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ABSTRACT

BACKGROUND: The present study aims to calculate completeness of the current registration system of fatal injuries in the legal 
Medicine Organization (LMO) and to estimate the economic burden of fatal injuries at the national level of Iran.

METHODS: We estimated the completeness of registered fatal injuries using a three-source capture-recapture method among the 
Legal Medicine Organization, health departments and Traffic police in Hamedan County (HC) from June 22, 2015 to June 21, 2016. We 
also estimated the economic burden of fatal injuries using Years of Life Lost (YLL) during one year. Then, using appropriate statistical 
methods, we generalized the estimates to the national level.

RESULTS: There were 487 registered fatal injuries in the LMO of HC. The male to female ratio was 2.89. Road Traffic Crashes (RTC) 
and suicide pertained 45 and 21 percent of deaths, respectively. The completeness of fatal injuries registration was estimated at 86.9%. 
Based on LMO information of HC, the percentage of fatal injuries numbering errors at the national level was estimated 1.1 times that 
was reported by LMO in the same period (41,936 vs. 36442). YLL and the economic burden of fatal injuries were estimated 1,706,373 
years and 8,692,264,432 US$ at the national level, respectively.

CONCLUSION: The completeness of the current registration system of fatal injuries is good. The economic burden of fatal injuries, 
especially due to motor vehicle crashes in Iran, is substantial. Strategies, legislative actions, and preventive programs should be consid-
ered to decrease the number of fatal injuries in our country.
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Premature mortality that arises from fatal injuries imposes 
substantial economic consequences.[1,5,6] Cost assessment in 
the US showed that approximately 33% of the total $671 bil-
lion costs of all injuries which had been spent in medical and 
work-loss were related to fatal injuries.[7] However, it is not 
only difficult to calculate their exact quantitative costs due to 
the inability to estimate of intangible costs but also expensive 
because they are relying on registries and population-based 
studies.[2,8] Calculating and interpretation of economic bur-
den of fatal injuries in different regions of the world helps 
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INTRODUCTION

Although the long-term impact understanding of fatal injuries 
on societies has stayed as a gap, the profound and specific 
impact of them from different aspects is not covered on any 
one.[1,2] The heavy contribution of fatal road traffic crashes, 
the most common injury-related death, among aged 15–29 
or mainly occurrence of suicide and homicide in men aged 
15–44 years reveal the importance of socioeconomic burden 
of years of lost life in particular for lost productivity years.[1,3,4] 
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policymakers and health planners to alternative strategies, 
allocate health resources and set priorities, underscoring the 
needs for the most appropriate interventions and cost-bene-
fit to prevent and control injury-related mortality.[4,9–11] How-
ever, the estimating of related costs of fatal injuries depend 
on the data quality and completeness of injury-related death 
registries.[12] 

Low and middle-income countries are worst-affected by fatal 
injuries where economic inequality occurs at higher levels, 
and at the same time, the report of deaths information and 
cause of deaths is categorized as a moderate level.[3,4,12] Due 
to weak health information sources to capture accurate data, 
few policies or injury prevention measurements at the na-
tional level in use originate in these countries.[2,10] Further-
more, economic burden studies on fatal injuries often are 
insignificant in these settings, whereas injuries often have 
significant implications and should be taken into account to 
better understand the burden.[2] 

The posed burden of fatal injuries in Iran needs to evaluate 
the costs based on the more exact number of injury-related 
mortality to plan prevention and reduction of fatal injuries. It 
is considered that the magnitude of the economic burden of 
fatal injuries in a local setting is required for identifying the 
needs, design specific interventions and raise the scale as a 
part of approach steps.[2,3] Furthermore, effective interven-
tions should be based on accurate and reliable evidence. The 
present study aimed to estimate economic burden and the 
error calculating of registered fatal injuries, after complete-
ness assessing through the capture-recapture method in the 
country using the Legal Medicine Organization data of Hama-
dan County for one year.

