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Background & objectives: Ischaemic heart disease (IHD) has been one of the leading causes of mortality
in the world. In many European countries the mortality rates due to IHD have been rising rapidly. This
study was aimed to assess the IHD mortality trend in Serbia.

Methods: A population-based cross-sectional study analyzing IHD mortality in Serbia in the period
1991-2013 was carried out based on official data. The age-standardized rates (ASRs, per 100,000) were
calculated using the direct method, according to the European standard population. Joinpoint analysis
was used to estimate the average annual percentage change (AAPC) with the corresponding 95 per cent
confidence interval (CI).

Results: More than 253,000 people (143,420 men and 110,276 women) died due to IHD in Serbia during the
observed period, and most of them (over 160,000 people) were patients with myocardial infarction (MI).
Average annual ASR for IHD was 113.6/100,000. There was no overall significant trend for mortality due
to IHD (AAPC=+0.1%, 95% CI —0.8-1.0), but there was one joinpoint: the trend significantly increased
by +2.3 per cent per year from 1991 to 2006 and then significantly decreased by —6.4 per cent from 2006
to onwards. Significantly decreased mortality trends for MI in both genders were observed: according
to the comparability test, mortality trends in men and women were parallel (final selected model failed
to reject parallelism, P=0.0567).

Interpretation & conclusions: No significant trend for mortality due to IHD was observed in Serbia
during the study period. The substantial decline of mortality from IHD seen in most developed countries
during the past decades was not observed in Serbia. Further efforts are required to reduce mortality
from IHD in Serbian population.
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Ischaemic heart disease (IHD) was the leading
killer disease during the last decades in the world'2.
According to the World Health Organization (WHO)
estimates, IHD caused 7.4 million deaths in the
world in 2012 (this represents about 13.2% of all

746

deaths globally), up from 6.0 million (11.3%) deaths in
2000'. IHD alone has been the most common cause of
death in Europe, accounting for nearly 2 million deaths
each year: approximately 22 per cent of all deaths in
women and 21 per cent of all deaths in men?.
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In 2013, the number of people who died from IHD
worldwide was more than 8.1 million, representing
an increase of 41 per cent from 1990: the global
increase in deaths was a result of population ageing
(52.5% increase from 1990) and population growth
(23.6% increase from 1990)°. In addition, IHD was
the leading cause of years of life lost due to premature
mortality in 2001*. Three-fourths of global deaths
due to IHD occurred in the low- and middle-income
countries’. Currently, IHD is a growing problem in
most of the developing regions of the world*®.

In the past decades, mortality rates from IHD
have been generally higher in Central and Eastern
Europe than in other regions'?. Mediterranean
countries (such as Spain, Greece) have been
historically considered as those of ‘low risk’ for
IHD?. Since 1970s, death rates from IHD have been
falling rapidly in North America and many Northern
and Western European countries but rising rapidly in
some Central and Eastern European countries*’. The
main exception was Slovakia and several countries
in Latin America, where rates varied very slightly
from year to year during the last decades'?. Around
two-thirds of the decline in IHD mortality were due
to a decline in exposure to cardiovascular risk factors
and the remaining one-third was due to improvements
in treatment!®. The aetiology of THD has not been
entirely elucidated, but advancing age, tobacco use,
overweight/obesity, high level of blood cholesterol,
hypertension and diabetes mellitus were recognized
as risk factors for IHD''. There is no direct evidence,
but some contemporary risk factors (such as infectious
agents, C-reactive protein, efc.) have been associated
with IHD'>"3,

Serbia is a small country in Southeast Europe.
Former studies'*!> on THD in Serbia were aimed to
assess only patterns within country regions. The aim
of this study was to assess the IHD mortality trend in
the entire Serbia from 1991 to 2013 and to compare
the similarities and differences in mortality with other
parts of the world.

Material & Methods

Annual data on the number of deaths due to
IHD - codes 410-414 in the 9" and codes 120-125 in
the 10" revision of the International Classification of
Diseases (ICD)'*!7 were obtained from the National
Statistical Office of the Republic of Serbia for the period
1991-2013 (unpublished data). The data about the
deceased from myocardial infarction (MI: code 410 in

the 9" and codes 121-122 in the 10" revision) were
presented separately.

