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Background: Making the right decisions in the field of public health de-
pends on the reliable recording of statistical data such as death and birth.
There have been radical changes and innovations in the death registration
since 2009 in Turkey to improve reporting.

Aims: To examine the distribution and the trend of causes of death be-
tween the years 2009 and 2017 in Turkey.

Study Design: Descriptive study.

Methods: In this study, the causes of death were evaluated in three
groups used in the Global Burden of Disease study. Group I included in-
fectious, maternal, perinatal, and nutritional conditions; group II included
noncommunicable diseases; and group III included injuries. Age-stan-
dardized mortality rates were calculated per 100,000 according to age,
sex, and cause of death. Joinpoint regression was used to evaluate the

trend in mortality rates. In addition, the leading causes of death were also
determined.

Results: In total, age-standardized mortality rates increased significantly
on average annually (1.5% per year). When the trends of causes of death
were examined according to gender, there was a significant increase in
deaths from group I in both genders and a significant increase in deaths
from group III in males, whereas there was no statistically significant
change in deaths from group II between 2009 and 2017.

Conclusion: A significant quantitative improvement in death registration
was seen in Turkey between the years 2009 and 2017. This is due to the
increase in the number of reported deaths. The change in the distribution
of causes of death is noteworthy. This research can provide the basis for
further researches that will examine the change in causes of death.

Making the right decisions in the field of public health depends
on the reliable recording of statistical data such as death and birth.
Regular, frequent, and timely recording and evaluation of vital sta-
tistical records are critical not only in the healthcare decision-mak-
ing process but also in social, economic, legal, and human rights
issues.! It is also important for comparing the health systems of
countries or for comparing health system related current data of the
same country with data from previous years.

The death recording in Turkey has been carried out since 1931.
The death records at the national level are collected and presented
annually by the Turkish Statistical Institute (TURKSTAT). To in-
crease death registration and improve the quality, radical changes
and innovations have been made in the system since 2009. The two
basic changes are that previous deaths in provincial and district
centers were recorded in the registration system, whereas in the
new system, deaths in the entire country, including those in villag-
es, are recorded, and the International Classification of Diseases,
Tenth Revision (ICD-10) started being used in the classification of
causes of death.

The death certificate for each death is filled by the physician in
charge. This form includes the place and date of death as well
as demographic data of the deceased, the main cause of death,
and other causes that are not relevant to this main cause but are
associated with death. The underlying cause of death in the form
is recorded as the main cause of death in the cause of death clas-
sification. It is the conditions, an accident, or a violent act that
results in illness or injury or fatal injury, leading to the onset of
disease conditions that directly cause death. Contributing causes
are diseases or conditions that are not part of the chain of events
leading to death but have contributed to death according to the
person filling out the form. If the death has occurred in the hos-
pital, it is reported by the responsible physician, and if the death
has occurred at home or elsewhere, it is reported by the fami-
ly physician, the municipality physician, or another designated
physician. It is essential that the person reporting the death is a
physician; however, another officer, headman, or military officer
in the rural regions where the physician is not present can do the
death registration.>?
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Turkey has experienced a period of sociodemographic and eco-
nomic change, especially since the 1970s. This change was re-
flected in the life expectancy, birth and mortality rates, and the
distribution of causes of death, particularly since the 1970s.*°
However, no comprehensive study of the causes of death has
been conducted in recent years after the new death registration
system.

The aim of this study is to examine the distribution and trend of
causes of death between the years 2009 and 2017 in Turkey.

MATERIAL AND METHODS

Data sources
For this descriptive study, data related to deaths between the years
2009 and 2017 and the mid-year populations of these years were
obtained from TURKSTAT.

Classification of causes of death

The causes of death classified according to the ICD-10 classi-
fication were in 19 groups and 211 subgroups. The causes of
death were divided into three groups as in the first level classi-
fication of the Global Burden of Disease (GBD) study.” Group
I included infectious, maternal, perinatal, and nutritional con-
ditions; group II included noncommunicable diseases (NCDs);
and group III included external causes, including both inten-
tional and unintentional injuries. Deaths for garbage/ill-de-
fined reasons were also examined. The codes of the groups
and garbage/ill-defined reasons are defined according to the
World Health Organization (WHO) Global Health Estimates
2016% specified in Appendix 1.