MATERIALS AND METHODS

The number of fatal injuries referred to the LMO in HC was 
recorded from 22 June 2016 to 21 June 2017 and the age-sex 
distribution and cause of death of fatalities were extracted. A 
three capture-recapture method was applied to estimate un-
der-reporting fatal injuries in the LMO resource in HC. The 
completeness of the registered fatal injuries number in the 
LMO was obtained by comparing it with the health depart-
ment and the Traffic Police to detect unregistered deceased 
in the LMO resource. To realize the best log-linear model, 
HILOGLINEAR was used in SPSS 21.

To estimate the real number of fatal injuries at the national 
level based on the percentage of calculating errors in HC, the 
number and annual incidence of injury-related mortality were 
calculated during the study period in the County. The nation-
al number and rate of fatal injuries were estimated, assuming 
the same conditions, based on percent errors calculating in 
Hamedan County, and then it was compared with the LMO 
report for the same period.

The cost of injury-related mortality in HC was estimated 
as follows: the potential years of life lost based on Iranian 
life expectancy at the age of death reported by the World 
Health Organization[13] was multiplied by the average annu-
al income per person (based on the World Bank’s annual 
report of “average domestic income per capita for 2016 
and 2017” that was $5,094 USD).[14] This gives the total 
lost income for every fatality in HC. Dividing the sum of 
“the total lost income for every fatality” by the number 
of fatalities gives the “average income loss per every fatal 
injury” (AILFI). The AILFI estimated above was multiplied 
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Figure 1. The distribution of 487 fatal injuries by sex and age in Le-
gal Medicine Organization in Hamedan County from 2016 to 2017.
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Figure 2. The distribution of 487 fatal injuries by cause of death 
in Legal Medicine Organization in Hamedan County from 2016 to 
2017.
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by “corrected total injury fatality” to estimate the total lost 
income due to fatal injuries (TLIFI). The research deputy 
of Tehran University of Medical Sciences (TUMS) Ethical 
Committee approved the present study. The ethical code 
was 1395.370.

RESULTS

Four hundred eighty-seven fatal injuries were recorded in HC 
during the study period; at the same time, there were 31 
unreported deceased, who was identified by the health de-

partment and the Traffic Police resources. Figures of 1 and 2 
show the age-sex and cause of death distribution of recorded 
fatalities, respectively.

Table 1 shows the distribution of cause of death by age 
groups. The most common external cause of death was 
MVC, The results in different age groups showed that 34.7% 
of death arose from MVC occurred in the age group of 26 
to 45 years; one-third and one-quarter of fatal falls occurred 
in the age group of over 65 and 46 to 65 years, respectively. 
The highest percentage of deaths from burns occurred in the 
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Table 1. The distribution of the 487 fatal injuries by cause of death and age in Legal Medicine Organization in Hamedan County 
from 2016 to 2017

