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Summary

Purpose: To estimate the death rates for lung cancer and
their secular trends in the population of Serbia, excluding
the autonomous province of Kosovo and Metohia, over the
1991-2009 period.

Methods: A descriptive epidemiological method was em-
ployed. Trend of the lung cancer mortality rates was esti-
mated using joinpoint linear regression analysis. An aver-
age annual percentage of change (AAPC) was computed for
trend using linear models assuming a Poisson distribution,
and the corresponding 95% confidence interval (CI).

Results: The mortality rate from lung cancer in Serbia
ranks as the highest in the world, and it has been increasing
continuously from 1991 (AAPC = + 1.9; 95% CI=1.7-2.2).
A significant increase in mortality was present in both the
male population (AAPC = + 1.4; 95% CI=1.2-1.6), and the
female population (AAPC = + 3.9; 95% CI=3.6-4.3). How-

Introduction

Lung cancer was the leading cause of can-
cer-related deaths in males in 2008 globally, and
the second leading cause of cancer-related deaths
among females [1]. Lung cancer ranks nearly fifth
of all cancer deaths worldwide, with significant
geographic variations in frequency and distribu-
tion [1-3].

The mortality rate from lung cancer in Ser-
bia for males and females taken together ranks
third in the world, after the rates in Hungary and
French Polynesia [2]. Lung cancer mortality is
more than twice as frequent in men than in wom-
en [3,4]. In males, the highest lung cancer death
rates are in Central and Eastern Europe, and then
North America, Eastern Asia and Western Europe

ever, a significant decline in lung cancer mortality in men
was seen in some age groups. In young men (35-39 and
40-44 years age groups), lung cancer death rates decreased
continuously from 1991, by - 5.1% and - 2.6% per year,
respectively. Among men in the 45-49 years age group, a
marked increase of lung cancer mortality was observed
from 1991 to 1998 (by + 6.5% per year), followed by sig-
nificant decrease (- 1.9% per year). Among women, only in
the youngest age group (35-39 years) a declining trend was
present (- 0.6% per year), yet without significance.
Conclusion: Lung cancer mortality rates in Serbia indi-
cate the importance of consistent application of measures
of primary and secondary prevention that have been proven
effective in other countries.
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[2]. In females, the highest lung cancer death rates
are found in North America, North Europe, and
Eastern Asia.

Since the 1980s, lung cancer mortality rates
have been declining in most developed countries,
but not in all of them [4-6]. Despite the persis-
tent decline of lung cancer in males in the United
States of America and the European Union (each
by - 1.9% per year), the trends of lung cancer mor-
tality in females continuously rise (by + 0.3% and
+ 1.7% per year, respectively) [5,7]. It is consid-
ered that the major contribution for the decrease
in lung cancer mortality rate is attributable to re-
duction in tobacco smoking [8,9].

The aim of the present study was to estimate
death rates for lung cancer in the population of
Serbia and their trends during the period 1991-2009.
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Table 1. Lung cancer mortality in Serbia by gender, excluding the autonomous province of Kosovo and

Metohia, in the 1991-2009 period

Men Women
Year N Crude rate ASR N Crude rate ASR
1991 2537 68.27 45.63 535 13.79 8.00
1992 2709 72.88 47.93 598 15.39 8.89
1993 2685 72.16 46.82 585 15.03 8.66
1994 2692 72.29 46.32 641 1644 9.23
1995 2777 74.52 47.22 652 16.71 9.27
1996 2980 80.04 50.05 676 17.34 9.45
1997 3075 82.71 51.02 718 18.35 10.11
1998 30206 81.78 49.56 705 18.11 9.79
1999 2996 81.38 48.96 764 19.61 10.52
2000 3151 85.62 50.85 857 22.04 11.73
2001 3113 85.10 50.01 851 21.97 11.53
2002 3261 88.97 52.32 907 2349 12.33
2003 3295 90.03 52.08 945 2444 12.61
2004 3421 93.88 54.08 997 25.85 13.23
2005 3521 96.93 55.55 1021 26.50 13.22
2006 3713 10248 57.89 1142 29.83 15.12
2007 3686 10248 57.51 1099 28.90 14.46
2008 3780 10543 58.97 1175 31.03 15.58
2009 3752 105.14 58.36 1303 34.46 16.80

ASR: age standardized rate (per 100 000, using World Standard Population)

Methods

A descriptive epidemiological method was used.
Data on individuals who died of lung cancer (code 162
revision 9 and codes C33-C34 revision 10 of the Inter-
national Classification of Diseases to classify death,
injury and cause of death) were obtained from the Sta-
tistical Office of the Republic of Serbia. The research
included the entire population of the Republic of Ser-
bia (all ages), excluding the Province of Kosovo and
Metohia, from 1991 to 2009. The age groups < 34 years
were not included, because there were too few cases to
allow for mortality rates calculation and analysis. Data
on the number and composition of the population of
the Republic of Serbia by gender and age were obtained
from the population censuses in the years 1991 and
2002 and, for inter-census years, the estimates pub-
lished by the Statistical Office of the Republic of Ser-
bia were used. The age-standardized rates (per 100,000
people) were calculated by direct standardization, us-
ing the World Standard Population as proposed by Segi
et al. [10].