All  deaths occurring in Serbia were
registered with the statistical report on death!'®
(DEM-2 form), which contained a death certificate,
form for registration of the main cause of death.
Death certificates in Serbia are granted by an
authorized physician in the healthcare organization,
a coroner or a forensic doctor. Death certificate
is coded and processed at the local public health
institute where certain disease is specified as the
underlying and/or immediate cause of death. The
death certificate passes through several levels of
control and verification (from the local registrar to
the referral public health institute). The procedure is
consistent throughout the entire Serbia. The quality
of the data was provided by certified physicians by
checking the accuracy of the death certificate data,
the selection of the main cause of death and the
coding of the cause of death. If necessary, death files
are corrected by another trained medically qualified
staff (medical doctor or a specialist). In Serbia,
from 1991 to 1996 data about the cause of death
were classified by the ICD 9 revision', and since
1997, the data processing of mortality statistics was
based on the ICD 10" revision®’. The proportion of
deaths assigned as ‘symptoms, signs and ill-defined
conditions’ (ICD 9™ revision codes 780-799 and ICD
10" revision codes R00-R99), as one indicator of the
quality of coding in the registration system, was on
average <10 per cent and indicated the quality of
the mortality data in Serbia as of medium-quality in
the observed period. The completeness of mortality
database of Serbia was 98 per cent in 2000%'.

Data about the Serbian population were extracted
from demographic statistics database from the
Statistical Office of the Republic of Serbia. Data for
the Republic of Serbia, without the Autonomous
Province of Kosovo and Metohija (for which data
are unavailable since 1998 and which declared itself
independent in 2008), were included in the analysis.
The Serbian population data were provided on the
basis of official censuses in 1991, 2002 and 2011, while
for inter-census years, the estimates of the resident
population were obtained from the State Statistical
Office database®. The analysis was conducted on the
entire Serbian population (approximately 7.2 million
inhabitants in 20132?). The data on internally displaced
persons and refugee population in Serbia were also
included in the analysis.
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This study was approved by the Ethics Committee
of the Faculty of Medical Sciences, University of
Kragujevac (protocol: 01-4801).

Statistical analysis: Age- and sex-specific and
age-standardized rates (ASRs, using the European
standard population and the method of direct
standardization) were calculated. Rates were expressed
as deaths per 100,000 persons. Age-specific mortality
rates were calculated for the age interval from 0 to 80
and over by 10-yr periods. The results are not shown
for the subgroups aged <30 yr because fewer than five
cases of IHD deaths occurred in each of the decennium
in any year.

Mortality trends from IHD were assessed using
the joinpoint regression analysis (Joinpoint regression
software, Version 4.0.4 - May 2013; Statistical
Methodology and Applications Branch, Surveillance
Research Program of the U.S. National Cancer Institute;
Bethesda, MD, USA), as per the method proposed
by Kim et al”®. Joinpoint analysis was performed
to identify the points at which a significant change
of direction in the trend occurred for IHD mortality
(also called ‘joinpoints’). The true number of joinpoints
was verified with the Monte Carlo Permutation
method® with 4499 randomly selected data sets. The
analysis starts with the minimum number of joinpoints
(i.e., 0 joinpoint, representing a straight line) and tests
for model fit with a maximum of five joinpoints in each
analysis. The Grid Search Method* was used to fit the
segmented line regression where the joinpoint estimates
occur at discrete grid points and to determine the best fit
for each individual model. Results are presented as the
annual percentage change (APC) between successive
change points. In addition, the average APC (AAPC)
over entire study period was calculated®. All estimates
are presented with 95 per cent confidence intervals
(ClIs). Comparability test was used to assess disparities
in mortality trends according to age and gender®.

Comparison with the World Health Organization
(WHO) mortality data

The comparison of the mortality from IHD in
Serbia with the corresponding rates from selected
European countries was performed using Serbian
population-based data and estimates from the WHO
Regional Office for Europe?’. The mortality rates from
IHD, standardized to the European population, were
compared for the beginning and the end of the study
period (or last available).