 Age groups (year) Total

Cause of death count %  ≤5 6-15 16-25 26-45 46-65 >65
within mechanism 

Motor vehicle crashes 10 12 34 77 59 30 222

 4.5% 5.4% 14.9% 34.7% 26.6% 13.5% 100.0%

Fall of height 1 2 4 6 8 11 32

 3.1% 6.3% 12.5% 18.8% 25.0% 34.4% 100.0%

Cold weapon 0 0 1 7 0 0 8

 0.0% 0.0% 12.5% 87.5% 0.0% 0.0% 100.0%

Drowning 2 1 2 0 1 0 6

 33.3% 16.7% 33.3% 0.0% 16.7% 0.0% 100.0%

Burn 0 1 0 6 3 6 16

 0.0% 6.25% 0.0% 37.5% 18.7% 37.5% 100.0%

Drug poisoning 0 1 12 13 4 1 31

 0.0% 3.2% 38.7% 41.9% 12.9% 3.2% 100.0%

Poison poisoning 1 0 9 7 7 2 26

 3.8% 0.0% 34.6% 26.9% 26.9% 7.7% 100.0%

Suffocation 0 0 1 0 0 1 2

 0.0% 0.0% 50.0% 0.0% 0.0% 50.0% 100.0%

Hanging 0 3 11 21 13 2 50

 0.0% 6.0% 22.0% 42.0% 26.0% 4.0% 100.0%

Electrocution 0 0 1 2 2 0 5

 0.0% 0.0% 20.0% 40.0% 20.0% 0.0% 100.0%

Firearm 0 0 0 5 1 1 7

 0.0% 0.0% 0.0% 71.4% 14.3% 14.3% 100.0%

Hypoxia 1 3 8 6 2 1 21

 4.8% 14.3% 38.0% 28.6% 9.5% 4.8% 100.0%

Drug abuse 0 0 10 27 10 2 48

 0.0% 0.0% 20.8% 56.2% 20.8% 4.2% 100.0%

Hard hit 0 0 0 5 1 2 8

 0.0% 0.0% 0.0% 62.5% 12.5% 25% 100.0%

Other 2 0 0 2 0 0 4

 50.0% 0.0% 0.0% 50.0% 0.0% 0.0% 100.0%

Total  17 23 93 183 111 59 487



age group of 26 to 45 years and over 65 years with a similar 
percentage. The highest percentage of drug abuse and drug 
poisoning deaths occurred between the ages of 26 and 45 
and from other poisonings to the age of 16 to 25 years. The 
highest and lowest numbers of hanging deaths were seen in 
the age group of 26 to 45 and years years or less, respec-
tively.

Using log-linear analysis, we estimated 42 fatal injuries that 
would be hidden from the LMO, the health department and 
the Police Traffic resources. Thus, the completeness of the 
LMO was estimated at 86.9 percent. 

The total YLL due to fatal injuries in HC was 19,816 (Table 
1). Therefore, the total lost income due to fatal injuries in 
HC was $100,942,704 USD, and the AILFI was $207,274.5 
USD. According to the LMO, the number of deaths due to 
injuries was 36,442 for the year 1395[15] in the country. The 
corrected total injury fatality (including those not detect-
ed by the LMO) was estimated as (36,442/0.869) = 41,936. 
Therefore, YLL WAS estimated 1,706,373 years and the TLIFI 
for whole country could be estimated as (41936 × 207274.5) 
= $8,692,264,432 USD (Table 2).

DISCUSSION
The present study examined the completeness of registered 
fatal injuries and the estimated economic burden of injury-as-
sociated deaths at the national level with the use of the Legal 
Medicine Organization data source of Hamedan County for 
one year. It estimated the percentage of calculating errors 
of fatal injuries at the national level based on the number of 
cases in the County. Fatal injuries were caused as a massive 
burden at the national level and mostly by fatal RTC, which is 
the most cause of death associated with injuries in Iran (19.9 
per 100,000).[15] 

There were about 13 percent of unreported fatal injuries 
in the LMO of HC. However, the LMO is the main reliable 
source to detect the external cause of death.[16] All assump-
tions of the capture-recapture include closed population; 
independence, homogeneity, and sufficient information were 
considered in the study.[17,18] In a study in Ethiopia, the cap-
ture of fatal road traffic injuries by the Police and hospital 
sources was approximately 60% and 31.5-33.4%, respectively.
[19] A study conducted in Iran showed 65% reported deaths 
by the LMO source and death registration system (DRS).[17] 
Incomplete identification of the cause of death, incorrect 
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Table 2. Frequency distribution and percentage of the lost years of life (YLL) by sex in different age groups in Hamadan County 
from 22 June 2016 to 21 June 2017

Sex/age (year) Male Female

 Frequency Percent YLL Frequency Percent YLL

<1 4 .8 298 5 1.0 383

1–4 2 .4 149.2 4 .8 306.4

5–9 4 .8 282.8 8 1.6 582.4

10–14 7 1.4 460.6 6 1.2 407.4

15–19 26 5.3 1583.4 5 1.0 314.5

20–24 41 8.5 2300.1 7 1.4 406.7

25–29 54 11.2 2781 9 1.8 478.8

30–34 36 7.5 1684.8 15 3.1 724.5

35–39 32 6.7 1347.2 11 2.3 477.4

40–44 34 7.1 1268.2 5 1.0 193

45–49 20 4.1 652 5 1.0 169

50–54 19 3.9 532 1 .2 29

55–59 27 5.5 637.2 11 2.3 268.4

60–64 17 3.5 328.1 4 .8 79.6

65–69 12 2.5 182.4 11 2.3 173.8

70–74 6 1.2 68.4 2 .4 24

75–79 7 1.4 58.8 4 .8 34.8

80–84 9 1.8 55.8 8 1.6 52

85≤ 5 1.0 22.5 4 .8 18.8

Total 362 74.6 14692.5 125 25.4 5123.5

YLL: Years of the life lost.