Trends of the lung mortality rates were estimated
using joinpoint linear regression analysis. At each line
segment, trends in age-standardized rates (ASRs) were
measured using the annual percent change (APC) and
the corresponding 95% CI. Each joinpoint (if any) marks
a significant change in trend, and AAPC was computed
for trend using linear models assuming a Poisson dis-
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tribution. Two-sided p values were considered to indi-
cate statistical significance when they were less than
0.05. Joinpoint regression analyses were performed us-
ing Joinpoint regression software (version 3.0), availa-
ble through the Surveillance Research Program of the
US National Cancer Institute.

Results

Table 1 shows the number of deaths, crude
death rates and ASRs of lung cancer by gender
in Serbia, during the period 1991-2009. Over this
19-year period, there were 76,341 lung cancer
deaths (60,170 men and 16,171 women). The av-
erage annual ASRs were 51.64/100,000 for males,
and 11.61/100,000 for females (male/female ratio
=4.5).

During the period observed, lung cancer mor-
tality rates increased continuously and signifi-
cantly (AAPC = + 1.9; 95% (CI=1.7-2.2) (Figure 1).

A significant increasing mortality trend was
present in both the male population (AAPC = +
1.4; 95% CI=1.2-1.6), and the female population
(AAPC = + 3.9; 95% CI=3.6-4.3; Table 2). However,
there were some differences in trends of age-spe-
cific mortality rates. In young men (35-39 and
40-44 years age groups) lung cancer death rates
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Table 2. Joinpoint regression analysis of lung cancer mortality in Serbia by gender and age in 1991-2009, ex-

cluding the autonomous province of Kosovo and Metohia

1991-2009 Trend 1 Trend 2
Average
Age§ age-specific rates AAPC (95%CI) Years APC (95%CI) Years APC (95%CI)
(per 100,000)
Males
35-39 74 -5.1% (-74 to -2.8)
40-44 24.8 -2.6%(-3.8t0-14)
45-49 62.7 +1.3* (04-2.2) 1991-1998  + 6.5% (4.5-8.5)  1998-2009 -1.9* (-2.8 to -0.9)
50-54 120.1 + 1.1 (-0.8-3.0) 1991-2007  +2.3*(1.7-3.0) 2007-2009 -84 (-23.1-9.1)
55-59 184.6 +2.2%(1.2-3.2) 1991-1998 -04 (-2.5-1.7) 1998-2009  + 3.9* (2.8-5.0)
60-64 260.7 +1.0* (0.1-1.9) 1991-2001 -0.8(-1.9-04) 2001-2009  +3.2* (1.5-5.0)
65-69 324.5 +0.8% (0.5-1.2)
70-74 352.8 +2.0* (1.6-24)
75-79 322.3 +3.0* (2.2-3.8)
80-84 234.6 +3.7% (2.6-4.8)
85+ 137.8 +3.0* (0.7-5.3)
All males +1.4* (1.2-1.6)
Females
35-39 33 - 0.6 (-4.6-3.7)
40-44 9.6 +1.8(-0.1-3.8)
45-49 17.4 +4.3*% (2.7-5.9)
50-54 31.0 + 04* (54-7.3)
55-59 40.3 +5.2% (3.7-6.9)
60-64 48.7 +4.1* (3.3-5.0)
65-69 452 +3.0% (2.1-3.8)
70-74 71.8 + 3.6% (2.7-4.4)
75-79 74.5 +3.3% (24-4.1)
80-84 65.0 +3.6% (2.1-5.2)
85+ 464 +1.9(-0.3-4.2)

All females + 3.9% (3.6-4.3)

* Joinpoint significantly different from zero at alpha = 0.05; S Joinpoint results are not shown for the age subgroup < 34, because there were

less than 10 cases in any year.

AAPC: average annual percent change, APC: annual percent change, CI: confidence interval

decreased continuously from 1991, by - 5.1% and
- 2.6% per year, respectively. In men 65 years
and older, age specific mortality rates increased
continuously over the entire study period. In mid-
dle-aged men (45-64 ages) two patterns of chang-
es in lung cancer mortality were observed. Among
men in the 45-49 age group, a marked increase
of lung cancer mortality from 1991 to 1998 (by
+ 6.5% per year) was followed by significant de-
crease (- 1.9% per year). In men 50-54 years old,
after a significant increase from 1991 to 2007
(+ 2.3 % per year), lung cancer death rates began
to decline in the last 3 years of the period ob-

served, but not significantly (- 8.4 % per year). In
men 55-59 and 60-64 years old nonsignificant de-
cline of mortality rates (by - 0.4% and - 0.8% per
year, respectively) were followed by significant
increase from 1998 (+ 3.8% per year), and 2001,
respectively (+ 3.2% per year).