Results

More than 253,000 persons (143,420 men
and 110,276 women) died due to IHD in Serbia
in 1991-2013, and most of them (over 160,000 of
deceased, nearly 65% of all) were patients with MI
(Table I). The average annual ASR for MI was higher
in men (103.0 per 100,000) than in women (48.0), as
well as the average ASR for IHD overall (149.8 in men
and 83.1 in women).

There was no overall significant trend for mortality
of IHD in Serbia over the entire observation period
(AAPC=+0.1%, 95% CI -0.8-1.0), but joinpoint
regression analysis showed that the mortality
significantly increased by +2.3 per cent per year from
1991 to 2006 and then significantly decreased by
—6.4 per cent from 2006 onwards (Fig. 1).

Significantly decreasing trends in MI mortality were
observed in men and women (Fig. 2). Among men, a
significant decrease of MI mortality from 1991 to 2007
(by —1.5% per year) was followed by a marked decrease
(by —6.0% per year). In women, after a non-significant
increase from 1991 to 1995 (+3.8% per year), MI death
rates began to significantly decline in 1995-2001 period
(by —3.8% per year), but then showed a non-significant
increase from 2001 to 2006 (+1.2% per year) followed
by a significant downwards trend in the last eight years
of the observed period (by —6.9% per year). According
to the comparability test, mortality trends from MI in
men and women were parallel (final selected model
failed to reject parallelism, P=0.0567).

The negligible gender differences between
mortality trends from MI by age were presented in
Table II: in both genders, a significant declining trend
was evident, only in women in the oldest age group
(80+ years) an upwards trend (+0.5% per year) was
present but without significance. Significant decline in
MI mortality in men was observed in all age groups
since 1991, with greater decrease starting from 2008.
Significant declining trends in MI mortality were
observed for women aged 30-49 yr for the entire period.
There was also a significant decrease of MI mortality
among women aged 50-79 after the mid-2000s.

The mortality ASRs in Serbia for 1991 and 2013
against European estimates are presented in Fig. 3. The
ASRs of IHD in Serbia were higher than the mortality
in Mediterranean countries (such as Portugal, Spain
and Italy) both in beginning and end year of the study
period. IHD mortality rates in Western and Northern
Europe in 1991 were higher than rates in Serbia while
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Table I. Ischaemic heart disease mortality for men and women in Serbia (excluding the Autonomous Province of Kosovo and Metohia)
during 1991-2013
Year Mortality in men (/100,000) Mortality in women (/100,000)

Ischaemic heart disease Myocardial infarction Ischaemic heart disease Myocardial infarction

n ASRs n ASRs n ASRs n ASRs

1991 5265 141.8 4358 3016 65.0 2370 50.9
1992 5627 150.5 4840 3209 67.9 2617 55.1
1993 5588 146.7 4815 3301 68.5 2727 56.3
1994 5435 139.7 4680 3301 66.8 2686 54.1
1995 5295 134.4 4515 3285 65.2 2661 62.7
1996 5416 135.2 4761 3403 66.3 2909 56.7
1997 6127 155.5 4858 4238 82.8 2931 56.3
1998 6224 157.6 4692 4581 87.9 2850 52.9
1999 6371 159.7 4647 4621 88.2 2653 48.9
2000 6644 167.5 4637 4992 93.1 2773 50.0
2001 6542 161.6 4475 5027 92.2 2661 472
2002 6604 162.3 4340 5525 101.0 2873 50.8
2003 6792 165.8 4331 5520 99.2 2724 47.5
2004 6596 158.4 4124 94.7 5625 96.4 2749 45.8
2005 7606 179.6 4664 106.7 6462 108.0 3092 51.3
2006 7377 170.2 4667 105.7 6388 104.0 3118 51.3
2007 6802 154.1 4245 95.7 6019 94.1 2911 46.4
2008 6914 154.6 4138 92.7 5978 91.4 2707 42.7
2009 6756 148.3 3984 88.3 6115 91.0 2670 41.3
2010 6459 139.4 3798 83.3 5620 82.3 2526 38.4
2011 5846 125.5 3401 74.3 4774 68.6 2157 325
2012 5710 121.7 3327 71.0 4843 70.1 2286 34.0
2013 5424 114.7 3225 68.7 4433 62.2 2106 30.8
Overall 143,420 149.8 99,522 103.0 110,276 83.1 61,757 48.0
ASRs, age standardized rates (using European standard population)

