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Abstract. Road traffic injuries (RTIs) are a serious public health priority for 
policy intervention, both in the world and in Republic of Macedonia. Main 
objective was to identify the RTIs risk factors, estimate the burden they cause in 
Macedonia, as well as to compare it with Europe. The survey is a cross-
sectional study which analyses official data from Ministry of Inferior, State 
Statistical Office, medical records for RTIs, Institute for Health Measures and 
Evaluation and Health for All databases (HFA) for 2015. World Health 
Organization (WHO) method has been applied to estimate the burden of RTIs 
and WHO standard information and communication technology (ICT) - 
software application was used to calculate years of life lost (YLLs), years lost 
due to disability (YLDs), and disability adjusted life years (DALYs) caused by 
RTIs in Macedonia in 2015. Three hypotheses have been tested and confirmed. 
The total burden of RTIs in Macedonia is 4.960 DALYs lost, i.e. 3.134 YLLs, 
and 1.826 YLDs. The burden in males is almost three times higher than in 
females. Most vulnerable road users are in 15-44 age groups, i.e. those with 
biggest biological and economic potential. There is no statistically significant 
difference between Macedonia and Europe in the percentage participation of 
RTIs in the total burden of diseases and injuries. Multisectoral cooperation is 
crucial for implementation of evidence based policy interventions for road 
safety promotion. Application of more sophisticated and cost effective ICT 
methods and applications are needed for RTIs prevention and road safety. 

Keywords: Road traffic injury ⸱ Burden ⸱ DALY ⸱ Intervention ⸱ Information 
and communication technology.  

1   Introduction 

Findings from the studies worldwide show that RTIs as a cause of morbidity and 
mortality, have a great share in the burden of diseases and injuries. Data from WHO - 
Health statistics and information systems suggest on approximately 76.02 million 
disability adjusted life years lost (DALYs) as a result of RTIs globally, or 2.8% of the 
total burden of diseases and injuries [1]. The road traffic traumatism, both in the 



world and in the Republic of Macedonia, is serious public health problem and priority 
for evidence based policy intervention. Number of deaths, injured, high level of 
disability, and huge economic costs are justifying the need of applied Information and 
Communication Technology (ICT) in road traffic safety research.  

The third Global status report on road safety shows that low and middle-income 
countries are hardest hit, with double the fatality rates of high-income countries and 
90% of global road traffic deaths. RTIs are the leading cause of preventable death; 
leading cause of death among young people aged between 15 and 29 years, and cost 
governments approximately 3% of Gross domestic product (GDP). Vulnerable road 
users – pedestrians, cyclists, and motorcyclists make up half of these fatalities [2].  
RTIs participate with 34% in the total number of injuries in Macedonia and about 
50% of all injury related deaths in children and adolescents (3). Children and young 
people aged up to 24 years accounted for 43.6% of the total number of injured and 
26.5% deaths in road traffic accidents (RTAs) [3, 4].  

Emphasizing their significance and complexity, a consistent and comparative 
description of the burden and risk factors of RTIs is an important input to decision-
making and planning processes. It requires targeting of all possible resources in order 
to take appropriate specific public health measures for RTIs prevention. The obtained 
results show us the early effects of the implementation of the Second National 
strategy for improving traffic safety on the roads in Macedonia 2015-2020 [5] in 
accordance with the recommendations of the Decade of Action for Road Safety 2011-
2020 [6]. 

Main objective was to identify the risk factors and estimate the burden of RTIs in 
Macedonia as well as to compare it with the RTIs burden in Europe.  

2   Material and methods 

The survey is designed as a cross-sectional study which analyses official data from 
Ministry of Internal Affairs, State Statistical Office, hospital medical records for 
RTIs, Institute for Health Measures and Evaluation (IHME) and Health for All (HFA) 
database for 2015. WHO standard method has been applied to estimate the burden of 
RTIs [7, 8] and WHO standard information and communication technology (ICT) - 
software application was used to calculate years of life lost (YLLs), years lost due to 
disability (YLDs), and disability adjusted life years (DALYs), caused by RTIs in 
Macedonia in 2015 [9].  

