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Age at death in the Turkish Adult Risk Factor Study: Temporal trend and
regional distribution at 56.700 person-years’ follow-up
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Objectives: We analyzed the temporal trend and regional dis-
tribution of age at death due to all-causes and the sex-specific
and age range defined by coronary mortality in the 18-year fol-
low-up of the Turkish Adult Risk Factor Study.

Study Design: The participants of the Turkish Adult Risk Fac-
tor Study who have been examined in even years were last sur-
veyed in August 2008. A total of 1,582 individuals were surve-
yed, which constituted half of the surviving participants of the
overall cohort. Information on death was obtained from first-
degree relatives and/or health personnel of local health offices.
Survivors were evaluated by history, physical examination, and
12-lead electrocardiography. The cumulative follow-up was
56,700 person-years.

Results: Of 1582 participants, 868 (431 men, 437 women) we-
re examined, in 604 subjects information was gathered, and 47
participants (26 men, 21 women) were ascertained to have di-
ed. Twenty-two deaths were classified as being of coronary ori-
gin. Cumulative assessment of the entire cohort in the age ran-
ge of 45-74 years disclosed coronary mortality to be 7.64 per
1000 person-years in men and 3.84 in women and persisted to
be the highest among 30 European countries, whereas overall
mortality declined at a greater proportion. Overall mean ages at
death were deferred within a 12-year period by 7.4 years in
men and 6 years in women, to 71.9 and 74.8 years, respecti-
vely. The extension of this mean survival was similar among ur-
ban-rural areas and geographic regions.

Conclusion: Coronary mortality declined modestly, but life ex-
pectancy of Turkish adults rose by a mean of nearly seven ye-
ars in the 12 years to 2003-08 without showing major differen-
ces in sex, urban-rural dwelling or geographic regions.

Key words: Coronary disease/mortality; life expectancy;
mortality/trends; Turkey/epidemiology.

Amac: TEKHARF Calismasi’'nin 18 yillik takibinde tim neden-
li 8lumdeki yas verilerinin zaman dilimine ve bdlgelere bagli
degisimi ve cinsiyete 6zgl ve belirli yas kesimindeki koroner
mortalite degerlendirildi.

Calisma plani: TEKHARF Calismasi’'nin cift yillarda taranan
kohortu 2008 Agustos ayinda yeniden izlendi. Taramaya giren
kohortun toplam sayisi 1582 kisi idi ve Ulke genelinde hayatta
bulunan izlenecek TEKHARF kohortunun yarisini olusturuyor-
du. Oliim konusunda birinci derece akraba ve/veya saglik oca-
g1 personelinden bilgi alindi; yasayanlarda bilgi edinmekten
baska, fizik muayene ve 12-derivasyonlu EKG kaydi yapildi.
Toplam takip suresi 56700 kigi-yiliydi.

Bulgular: Orneklemin 868'i (431 erkek, 437 kadin) muayene
edildi, 604 kisi hakkinda bilgi edinildi ve 47 kisinin (26 erkek,
21 kadin) 8ldigi belirlendi. Olimlerin 22'si koroner kalp has-
taligr (KKH) kékenli sayildi. Tum kohortun 18 yillik takibinde
45-74 yas kesiminde KKH kékenli dlimler erkeklerde 1000 ki-
si-yillinda 7.64, kadinlarda 3.84 diizeyinde bulundu ve bdyle-
ce 30 Avrupa ulkesi icinde en ylksek seviyede slregeldigi
g6zlemlendi; oysa, genel mortalitedeki gerileme daha yik-
sek orandaydi. Ortalama élum yasi Tirkiye genelinde 12 yil
icerisinde erkeklerde 7.4 yil, kadinlarda alti yil ertelenerek,
2003-08 déneminde sirasiyla ortalama 71.9 ve 74.8’e ulas-
ti. Ortalama émurdeki bu uzama kentsel ve kirsal kesimler
ile cografi bolgelerde benzerdi.

Sonug¢: Yetiskinlerimizde koroner mortalite az gerile-
mis,ama émur suresi son 12 yilda yedi yila varan belirgin
uzama goéstermigstir; bu uzamanin erkek-kadin, kent-kir sa-
kinleri ve cografi bolgelerde 6nemli farklar sergilemedigi
gdzlenmistir.

Anahtar sézclikler: Koroner hastalik/mortalite; yasam
sUresi; mortalite/egilim; Turkiye/epidemiyoloji.
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Data of the Turkish Adult Risk Factor (TEKHARF)
study, which includes the respective cohort is still in de-
mand regarding mortality of coronary heart disease
(CHD) and death due to all-causes in Turkish adults."’
Within this context, time-related temporal trends and
regional distribution at death-age should also be follo-
wed up. On the other hand, proper evaluation of
individuals examined and followed up during annual
screening visits is both an important responsibility and
beneficial measure for further surveys.