in 2013, these rates were lower (except in Finland).
In the countries of Western, Northern, Central and
Southern Europe, mortality rates in 2013 were
significantly lower than rates in 1991. On the contrary,
in most East European countries (such as Ukraine,
Russian Federation, Republic of Moldova, Belarus,
Kyrgyzstan), IHD mortality rates were higher in 2013
compared to 1991. The mortality of IHD in the Serbian
population (94.7/100,000) was above the average
mortality rates in European Union (75.9/100,000) in
2013.

Discussion

Serbia ranks among the countries with intermediate
mortality rates for IHD in the world. There was no
overall significant trend for mortality of IHD over

the entire observation period: a significant increase in
mortality rates was observed at the beginning, with a
significant decrease in mortality reported in the end of
study period.

According to the recent available data for European
Region (2010), the highestmortality rates for IHD inboth
genders were observed in Eastern and Central Europe
(Republic of Moldova - 496.2 per 100,000 persons,
Ukraine - 491.9), very high rates were recorded in
the Russian Federation - 349.4 and Lithuania - 313.9,
high rates were recorded in Slovakia - 260.7 and
Croatia - 164.2, intermediate rates were observed in
Germany - 80.9 and the United Kingdom - 77.2, and
the lowest rates were noticed in France - 30.3%. In
addition, the highest rates among men were recorded
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Fig. 1. Ischaemic heart diseases mortality trend in Serbia (excluding the Autonomous Province of Kosova and Metohia), 1991-2013; joinpoint

analysis: all: 1 joinpoint.
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Fig. 2. Myocardial infarction mortality in Serbia (excluding the Autonomous Province of Kosova and Metohia), by gender, 1991-2013; joinpoint

analysis: Men: 1 joinpoint versus women: 3 joinpoints.

in Ukraine (656.3) and Republic of Moldova (597.0),
and the lowest rates were found in France (47.3) and
Portugal (55.0). Similarly, the lowest rates in women
were recorded in France and Spain (17.5 and 26.8,
respectively) while the highest rates were noticed in
Republic of Moldova and Ukraine (424.3 and 391.5,
respectively). With a rate of 86.0 in 2010, Serbia was
ranked among the countries with intermediate mortality
rates of IHD. The highest rates across the countries of
the former Eastern Bloc likely reflect the rapid social

and economic changes during the transition period
since 1980s??%, The main contributor to the high
mortality rates of IHD was high smoking prevalence?!.

During the last decades of the 20" century, IHD has
demonstrated a declining trend of deaths in both men
and women throughout more developed regions: in
Western and Northern European countries (in the United
Kingdom, Finland) and worldwide (in the United States
of America, Australia)"->?. At the beginning of the 21
century, the decline was also recorded in Japan?, and
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Fig. 3. Ischaemic heart diseases mortality, World Health Organization 1991 and 2013 estimates (Source: Ref 27).

Table II. Trends in age-specific myocardial infarction rates in
Serbia (excluding the Autonomous Province of Kosovo and
Metohia) by gender, 1991-2013: Joinpoint analysis
Age' Men Women
) Period APC Period APC
30-39 1991-2013 —4.7" 1991-2013 =5.1"
40-49 1991-2008 2.7 1991-2013 —4.4"
2008-2013 -9.1"
Full period® -3.7
50-59 1991-2006 -L.1 1991-2002 -0.2
2006-2013 6.7 2002-2013 —6.3"
Full period -2.5" Full period -3.3"
60-69 1991-2008 -1.7 1991-2006 -1.1"
2008-2013 —8.3" 2006-2013 -9.9"
Full period 2.7 Full period 3.4
70-79 1991-2008 -1.3" 1991-2007 —0.4
2008-2013 -7.0" 2007-2013 =7.0"
Full period -2.2° Full period -1.7
80+ 1991-2013 -0.9" 1991-2013 +0.5
“Significant trend; "Joinpoint results are not shown for the
subgroups aged <30 yr, because <5 cases of myocardial
infarction deaths occurred in each of the decennium in any
year; °For full period presented AAPC. APC, annual per cent
change; AAPC, average APC