DALY is a summary measure which combines years lost due to premature death 
and time lived in state of less than optimal health, loosely referred to as “disability” 
[7, 8]. The burden of RTIs is calculated as a sum of the YLLs and the YLDs for 
people living in state of less than good health resulting from the consequences of 
RTIs, using WHO standard software application [9]. 

                      DALY = YLL + YLD                       [10] 
The YLL basically correspond to the number of deaths multiplied by the life 

expectancy at the age at which death occurs. The basic formula for YLL is the 
following for a given cause, age and sex: 

    YLL = N × L              [10] 



 
Where: N = number of deaths; L = life expectancy at age of death (in years). 
The full formula for standard discounting and age weighting calculations is given 

as follows: 
   YLL = N Ce (ra) / (b+r)2 [e-(b+ r) (L+a) [-(b+r) (L+a)-1] - e-(b+ r)a [–(b+r)a-1]]      [8] 
where: r is the discount rate (GBD standard value is 0.03), C is the age-weighting 
correction constant (GBD standard value is 0.1658), b is the parameter from the age-
weighting function (GBD standard value is 0.04), a is the age of onset, and L is the 
time lost due to premature mortality.  

Because YLL measure the incident stream of lost years of life due to deaths, an 
incidence perspective has also been taken for the calculation of YLD. 

To estimate YLD for a particular cause in a particular time period, the number of 
incident cases in that period is multiplied by the average duration of the disease and a 
weight factor that reflects the severity of the disease on a scale from 0 (perfect health) 
to 1 (dead).  

The basic formula for YLD is:  
YLD = I × DW × L                     [10] 

where: I = number of incident cases; DW = disability weight; L = average duration 
until remission or death (in years). 

The full formula for YLD with non-uniform age weights is given: 
 YLD=I DW{K Ce(ra)/(b+r)2[e-(b+r)(L+a)[-(b+r)(L+a)-1]-e-(b+r)a[–(b+r)a-1]]+(1-
K)(L/r)(1–e-rL)}                                                      [8] 
where: DW is the disability weight, r is the discount rate (GBD standard value is 
0.03), C is the age-weighting correction constant (GBD standard value is 0.1658), b is 
the parameter from the age-weighting function (GBD standard value is 0.04), a is the 
age of onset, L is the duration of disability, and a parameter K specifies whether age-
weighting is applied (K=1) or not (K=0). 

Three hypotheses have been set and tested:  
H1: There is a difference in the burden of road traffic injuries between males and 

females;  
H2: The burden is highest in 15-44 age groups;   
H3: There is no statistically significant difference between Macedonia and Europe 

in the percentage participation of road traffic injuries in the total burden of diseases 
and injuries. 

3  Results 

In 2015 in Macedonia, on the territory of 25.713 km2, lived 2.071.278 people, 
1.037.601 of them men (50.1%) and 1.033.677 women (49.9%), with a population 
density of 80.5 inhabitants per km2 [11]. In 2015, there were 3.854 road traffic 
accidents on Macedonian roads, resulting with 6.061 injured and dead (accidents with 
material damage only are not included) (Table 1). [12, 13] 



 

Table 1. Distribution of Road Traffic Injuries and Deaths in Macedonia in 2015 by 
Age and Sex. 

Age 
Group 

Dead Injured Total Percent 

 Males Females Males Females   
0 – 4 6 1 54 43 104 1.71 
5 – 14 7 3 366 212 588 9.70 
15 – 29 28 13 1.646 411 2.098 34.61 
30 – 44 23 11 1.286 356 1.676 27.66 
45 – 59 13 4 789 246 1.052 17.36 
60 – 69 11 4 264 82 361 5.96 
70 – 79 8 4 78 38 128 2.11 
80+ 9 3 24 18 54 0.89 