coding and low quality reporting all could be assumed as the 
main factors.[16] Team related training, exact supervising, and 
use of the automatic system; all could be mention as effec-
tive factors.[20] However, Iran is among medium quality deaths 
data based on the WHO classification.[12]

In the present study within groups of fatal injuries, the distri-
bution of burden was changed strongly in different ages. Of 
the total YLL due to fatal injuries, 14.5% of them were among 
children aged 0–14 years, 82% among adults (15–64 years), 
which was accounted as productive years and 3.5% among 
the elderly (65 years or more). The economic burden that 
arose from all fatal injuries was also affected by sex: about 
three-quarters of the total economic burden of fatal injuries 
were resulted in men. Thus, the male to female ratio of all 
injuries was about 2.9:1. Table 1 shows the most YLL was 
observed at 20–24 and 30–34 aged groups of men and wom-
en, respectively, so the highest economic burden belongs to 
these groups. In Polinder et al.’s[21] study the highest loss in 
YLL was observed in men aged between 15–64 years. 

In assessing fatal injuries number errors at the national level 
based on in Hamadan County, it was estimated 1.1 times that 
was reported by the LMO in the same period at the national 
level (41,936 vs. 36442).[15] Despite the cases are representa-
tive for the composition of the Iranian population by age and 
sex, there is widely affected variation risks of fatal injury in a 
different region of the country based on a socioeconomic de-
mographic index, culture, geographical location and external 
cause of deaths at different provinces.[22–26] Failure to correct 
coding by doctors due to inadequate training, failure to meet 
the standards for completing the death certificate, and the 
low quality of the deaths coding all could be considered as the 
main reasons for the low reporting of the causes of death.[15] 
However, the access to accurate and valid data helps the best 
decision to decrease costs resulted in injury-related deaths 
based on the more exact number of reported fatal injuries 
of registries.[12] A study showed a 25 percent difference in 
injury-related mortality statistics between CDC WONDER 
and GBD 2015 estimates, and percent difference was varied 
considerably across the cause of death. It is recommended 
that efforts be made to improve the coding of the cause of 
death and reduce garbage code to obtain accurate and reli-
able information on the causes of death.[27]

The present study showed that the cost per death in RTC 
was about 199,924 US$. Fatal RTC is the main cause of death 
associated with injuries in Iran (19.9 per 100,000).[15] In Najafi 
et al.’s[6] study the cost per death that arose from a transport 
accident was 72,571 US$. However, the age of the deceased 
at the time of death could have an effect on YLL. The results 
emphasize on special attention and control of fatal road traf-
fic crashes, and the development of strategies for effective 
interventions and management of prevention programs at 
health sectors and planners. 

We know that the cost of premature deaths is not limited 
to lost income only, but we want to raise that, in a coun-
try with 40.6 billion $ in export earnings in 2016, at least $ 
8.7 billion was lost due to fatal injuries.[28] This highlights the 
need for health policymakers to pay special attention to the 
significant costs, lost and to allocate resources for preventive 
interventions, especially in specific areas. An average of 5.5 
million barrels of oil per day of fuel is consumed annually in 
the country, and we can consider using fuel as a source of risk 
caused by RTC, with a $ 4.5 billion imposed cost due to fatal 
RTC.[29] As a result, the adoption of risk-based tax measures 
can be considered solely to improve traffic safety.

The present study had some strength. First, the fatal inju-
ry data, as derived from the LMO database where we were 
represented deceased, died following injury; and delayed in-
jury-related deaths were considered. Second, the economic 
burden calculations were included in all fatal injuries and it 
was not restricted to some mechanism or intent. The most 
important limitation of the current study was that the calcu-
lated cost of injuries resulting in death was limited to loss of 
income. Second, we assumed that the distribution of age-re-
lated and sex of fatal injuries in other parts of the country 
are similar to that of Hamedan, yet there was no reason to 
exist. Moreover, as a constraint, in the present study, we as-
sumed that under-reporting at the national level is similar to 
Hamedan. It is based on the assumption that reporting of 
fatal injuries resulting from an organization where applies the 
same regulations throughout the country. It is recommended 
to assess and compare the economic burden of fatal injury on 
the other province.

