigarettes per day (c/day) 
Never smokers 9 28 1.00  
Current smokers < 20 c/day 17 21 2.52 0.94–6.75 
Current smokers > 20 c/day 42 14 9.33 3.56–24.48 

Duration of smoking (years)     
< 15 years < 20 c/day 1 1 1.00  
> 15 years > 20 c/day 58 34 1.71 0.10–28.17 

Number of cigarettes per day (c/day) and duration of smoking (years) (combined) 
> 15 years < 20c/day 16 22 1.00  
> 15 years > 20c/day 43 13 4.55 1.86–11.12 

1 IG – Investigated group; 2CG – Control group; 3OR – Odds ratio; 4CI – Confidence interval 
1IG ‡ Ispituvana grupa; 2KG ‡ Kontrolna grupa; 3OR ‡ Odnos na dominacija; 
4Interval na doverba 

 
Smokers and ex-smokers have a significantly greater risk of becoming 

ill. They become ill 4.05 times more frequently (95% CI 1.78 < OR < 9.19) 
compared to the non-smokers. If the number of cigarettes smoked is taken into 
consideration, the risk of becoming ill is 2.52 (95% CI 0.94 < OR < 6.75) times 
greater for those who smoke up to 20 c/d compared to the nonsmokers. The risk 
of becoming ill increases significantly in smokers who smoke above 20 c/d (p < 
0.01) and is 9.33 (95% CI 3.56 < OR < 24.48). Smokers who smoke more than 
20 c/d have a 3.71 times significantly greater risk of becoming ill (95% CI 1.54 
< OR < 8.94) compared to those who smoke up to 20 c/d. The risk of becoming 
ill in smokers who have smoked for more than 15 years is almost twice as great 
(95% CI 0.10 < OR < 28.17) compared to those who have smoked for less than 
15 years. On the other hand, the risk of developing lung cancer is 4.55 (95% CI 
1.86 < OR < 11.12) times greater in persons smoking more than 20 c/g for over 
15 years, compared to those who have smoked up to 20 c/d for less than 15 
years. 
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Discussion 
 

Many epidemiological studies define lung cancer as a disease which 
primarily develops in the male sex. It is supposed that the cause of this is 
smoking as well as working with work-related cancerogenes. But the last few 
years have shown an increase of the disease among women, which, to some 
extent, has been connected with the increased number of women smokers [9, 
10]. In 1987, lung cancer replaced breast cancer as a leading cause for cancer 
death in women in the USA. This disease was responsible for the death of about 
67,000 women, which accounted 25% of the deaths caused by cancer in 2000 
[11]. Lung cancer in women, in the USA, has been responsible for the same 
number of deaths as breast cancer and gynecological cancers taken together. 
The cause is the smoking habit. Despite everything that is known about the 
harmful effects of smoking, 1 in 8 women smoke in the USA. It is considered 
that women are more sensitive to the harmful effects of smoking than men. The 
cause of that is: biological difference between the sexes, manifested by incre-
ased CYP1A1 expression, impaired possibility of DNK capacity reparation, and 
the increased incidence of K-ras genetic mutation in women. It is supposed that 
estrogens most probably have a role in tumour genesis [12]. Similar knowledge 
comes from Ben-Zaken Cohen S. et al. [13]. According to them, estrogen and 
components similar to it have a role in the regulation of cytochrome P450 
(CYP) enzyme expression in the lungs and liver, being involved in the metabo-
lism of some components present in cigarette smoke. An important xenobiotic 
substrate for CYPs in cigarette smoke is a polycyclic aromatic hydro carbonate 
which, in its natural form, is relatively harmful in small doses, but when acti-
vated under the action of CYP enzymes, becomes a very toxic substance for the 
lungs. The disease ratio between men and women is different from one country 
to another: Iceland 1.2 : 1; Singapore 3.3 : 1; Belgium 10.9 : 1, Denmark 3.1 : 1; 
France 9.5 : 1; Greece 7 : 1; Italy 8.6 : 1; Luxemburg 7.8 : 1; Netherlands 10.5 : 
1; Spain 8 : 1; Britain 3.5 : 1 [14].  

Of a total of 101 IG members included in the case-control study, 83 
(82.2%) are men and 18 (17.8%) women. The ratio of men to women was 4.6 : 1.  

Each cancer is a consequence of some consequent mutation of genetic 
material in a normal cell. The risk of the disease grows with ageing of the orga-
nism, so the incidence of the cancer logarithm is in linear relation to the logar-
ithm of age. This means that the possibility of cancer occurrence is in a direct 
proportion to the age. Ak et al. [15] made an investigation aiming to research 
the clinico-pathologic characteristics of lung cancer in patients younger than 50. 
The results showed that 12.5% of the total number of diseased people were 
younger than 50 years. More than 90% of them were smokers.  

Results from our own investigation showed that 11.9% of the diseased 
(9 men and 3 women) were younger than 50.  
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Cancer is a disease of ageing and the main cause for morbidity and 
mortality. More than 50% of all cancers occur at above 65 years of age. Accor-
ding to the National Supervision Institute and Cancer Epidemiology in the 
USA, the median age of patients who died from the most frequent cancer tu-
mours (lung, colorectal, lymphoma, leukemia, pancreas, stomach) appearing in 
both genders and in all races ranges from 71 to 77 years. It is considered that the 
cause of this is demographic changes in the USA population as well as incre-
ased possibilities for treatment of some types of cancer [16].  

A performed case-control study pointed out that among the diseased 
persons, there were 13 patients older than 70 (12.9%).  