Total 
105 43 4.507 1.406 

6.061 100 
148 5.913 

 
Data indicates that drivers and passengers of passenger cars suffer the most. This 

category of road users covers most of the injured persons [dead (69), seriously (366), 
and slightly injured (3.286), with 61.39% of the people involved in RTAs. Pedestrians 
(985), motorcyclists (499), and cyclists (470), especially vulnerable road user groups, 
are injured in 32.23% of the accidents. Least affected of RTIs are car drivers (0.31%). 
Driver error is a cause in 94.86% of RTAs, pedestrians in 4.18%; passengers in 
0.18%, and roads, vehicles and other causes in 0.78% of RTIs. Speeding is the most 
common cause for RTAs (31.46%). Failure to follow the rules and road traffic 
regulations are reported in 24.28% of the RTAs, failure of the road side driving in 
21.51%, irregular car direction movement in 17.84%, and drinking and driving in 
4.91% [12]. The seasonal epidemic wave of RTAs is from May to September, critical 
days Friday and Saturday, and “rush hours” 14 - 16 pm. [13] 

Life expectancy at birth in Macedonia in 2015 in men was 74 and in women 78 
years [14]. But, to define the standard for global comparability of this study, the 
highest value of life expectancy for all nations - 82.5 years for women in Japan (life 
table model, called Coale and Demeny West level 26) was selected. The calculated 
biological difference between a man and a woman in the potential survival was 2.5 
years, hence, 80 years of life were selected as the standard of life expectancy at birth 
in men [15, 16]. 

Consequently, YLLs are calculated as the number of RTIs deaths multiplied by a 
loss function specifying the years lost for deaths as a function of the age at which 
death occurs. 

 



Table 2. Years of Life Lost due to Road Traffic Injuries in Macedonia in 2015. 

Age 
group 

           
Population 

             
Deaths 

Average age 
 at death 
 

Standard life 
expectancy YLL 

 Males Females M F M F 
    M             
F 

M F 

          

0-4 59.579 55.392 6 1 1.8 2.6 78.8 81.9 181 30 

5-14 118.698 111.240 7 3 9.7 9.1 71.5 74.8 205 89 

15-29 226.542 213.974 28 13 23.2 23.0 58.1 61.6 765 362 

30-44 239.557 229.596 23 11 36.9 37.2 44.2 46.9 559 275 

45-59 213.524 211.012 13 4 52.7 51.4 29.5 34.8 210 83 

60-69 105.547 115.336 11 4 66.4 66.4 20.5 24.5 104 58 

70-79 54.686 68.235 8 4 74.8 75.1 11.3 14.6 116 41 

80+ 19.422 28.658 9 3 86.1 87.5 6.1 7.8 42 15 

Total 1.037.555 1.033.443 
10
5 

43 42.2 41.2 40.0 43.4 2.181 953 

 
Death rate of RTIs in men is 0.10 / 1.000 (105 deaths). Average age at death is 42.2 
and standard life expectancy 40 years. The estimated number of years of life lost in 
men is 2.181 (YLLs = 2.1/1.000 population). Young men in 15-29 study age group 
are most affected, covering 35.07% of years lost due to premature death caused by 
RTIs (YLL = 3.4/1.000). Next affected is 30-44 age group, taking 25.63% (YLLs = 
2.3/1.000), and men aged 45 to 59 have a death rate of 1.0/1.000 (9.63% of YLLs) 
(Table 2). 

With 43 deaths, the number of YLL of RTIs in women is 953. Average age of 
death is 41.2 and standard life expectancy 43.4 years. In the total number of YLLs 
(0.9/1.000), most of the years lost are due to deaths in females in 15-29 (YLLs = 362) 
and 30-44 (YLLs = 275) age groups (Table 2).  

To estimate YLDs, the number of incident cases is multiplied by the average 
duration of the disability and a weight factor that reflects the severity of the injury on 
a scale ranging from 0 (signifying states that are equivalent to ideal health) to 1 (states 
equivalent to being dead).  

A total of 4.507 injured men (incidence rate of 4.3/1.000) count for 1.356 years 
lost due to disability by RTIs (YLDs = 1.3/1.000). The average age at injury is 34.5 
and disability duration 0.7 years. Young men in 15-29 study age groups cover almost 
half of the YLDs (45.35%). Next affected are males in 30-44 age groups with 
25.88%, and least present men over 80s (0.66%) (Table 3). 