Based on the present study, there is under-reporting at fatal 
injuries registration sources. Also, the lost income of fatal in-
juries in Iran is substantial and the imposed economic burden 
is notable. It is important to calculate the real cost of the 
economic burden of fatal injuries and estimate the percent-
age of calculating errors. This allows health planners to base 
their decisions on a more accurate capture and facilitate to 
identify the best preventive interventions.
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İran’da kayıt sisteminin bütünlüğü ve ölümcül yaralanmaların ekonomik yükü
Dr. Zahra Ghodsi,1 Dr. Soheil Saadat,1 Dr. Abdolrazagh Barzegar,2 Dr. Farshid Alaeddini,1
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1 İran Ulusal Travma Sicili, Sina Travma ve Cerrahi Araştırma Merkezi, Tahran Tıp Bilimleri Üniversitesi, Tahran-İran
2Yasal Tıp Araştırma Merkezi, Adli Tıp Örgütü, Adli Tıp Bölümü, Tahran-İran
3Tahran Tıp Bilimleri Üniversitesi Tıp Fakültesi, Adli Tıp Anabilim Dalı, Tahran-İran
4Tahran Tıp Bilimleri Üniversitesi Halk Sağlığı Fakültesi, Sağlık Yönetimi ve Ekonomi Bölümü, Tahran-İran

AMAÇ: Bu çalışmanın amacı, Yasal Tıp Teşkilatı (LMO) içerisinde ölümcül yaralanmaların mevcut kayıt sisteminin bütünlüğünü hesaplamak ve İran’da 
ulusal düzeyindeki ölümcül yaralanmaların ekonomik yükünü tahmin etmektir.
GEREÇ VE YÖNTEM: 22 Haziran 2015–21 Haziran 2016 tarihleri arasında Hamedan Bölgesi’nde (HC) Yasal Tıp Teşkilatı, sağlık departmanları ve 
trafik polisi arasında üç kaynaklı yakalama-yeniden yakalama yöntemi kullanılarak kaydedilen ölümcül yaralanmaların bütünlüğünü değerlendirildi. 
Ayrıca, bir yıl boyunca Kaybedilmiş Yıllar (KY) ölçütü kullanarak ölümcül yaralanmaların ekonomik yükü de değerlendirildi. Ardından, uygun istatis-
tiksel yöntemleri kullanarak tahminleri ulusal düzeyde genelleştirdik.
BULGULAR: Hamedan Bölgesi LMO’sunda 487 kayıtlı ölümcül yaralanma vardı. Erkek/kadın oranı 2.89 idi. Karayolu Trafik Kazaları (RTC) ve intihar, 
ölümlerin sırasıyla yüzde 45 ve yüzde 21’ini oluşturmaktaydı. Ölümcül yaralanma kayıt bütünlüğünün %86.9 olduğu tahmin edilmektedir. Hamedan 
Bölgesi’nin LMO bilgilerine dayanarak, ulusal düzeydeki ölümcül yaralanma numaralandırma hatalarının yüzdesinin, aynı dönemde LMO tarafından 
bildirilenin 1.1 katı olduğu tahmin edilmektedir (41.936’e karşı 36442). Kaybedilmiş yıllar ve ölümcül yaralanmaların ekonomik yükünün ulusal dü-
zeyde sırasıyla 1.706.373 yıl ve 8.692.264.432 ABD doları olduğu tahmin edilmektedir.
TARTIŞMA: Ölümcül yaralanmalara ait mevcut kayıt sisteminin bütünlüğü iyidir. İran’da özellikle motorlu taşıt kazaları nedeniyle ölümcül yaralan-
maların ekonomik yükü büyüktür. Ülkemizdeki ölümcül yaralanma sayısını azaltmak için stratejiler, yasal eylemler ve önleyici programlar göz önünde 
bulundurulmalıdır.
Anahtar sözcükler: Ekonomik yük; İran; mortalite; yaralanmalar.
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