Statistical Analysis
Data received as excel files were transferred to R, version 3.4.3.
Although the total number of deaths in the database was 3,187,877,
a total of 10,531 records could not be analyzed owing to missing
values of age, sex, and/or ICD code. The remaining 3,177,346 re-
cords were analyzed.

In the first step, crude mortality rates (CMRs) and age-specific
mortality rates for women and men were calculated for each year,
and then age-standardized mortality rates (ASMRs) were calcu-
lated using the standard population distribution’ of the WHO. The
formulas used in the calculations are as follows:

1. CMR = (Total number of deaths from all causes/Number of
persons in the population at mid year) x 100,000.

2. Age-Specific Mortality Rate=(Number of deaths among age
group ‘k’in 1 year/Number of persons at age group ‘k’ in the
population at mid year) x 100,000.

3. ASMR = Age-specific mortality rate per 100,000 x weight in
the standard population.

In the second step, CMR and ASMR values were calculated sepa-
rately for each year and sex of the death cause groups and garbage/
ill-defined causes of death.

In the last step, we performed joinpoint regression analysis
(Joinpoint Regression Program, version 4.6.0.0; Statistical
Methodology and Applications Branch, Surveillance Research
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Program, National Cancer Institute, Bethesda, MD, USA) to
study the trends over time to identify the time point(s) in which
the trend significantly changed in the study period. The average
annual percentage change (AAPC) of the ASMRs from 2009 to
2017 was calculated for the sex and the cause-of-death groups,
assuming that the random errors were heteroscedastic. Ethics
committee approval for the study was obtained from Ethics
Committee for Non-Interventional Studies (Protocol Number:
2019/04-12).

RESULTS

According to the TURKSTAT database, 3,187,877 deaths occurred
between the years 2009 and 2017 in Turkey (1,744,211 men and
1,443,355 women). Figure 1 shows the percentage distribution of
causes of death by groups and gender. In the period between 2009
and 2017, the percentage of group I causes in males increased from
5.6% to 8.9%, and the percentage in females increased from 5.7%
t0 9.9%. Group II causes decreased in males from 77.8% to 75.6%
and in females from 77.1% to 75.5%. Group III causes increased
from 4.8% to 5.8% in males; however, they decreased slightly from
2.8% to 2.7% in females. Deaths from garbage/ill-defined causes
decreased in both males and females from 11.8% to 9.7% and from
14.4% to 11.9%, respectively.

The changes in CMR and ASMR among males and females and the
AAPC of the ASMRs in the 9-year period between 2009 and 2017
are shown in Table 1. ASMR values among both males and females
increased significantly at the end of the 9-year period. ASMR was
annually increased by 1.5% in total (1.6% in males and 1.4% in
females) (P < 0.05).

Table 2 shows the CMR and ASMR values in males and females
in 2009 and 2017 by cause-of-death groups and gender with
the AAPC for ASMR values between the years 2009 and 2017.
According to Table 2, an overall increase in mortality rates of
group I and group III has occurred (11.8% and 4.8%, respective-
ly). The mortality rates in group I and group III causes increased
significantly in males (12.0% and 5.4%, respectively); however,
in females, there was a significant increase in mortality rates

Male Female
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59 68 76 82 89 57 49 5 54 64 73 84 92 99

Percentage
~
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FIG. 1. The distribution of group 1, group 2, group 3, and garbage/ill-de-
fined causes of death between 2009 and 2017 by gender.
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TABLE 1. CMR and ASMR per 100,000 by gender in 2009 and 2017 with AAPC in ASMRs between 2009 and 2017

2009 2017 2009-2017
Group CMR ASMR CMR ASMR AAPC (95% CI)
Overall 388.45 455.52 517.34 491.39 1.5(0.7, 2.4)*
Male 428.52 567.39 560.78 614.72 1.6 (0.7, 2.5)*
Female 348.02 362.91 473.71 388.79 1.4 (0.6, 2.3)*
*P <0.05.