The number of injured women is 1.406, or incidence rate 1.4/1.000. The average 
age at injury is 33.7 and disability duration 0.8 years. The highest share of YLDs in 
females take 15-29 study age groups (38.51%). Women at the age of life 30 to 44 
cover 20.85% of the YLDs of RTIs and least affected are women over 80s (1.49%) 
(Table 3).  
 



Table 3. Years Lost due to Disability of Road Traffic Injuries in Macedonia in 2015. 
 

Age 
group 

          
Population 

           
Incidence 

 
   Age at 
onset 

Duration 
(years) 

YLD 

 Males Females M F M F M F M F 

          

0-4 59.579 55.392 54 43 2.5 2.5 0.0 0.0 17 16 

5-14 118.698 111.240 366 212 10.0 10.0 0.0 0.0 122 87 

15-29 
226.542 213.974 1.64

6 
411 22.5 22.5 0.0 0.0 

615 181 

30-44 
239.557 229.596 1.28

6 
356 37.5 37.5 0.0 0.0 

351 97 

45-59 213.524 211.012 789 246 52.5 52.5 0.0 0.0 176 43 

60-69 
105.547 115.336 264 82 65.0 65.0 10.

0 
10.
0 42 26 

70-79 54.686 68.235 78 38 75.0 75.0 5.0 5.0 24 13 

80+ 19.422 28.658 24 18 85.0 85.0 3.0 3.0 9 7 

Total 
1.037.55
5 

1.033.44
3 

4.50
7 

1.40
6 34.5 33.7 0.7 0.8 

1.35
6 470 

 
Table 4. Disability Adjusted Life Years lost due to Road Traffic Injuries in 
Macedonia in 2015. 

 Males Females Total 
Study 
age 
grou
ps 

Populati
on 

DAL
Y 

DALY 
/ 
1 000 

Populati
on 

DAL
Y 

DAL
Y / 
1 000 

Populati
on 

DAL
Y 

DAL
Y / 
1 000 

    
0-4 

59.579 198 3.3 55.392 46 0.8 114.971 244 2.1 

5-14 118.698 327 2.8 111.240 176 1.6 229.938 503 2.2 

15-
29 

226.542 1.38
0 

6.1 213.974 543 2.5 440.516 1.92
3 

4.4 

30-
44 

239.557 910 3.8 229.596 372 1.6 469.153 1.28
1 

2.7 

45-
59 

213.524 386 1.8 211.012 126 0.6 424.536 512 1.2 

60-
69 

105.547 146 1.4 115.336 84 0.7 220.883 230 1.0 

70-
79 

54.686 140 2.6 68.235 54 0.8 122.921 194 1.6 

80+ 19.422 51 2.6 28.658 22 0.8 48.080 72 1.5 

Tota
l 

1.037.55
5 

3.53
7 

3.4 
1.033.44
3 

1.423 1.4 
2.070.99
8 

4.96
0 

2.4 



 
In total of 6.061 injured, including deaths, the burden of RTIs on national level is 
4.960 disability adjusted life years lost, or 4.960 ‘healthy’ life years lost (DALYs = 
2.4/1.000) (Table 4). Number of the years of life lost due to premature death for both 
sexes is 3.134 (Table 2), and 1.826 are the years lost due to disability (Table 3), 
caused by RTIs. 

4  Analysis and Discussion 

In Republic of Macedonia males have almost three times higher burden than females 
or 71.31% of DALYs are lost due to RTIs in men (Table 4). Chi-square test (χ2 = 28, 
degrees of freedom = 1, P < 0,01) shows a significant difference in distribution of the 
burden of RTIs between males and females. This confirms the first hypothesis – there 
is a significant difference in the burden of road traffic injuries between males and 
females. The relative risk of 2.95 indicates that the possibility of RTI in males is 
almost three times higher than the possibility of an injury in females.  