Among women, in all age groups from 45 to
84 years, a significant rise in lung cancer death
rates was observed continuously from 1991. Only
in the youngest age group (35-39 years) a declin-
ing trend was present (- 0.6% per year), but with-
out significance.
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Figure 1. Joinpoint regression analysis of lung cancer mortality in Serbia, excluding the autonomous province
of Kosovo and Metohia, in the 1991-2009 period. ASR (W): age standardized rate (per 100 000, using World
Standard Population); APC: annual percent change; CI: confidence interval; * The APC change is statistically

significantly different from O (two-sided p < 0.05).

Discussion

Death rates from lung cancer in Serbia, ex-
cluding the Autonomous Province of Kosovo and
Metohia, are among the highest in the world and
with increasing tendency. The mortality rates for
lung cancer in Serbia (37.3 per 100,000) in 2008
are similar to those in Central and Eastern Euro-
pean countries (such as Hungary - 46.0, Arme-
nia - 35.8, Poland - 34.9) [2]. Far less rates were
observed in most of European countries (such as
United Kingdom - 25.9, Russian Federation - 22.4,
Finland - 16.9, Portugal - 15.7), and Asian coun-
tries (China - 28.7, Japan - 17.4, India - 5.9). In
the last years of the period observed, the mortal-
ity rates from lung cancer in Serbia were similar
to those in United States of America registered in
1970s [2], and to the mortality rates in the Europe-
an Union as a whole, in the late 1980s when they
reached the peak [11].

The mortality rate from lung cancer in Serbia
increased markedly in the last two decades, both
in males and females. Our results are in contrast
to the pattern seen in men in developed countries,
such as the most of European countries (lung can-
cer rates declined by - 0.95% per year from 1987
to 1997, and thereafter declined substantially by
-2.67% per year) and the United States of America
(by -2.0% per year for males of all races/ethnici-
ties) [5,12]. Among men in 36 European countries
in the 1970-2007 period, only two countries re-

JBUON 2013; 18(3): 726

corded a significant increase in mortality rates
from lung cancer (Romania by + 0.9% per year,
and Portugal by + 0.5%) [6]. At the same time, in
women, increasing lung cancer mortality trend
was found in all Western and Northern Europe-
an countries, and in most Eastern and Southern
European countries. Different patterns were only
observed for lung cancer death rates in women in
four European countries. Continuous decreasing
trend in women was observed during the 1970-
2007 period in Ukraine (- 2.8% per year), Belarus
(- 2.4%), Russian Federation (- 1.7%), and Bulgar-
ia (- 1.0%) [6].

As already stated, the total lung cancer mor-
tality rates in Serbia increased significantly in
both men and women. However, in men 35-44 and
45-49 years old significant decreasing trends were
detected during longer or shorter periods of time.
Our results are similar to the lung cancer mortal-
ity trends among younger age groups for males
in Russian Federation and Ukraine [13], and Spain
[14]. In women in Serbia, only in the 35-39 years
age group a modest, not significant decreasing
trend was found. During the period 1980-2001, in
several European countries (Russian Federation,
Ukraine, Lithuania and United Kingdom), a de-
cline in lung cancer mortality in young women
(20-44 years) was observed [15]. However, lung
cancer mortality continuously increased among
women of the same age groups in France, Germa-
ny, Hungary, Italy, the Netherlands and Norway,
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as well as in the European Union as a whole [15].

About 90% of lung cancers in men and 83%
in women in developed countries are caused by
smoking [16]. In Serbia, 82.8% of the lung cancer
burden for men and 90.2% for women was attrib-
utable to smoking [17]. Levels and changes in the
prevalence of smoking may explain both differenc-
es in lung cancer morbidity and mortality among
countries and between men and women, and de-
creasing and increasing trend of lung cancer rates.
The tobacco exposure in Serbia is still higher than
in developed countries. According to data for the
Belgrade population there were 49% male and
25% female smokers in the years 1976-1977, and
51% male and 37% female smokers in the years
1988-1989 [18]. Thanks to antismoking campaign
which was intensified from 2000, in 2006 in Ser-
bia 33.6% of the population were smokers (38.1
males vs 29.9% females), suggesting a reduction
of the smoking rate by 6.9% in comparison with
2000, when the habit was 47.9% among men and
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