AAPC, average annual percentage change; ASMR, age-standardized mortality rate; CI, confidence interval; CMR, crude mortality rate.

TABLE 2. CMR and ASMR per 100,000 by cause-of-death groups and gender in 2009 and 2017 with AAPC in ASMRs between 2009 and 2017

2009 2017 2009-2017
Cause-of-death groups CMR ASMR CMR ASMR AAPC (95% CI)
Overall Group I 21.90 24.16 48.47 47.25 11.8 (8.6, 15.1)*
Group II 301.09 352.99 390.76 369.98 1.1 (=0.1,2.4)
Group III 15.09 16.38 22.64 21.93 4.8(0.2,9.6)*
Garbage/ill-defined 50.39 61.86 55.52 52.07 —2.8(-6.2,0.6)
Male Group I 23.88 27.89 49.85 55.82 12.0 (8.9, 15.3)*
Group II 333.64 444.05 423.66 464.25 1.1-0.2,2.4)
Group III 20.48 23.14 32.75 33.25 5.4 (0.5, 10.6)*
Garbage/ill-defined 50.53 72.14 54.53 61.22 -2.9(-6.5,1.0)
Female Group I 19.90 21.00 47.07 40.54 11.8 (8.5, 15.1)*
Group II 268.24 278.71 357.65 292.70 1.1(-0.1,2.3)
Group 111 9.65 9.94 12.46 11.12 2.9 (-1,7.1)
Garbage/ill-defined 50.23 53.14 56.52 44.32 —2.7(-5.6,0.3)
*P<0.05.

AAPC, average annual percentage change; ASMR, age-standardized mortality rate; CI, confidence interval; CMR, crude mortality rate.

only in group I (11.8%). No significant change was observed in
the mortality rates in group II and garbage/ill-defined causes of
death.

When the increase in deaths due to group I causes was examined in
more detail, it was observed that pneumonia was the main reason
for the change. Whereas the number of deaths due to pneumonia
in 2009 was 2,784, it increased to 18,484 in 2017; whereas 17.7%
of the causes of death in group I in 2009 was pneumonia, this rate
was 47.4% in 2017. The frequencies of all the other leading com-
municable, maternal, perinatal, and nutritional conditions—related
death causes (Group I) have decreased in 2017. In addition, 84%
of the deaths due to pneumonia were observed in persons aged >
65 years.

When a closer look was taken at the increase in deaths in group
111, it was determined that the number increased from 10,869 in
2009 to 18,183 in 2017. This situation is not related to a spe-
cific cause of death. There has been no change in the ranking
of nontransport accidents, transport accidents, and intentional
self-harm, which are the three most common causes of death in
group III. There was also no significant change in the frequency
of these causes in group I11 (46.3%, 35.8%, and 9.6% to 46.1%,
34.7%, and 9.7%, respectively); however, their numbers have
increased.

Table 3 shows the leading causes of death in males and females.
Ischemic heart diseases and malignant neoplasms, which were
ranked in the top two in 2009 in males, have remained in place
in 2017 (from 15.3% to 16.4% and from 10.2% to 9.4%, respec-
tively). Whereas the garbage/ill-defined causes (4.7%) and hyper-
tensive diseases (3%) listed in 2009 were not in the list in 2017,
pneumonia (4.2%) and nontransport accidents (2.8%) were added
to the list. Whereas cerebrovascular diseases (13.2%), the most
common cause of death in females in 2009, were replaced by
ischemic heart disease (15%) in 2017, the top three leading caus-
es of death in females did not change in 2009 and 2017. However,
the garbage/ill-defined causes (4.7%) and respiratory and intra-
thoracic organ cancers (2.1%) that were listed in 2009 were not
in the list in 2017. Instead of these causes, pneumonia (4.7%) and
Alzheimer’s disease (4.4%) were added to the leading causes of
death in 2017.