According to WHO, more than three-quarters (77%) of road traffic deaths globally 
are accounted in males [17-19]. Data from surveys about the risk behaviour in road 
traffic reports that male representatives are involved in a car accident twice more than 
female, and nearly three times as many reported of two or more accidents [20, 21].  
In all world reports on road safety status [2, 18, 22, 23], most common among the 
injured in road traffic are those aged 15 to 44 years, and according to WHO data, they 
comprise 59% of the victims in accidents globally. More than 50% of the RTIs global 
mortality is among people aged 15 to 44 years [2, 19], or traffic injuries are the 
leading cause of death among young people from 15 to 29 years and the second most 
common in children aged 5 to 14 [23, 24].  

As globally, in this survey most vulnerable road users are those in 15-44 age 
groups, with 64.59% of the burden. A statistical analysis confirmed the second set 
working hypothesis - the RTIs burden is the highest at age 15-44 - Chi-square test (χ2 
= 46, degrees of freedom = 3 and P < 0,01). Because these age groups are with the 
biggest biological and economic potential of the society, the burden is even more 
seriously affecting the economy and public health, and should be urgently addressed.   
More than 3% of hospitalized were aged 0 to 4 years. Considering the fact that 
Macedonia was one of the countries which did not have legislation for mandatory use 
of special child seats in vehicles few years ago, a great improvement in terms of RTIs 
reducing among the youngest is being expected with the last amendments in the Law 
for Road Traffic Safety [25].  

The third hypothesis - there is no statistically significant difference between the 
participation of RTIs in the total burden of diseases and injuries in Macedonia and 
Europe, has been tested and confirmed comparing the percentage participations of 
RTIs DALYs in the total burden of diseases and injuries from 2000 to 2015 (in five 
years intervals) for all ages. Data are taken from the Institute of Health Measures and 
Evaluation in Seattle (IHME) [26].  

RTIs burden percentage participation in the total burden of diseases and injuries in 
Macedonia did not have drastic variations in last 15 years. Namely, in 2000 it was at a 



point of 1.79% of the total burden, increased to 1.88% in 2005, and then slightly 
declined to 1.82% in 2010. It reached a pick in 2015 with a participation of 1.89% in 
the total burden (Fig. 1.). The participation in Europe in 2000 was 2.82%, reached 
2.84% in 2005, dropped at a point of 2.61%, and continued declining to 2.46% in 
2015. Although the RTIs burden percentage participation in Europe is higher than in 
Macedonia, it has continuously decreasing trend in last 10 years, which is not the 
situation with the same one in Macedonia (Fig. 1). 
 

 
Fig. 1. Percentage participation of Disability Adjusted Life Years lost of Road Traffic 
Injuries in the Total Burden of Diseases and Injuries in Macedonia and Europe 
 
Pearson's test for linear correlation (coefficient of determination r2 = 0.41875, 
correlation coefficient (r) = -0,39322 and P = 0,6599) showed an absence of evidence 
of statistical significant difference in percentage share of RTIs burden in the total 
burden of diseases and injuries compared between Macedonia and Europe, which 
confirms the third hypothesis in the study. 

Macedonia has two National strategies for improving of the road safety [5, 27], 
but still does not have comprehensive laws which address all RTIs risk factors, and 
the enforcement of the existing is not on satisfactory level. It is necessary to propose 
an essential cooperation for coordinated multisectoral and multidisciplinary 
preventive activities of all relevant sectors (health, transport, education, law and 
legislation, urban planning, and interior) to make monitoring and evaluation of the 
Second National strategy for road safety improvement 2015-2020 implementation, 
according to the recommendations of the Decade of Action for Road Safety 2011-
2020 and Sustainable Development Goals [6]. 

5  Conclusions 

This paper presents the burden of RTIs in Macedonia in 2015, estimated by WHO 
standard method and ICT software application, emphasizing its significance and 



complexity as a priority public health problem. Evidence based road safety promotion 
programs have to take into account the current priorities: vulnerable road users, main 
risk factors, critical road points, most common types of injuries, legislation etc. The 
Information and Communication Technology systems might help a lot in inventing 
new software applications that can be used for estimation and comparability of 
different data, metrics, and research. Application of more sophisticated ICT methods 
and applications is crucial for road traffic safety improvement especially those that 
are cost effective. 
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