France®. In contrast, in some countries in Eastern
Europe (such as Ukraine, Kyrgyzstan), as well as
some other countries (Mexico, Republic of Korea), the

increase in mortality from IHD was recorded”. More
than half of the IHD mortality decrease in developed
countries was attributed to favourable population risk
factor trend (principally declining smoking prevalence,
mean cholesterol concentrations and blood pressure
levels) while the remaining minor part was due to
improvements in medical and surgical treatment'*3'-*2,
The mortality rate from IHD began to decline earlier
in the countries where the tobacco control started to
be implemented earlier (such as the USA, the United
Kingdom, Australia). The plateaus in IHD mortality
among young population may be partly linked to
the increased rates of obesity and diabetes that have
occurred over the same period in some of developed
countries®. However, the recent increasing trends in
some Eastern European countries suggest that other
factors (including mainly obesity, physical inactivity,
diabetes and dietary factors), besides smoking, may
have influenced the THD mortality®?’. Reasons for
the substantial declines in mortality rates of IHD in
Serbia since 2006 were not completely elucidated.
Decreased smoking, particularly in men, has been
widely recognized as the main contributor to the
decreases in mortality trends from IHD in Serbia*.
The antismoking campaign in Serbia might have
contributed to a decrease in the number of smokers
by 6.9 per cent in 2006 (by 9.8 and 3.8% in men
and women, respectively)*. The WHO Convention
on Tobacco Control entered into force in Serbia in
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June 2006, followed by other activities on tobacco
control®**. In addition, improvements in diagnostic
and therapeutic technologies, re-establishment of a
regular supply of drugs (including better treatment of
hypertension, hyperlipidaemia and diabetes mellitus),
and general improvements in living conditions
probably contributed to the decreasing IHD mortality
noted in Serbia®.

Like in the other European countries, mortality
rates for MI were substantially higher in males than
females in Serbia that could be due to differences in
age, smoking habit, diabetes and alcohol use between
men and women. In Serbia, MI mortality pattern was
characterized by an initial decrease and followed by
a sharp decline since 2007 (less pronounced declines
observed in eldest women during the study). With
exception of older women, mortality from MI in Serbia
declined since 1991 in all age groups in both genders.
The National health surveys (2000, 2006, 2013)*
have shown that the prevalence of cardiovascular
risk factors (such as smoking, obesity, diabetes
mellitus, hypertension, hyperlipidaemia) in Serbian
population was higher in comparison to the majority
of the neighbouring countries and other European
countries'*!"-3,

The strength of this study was that this was a
nationwide study. Furthermore, the death registration
system was uniform over entire Serbia, with
comprehensive coverage by death registration system
across the country. Mortality data in Serbia was
evaluated as medium quality based on the WHO criteria
(criterion used: completeness reporting is >90% and
ill-defined causes and injury deaths with undetermined
intent appear on <10% of registrations)’’ and thus
enabled comparison with other countries.

The lack of data on the incidence of IHD and
survival rates in Serbia in the observed period was
a limitation of our study. Acute coronary syndrome
population register was established in 2006 in Serbia.
In this study, data were collected for the period during
which the definition of MI was amended in 2000.
The definition of MI (and IHD) should be resistant
to changes over time so that temporal trends in the
mortality of MI can be evaluated®®. The inability to
specifically analyze the trend of IHD mortality in a
population of refugees and internally displaced persons
in Serbia was also a limitation of this study.

In conclusion, there was no significant trend for
mortality of [HD in Serbia over the entire observation

period. Additional analytical epidemiological research
on risk factors for IHD among the Serbian population
is needed.
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