There is a difference in disease incidence from lung cancer between the 
urban and rural environments. In addition to the significance of urbanization as 
a pollution factor, the Italian evidence indicates that the incidence rate of lung 
cancer in this country registered an increase from 1954 in both genders, alt-
hough only 29% of men and 2.1% of women were smokers. The increase in inci-
dence was followed in urban areas, where the number of vehicles has increased 
10 times over the last 20 years [17]. Our own investigation showed that 87% of 
the diseased persons live in towns, and 75.1% members of the CG.  

Prospective epidemiological studies worldwide have proved the asso-
ciation between the cigarette smoking habit and lung cancer, and indicate that, 
in comparison to nonsmokers, smokers have an approximately 9 to 10 times 
greater risk of developing lung cancer [18]. According to evidence presented by 
Gomez Raposo C. et al. 18,000 new cases of lung cancer are recorded each year 
in Spain. About 80–90 % of the cases of both sexes have been due to cigarette 
smoking. Cigarette smoke contains above 300 chemical substances, 40 of them 
potent cancerogenes. Length of smoking, the number of cigarettes smoked, pas-
sive smoking, genetic predisposition as well as many workplace and cangeroge-
nic substances present in the human environment play a very important role 
[19]. Pesut D and Basara HZ gave evidence that almost half of the population in 
Serbia smoke cigarettes. They analysed the incidence rate and the trend of lung 
cancer development in Serbia during the period 1994 to 2003. Diseased people 
were divided into three categories: smokers, ex-smokers and nonsmokers. Per-
centile representation of some categories among the diseased persons was: smo-
kers – 70.3%; ex-smokers – 17%; and nonsmokers – 12.6%. An increased trend 
of lung cancer was registered in women in all three categories, but much more 
so among smokers [20].  

Our own study showed that the percentage of the diseased male actual 
smokers – 68.8% –  was high. Ex-smokers were 25.3%, and only three persons 
had never smoked cigarettes. Among the women, actual smokers and nonsmo-
kers were represented equally, with 42.9% each.  

Results presented by Gupta et al. [21], showed that 89% of men and 
33% of women who became sick were cigarette smokers. The risk of disease 
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development is as high as 5 times greater (OR = 5.0 95% CI 3.11–8.04) in men, 
and 2.47 (95% CI 0.79–7.75) times greater in women, compared to nonsmokers. 
Smoking, according to them, remains a major risk-factor for the development of 
lung cancer, while other factors play a significant role in women. A performed 
case-control study showed that the greatest percentage of the diseased persons 
had smoked for 31 to 45 years (54.2%). They are followed by those with a 
length of smoking above 45 years (25.4%), a percentage which is not negligible. 
According to the study by Flanders W et al., the length of the smoking is a more 
important factor than the number of cigarettes smoked daily by men in the 
USA. New investigations point to identical results in women [22].  
 
 

Conclusion 
 

In conclusion, our results support the statements that cigarette smoking 
is by far the most important cause of the on-going epidemic of lung cancer in 
Macedonia. The dominant role of active smoking among lung cancer factors has 
generally been recognized. The daily number of cigarettes and duration of smo-
king were significantly associated with lung cancer risk. The risk is higher if a 
person starts to smoke earlier. 

All this indicates the importance of taking measures to point out the 
harmful effects of smoking, with the aim of preventing young people from star-
ting this harmful habit.  
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R e z i m e  
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Cel na studijata e da se sogledaat eventualni kauzalni asocijacii 

me|u navikata za pu{ewe cigari i nastanuvaweto i distribucijata na belo-
drobniot karcinom. 

Istra`uvaweto pretstavuva case-control studija. Vo nea se vklu~eni 
101 pacient zabolen od belodroben karcinom (ispituvana grupa ‡ IG) i 
identi~en broj lica bez maligno zaboluvawe (kontrolna grupa ‡ KG). ^le-
novite na dvete grupi se anketirani vo periodot maj 2006 – maj 2007 godina. 
Zgolemeniot rizik od pojava na zaboluvawe e presmetan so stapki na pre-
dimstvo (Odds ratio – OR), a so intervali na doverba e definirana statis-
ti~kata zna~ajnost na ispituvanite varijabli kako faktori na rizik. 

Navikata za pu{ewe cigari e posebno prisutna kaj ma`ite zaboleni 
od belodroben karcinom (68,8%), dodeka kaj KG toj procent iznesuva 40,3%. 
Vo IG kaj `enite, aktuelnite pu{a~i i nepu{a~ite se ednakvo prisutni. Ak-
tuelnite i porane{ni pu{a~i imaat 4,05 (95%CI, 1,78–9,19) pati signifikan-
tno pogolem rizik da zabolat vo odnos na nepu{a~ite. Rizikot za zaboluvawe 
e signifikantno povisok kaj pu{a~i koi pu{at > 20 cigari/den (c/d) (p < 0,01) 
i iznesuva 9,33 (95%CI, 3,56–24,48), sporedeno so nepu{a~ite. Rizikot od po-
java na belodroben karcinom e 4,55 (95%CI, 1,86–11,12) pati povisok kaj lica, 
koi > 15 godini pu{at > 20 c/d, sporedeno so onie koi pu{at < 15 godini < 20 c/d. 

Realiziranata studija go potvrduva ve}e etabliranoto soznanie 
deka pu{eweto e eden od glavnite rizik faktori za појава na karcinom na 
beli drobovi. Glavniot akcent vo prevencijata treba da se naso~i kon za-
poznavawe na mladite so {tetnite efekti od pu{eweto, so cel da se spre-
~at vo заpo~nuvawe so ovaa navika. 

 
Klu~ni zborovi: neoplazma na beli drobovi, pu{ewe. 
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