Although the causes of death that were newly added to the list are
not detailed in Table 3, it was found that the number of deaths due
to nontransport accidents increased from 5,125 to 9,054 between
2009 and 2017. The most common reasons were falls (40%), ac-
cidental poisonings (12%), and accidental exposure to other and
unspecified factors (16%). Deaths due to Alzheimer’s disease in-
creased from 3,844 to 13,743. The increase in pneumonia-related
mortality has been mentioned previously.

Balkan Med J, Vol. 38, No.2, 2021
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TABLE 3. First 10 leading causes of death with percentages by gender in 2009 and 2017

2009 2017
Gender Rank ICD-10 code Cause of death % ICD-10 code Cause of death %
Male 1 120-125 Ischemic heart discases 15.3 120-125 Ischemic heart diseases 16.4
2 C30-C39 Malignant neoplasms of respiratory and intrathorac- 10.2 C30-C39 Malignant neoplasms of respiratory and in- 9.4
ic organs trathoracic organs
3 160-169 Cerebrovascular diseases 8.7 130-152 Other forms of heart disease 8.4
4 130-152 Other forms of heart disease 8.0 160-169 Cerebrovascular diseases 7.5
5 J40-147 Chronic lower respiratory diseases 7.5 J40-J47 Chronic lower respiratory diseases 7.3
6 C15-C26 Malignant neoplasms of digestive organs 6.3 C15-C26 Malignant neoplasms of digestive organs 6.5
7 R0O0-R99 Symptoms, signs, and abnormal clinical and labora- 4.7 J12-J18 Pneumonia 42
tory findings not classified elsewhere
8 E10-E14 Diabetes mellitus 4.0 E10-E14 Diabetes mellitus 3.0
9 110-115 Hypertensive diseases 3.0 NI17-N19 Renal failure 3.0
10 N17-N19 Renal failure 22 WO00-X59, Nontransport accidents 2.8
Y86
Other remaining causes 30.1 Other remaining causes 315
Female 1 160-169 Cerebrovascular diseases 13.2 120-125 Ischemic heart diseases 15.0
2 120-125 Ischemic heart diseases 12.6 130-152 Other forms of heart disease 11.1
3 130-152 Other forms of heart disease 10.9 160-169 Cerebrovascular diseases 10.9
4 E10-E14 Diabetes mellitus 7.2 J40-J47 Chronic lower respiratory diseases 53
5 110-115 Hypertensive diseases 6.1 C15-C26 Malignant neoplasms of digestive organs 5.0
6 C15-C26 Malignant neoplasms of digestive organs 52 110-115 Hypertensive diseases 4.8
7 R0O0-R99 Symptoms, signs, and abnormal clinical and labora- 4.7 J12-J18 Pneumonia 4.7
tory findings not classified elsewhere
8 J40-J47 Chronic lower respiratory Diseases 4.7 E10-E14 Diabetes mellitus 4.7
9 N17-N19 Renal failure 2.6 G30 Alzheimer’s disease 44
10 C30-C39 Malignant neoplasms of respiratory and intrathorac- 2.1 N17-N19 Renal failure 3.7
ic organs
Other remaining causes 30.6 Other remaining causes 30.4

ICD-10, International Classification of Diseases, Tenth Revision; No., number.

DISCUSSION

In this study, ASMRs increased significantly by, on average, 1.5%
per year between 2009 and 2017. Moreover, the number of ex-
pected deaths was 415,900 in 2010 in Turkey; in fact, there were
295,501 deaths reported in that year, showing that records from
outside of the provinces and districts were missing.'” Whereas
the expected number of deaths was 455,400 in 2016, there were
420,189 deaths reported.!""* This change in death numbers and
ASMR is not due to an increase in the number of deaths but due
to an increase in the number of reported deaths. This indicates
a notable quantitative improvement in death registration in the
period of 9 years.

The main finding of this study was the increase in deaths caused by
group I and group III, whereas there was no statistically significant
change in deaths from NCDs (group IT) between 2009 and 2017.

Many studies conducted in recent years have shown that a sig-
nificant decrease occurred in cardiovascular mortality. In a study
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conducted by Dinc et al.' it has been found that the decrease
since 1994 has reached 7.9% in males and 4.4% in females be-
tween 2004 and 2008. A similar decrease has been revealed in
many countries such as the United States, Western Europe, Ire-
land, Sweden, England and Wales, Italy, and Poland. In model-
ing studies, this situation was mainly attributed to the reduction
of the risk factors and effective treatments.'*?? This decrease in
NCD-related deaths seen in previous studies does not seem to
continue during 2009-2017; cardiovascular diseases continue to
constitute a significant morbidity and mortality burden. Today in
Turkey, the structural problems on the prevention of NCDs, early
diagnosis, and follow-up issues could not be resolved, such as
integration of primary health care services into the management
of chronic diseases and lack of coordination between health insti-
tutions. Effective control strategies and programs are not imple-
mented nationally.’

In the GBD study, deaths due to infection of the lower respira-
tory tract were estimated to be increased by 38.3% in Turkey in
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2017.2 In accordance with this, an increase in mortality rates
related to the group I causes was detected in this study. In ad-
dition, it was found that the major cause of the increase in the
causes of death in group I was pneumonia. A significant part
of these deaths occurred in people aged > 65 years. The pro-
portion of people aged > 65 years in Turkey is rising steadily
in recent years.”* Whereas 64.6% of all deaths have occurred
in people aged > 65 years in 2009, it has increased to 70.7% in
2017.'>13 As another reason, the Sentinel Severe Acute Respi-
ratory Tract Infections Surveillance has been initiated in Tur-
key since 2015.% This may have increased the coding of deaths
caused by pneumonia.

Another notable finding in this study was that Alzheimer’s dis-
ease was listed among the leading causes of death. The changing
demography and the increasing number of the elderly population
make the healthcare needs of this special group necessary for Tur-
key.

In this study, it was observed that the rate of deaths due to group
IIT conditions in men increased annually by 5% in the period of 9
years. This is similar to the findings in the GBD study.?® In group
11, deaths were mostly related to nontransport accidents. These ac-
cidents are the result of a combination of multiple risk factors, and
there is no single simple method to avoid these accidents. Risk fac-
tors should be identified individually, and multifactorial protection
strategies should be planned.?”

The strengths of this study were the inclusion of the period of 9
years after the transition to the new system and the evaluation of
all deaths, which are reported in this period in Turkey. In addi-
tion, the change in the causes of deaths over the study period is
presented with AAPC, which is a summary measure of the trend
over the fixed interval, using joinpoint regression. Evaluating
AAPCs made different groups comparable with the change in
trends for the same period. As a limitation, the effect of the
improvement in death records on the distribution of causes of
death could not be determined in this study. Improvement in
death records may have affected both ASMR and the distribu-
tion of causes of death.

In conclusion, a significant quantitative improvement in death
registration was seen in Turkey between 2009 and 2017. In ad-
dition to quantitative improvement in death registration, chang-
es in the pattern of causes were also observed. The change in
the distribution of causes of death is noteworthy. This overall
analysis for the whole country can provide the basis for further
research that will examine the change in causes of death more
in depth.
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APPENDIX 1. The cause-of-death groups and ICD-10 codes

Teker et al. Cause-of-death Distributions and Mortality Trends in Turkey

Cause of death

ICD-10 codes

Group I: communicable, maternal, perinatal, and nutritional con- A00-B99, D50-D53, D64.9, E00-E02, E40 E46, G00-G04, G14, H65- H66, J00-J22, N70-N73,

ditions

Group II: noncommunicable diseases

Group III: injuries

Garbage/ill-defined causes of death

000-099, P00-P96, U04

C00-C97, D00-D48, D55-D64 (minus D64.9), D65-D89, E03-E07, E10-E16, E20-E34,
E65-E88, FO1-F99, G06-G99 (minus G14), H00-H61, H68-H93, 100-199, J30-J98, K00- K92,
L00- L98, M00-M99, N00-N64, N75-N98, Q00-Q99, X41-X42, X44, X45, R95

VO01-Y89 (minus X41-X42, X44, X45)
147.2,149.0, 146, 150, 151.4, 151.5, 151.6, 151.9, 170.9, R00-R99 (minus R95)

ICD-10, International Classification of Diseases, Tenth Revision.
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