In this study, evaluation of the TEKHARF study
which consisted of half of the cohorts and whose last
survey was in August 2008 from five different
geographical regions was as follows: (i) disclosing the
exact number of deaths due to coronary diseases and
overall mortality of Turkish adults recorded recently;
(ii) determining the incidence of mortality due to
general causes and CHD among 45-74 year-olds, and
particularly (iii) evaluating death due to all-causes at
more than 56,000 person-years’ follow-up in terms of
time-related temporal trend and regional distribution.
This analysis confirms positive findings of the life
expectancy of Turkish adults attained within a short
time. The number of individuals recruited recently
from four regions and candidates to be surveyed later
will also be explained.

PATIENTS AND METHODS

Dwellings and individuals surveyed. Individuals
from the Aegean, Mediterranean, Southeast and Eastern
Anatolia and the Black Sea regions” examined in even
years were re-surveyed in August 2008. Together with
these regions, the Dokmetepe village (Tokat) and the
districts of Vefa-Kocamustafapasa, Kurtulus, Besiktas
and Levent in Istanbul took part in the survey instead of
Gure, Kutahya, Kaynasli and Zonguldak where the
survey was conducted last year. Follow-up of the cohort
consisting of 48 individuals in Van, Kars, Karapinar
was performed by one of the authors (M.T.) in our
study. The total number of the cohort to be followed up
was 1,582 in the survey, corresponding to half of the
cohort of the TEKHARF” study who survived and
were to be followed up. One thousand thirty nine of
these (65.7%) were former participants, 280 were in the
cohort of 1998 and 263 were in the cohort of 2002.

The overall follow-up period, as reported by reliable
participants concerning the health of those who were
examined and considered dead was evaluated.

Method of gathering information. Medical his-
tory, examination and electrocardiogram were used to
gather information in the survey. Current medical in-
formation regarding individuals who could not be exa-
mined was obtained via telephone calls or through the-

ir relatives and neighbors. The date of information ob-
tained was recorded and individuals were included in
a follow-up period of less than 23 months.

Determination of mortality and definitions. Infor-
mation regarding the approximate date, place, type
and cause of death was obtained as much as possible.
Sudden death was defined as death which occurred
within 24 hours of the onset of symptoms and was ge-
nerally associated with cardiac causes in the absence
of any other information.

The proportion of Turkish adults and our samples.
The number of individuals in the TEKHAREF study who
were available for follow-up in 2007-2008, apart from
the new cohort was 3,090. Based on the assumption that
the total population of individuals ?38 years old was 26
million (12,2 millions male population; 13,8 millions
female population), our sample represented 1/8,400 in
this age range across the population.

RESULTS

A.Final follow-up data

A total of 868 (431 males; 437 females) of the
1,582 individuals were examined and 47 were
ascertained to have died. Two hundred one individuals
who were not previously examined during the 2006
survey were examined. The information alone of 604
individuals was gathered, whereas information was not
available for 63 individuals. The ages of individuals
whose information alone was obtained (mean age
56.5+11.6) and of those who were examined (mean age
56.1£10.8) were similar. Overall duration of follow-up
was 2,953 person-years. Individuals determined as de-
ad and those examined consisted of 60% of the total
number of individuals to be followed up. Forty seven
death events corresponded to 16.4 per 1000 person-ye-
ars. On the other hand, a total of 222 individuals from

Table 1. Distribution of mortality according to cohorts
and periods in the TEKHARF study

Follow-up Annual
Mortality (n) period (per 1000)
Initial cohort 506 48,250 10.5
1990-97/98 204 21,500 9.5
97/98-02/03 139 13,600 10.2
2002/03-07/08 163 13,150 12.4
1997/98 cohort 50 6,150 8.1
97/98-02/03 20 3,100 6.5
2002/03-07/08 30 3,050 9.8
2002/03 cohort 12 2,300 5.2
All cohorts 568 56,700 10.0
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Figure 1. Distribution of age at death according to sex, urban-rural dwelling and
a-6-year time period in 506 death events of initial participants in TEKHARF study

four different geographical regions (mean age
54.148.1) were included in the cohort.

Twenty one of the individuals who died were fema-
les, while 26 of them were males. Twenty two death
events were associated with coronary diseases; six
with cerebrovascular events; six with cancer; and one
death event each with aortic dissection; bilateral bund-
le branch fibrosis; pulmonary embolism; core pulmo-
nale; diabetic nephropathy; sepsis; Alzheimer’s disea-
se; suicide; drug abuse; suspicion of excessive drug
use, and vascular causes. However, the reason for two
death events could not be determined. Total coronary
mortality during this period was found to be 7.45 per
1000 person-years (8.2 for males; 6.7 for females).

B.Eighteen-years follow-up analysis

Overall mortality and age at death. The distribution
of 568 deaths which occurred in all cohorts at certain
periods and mortality rate of the TEKHAREF study per
1000 person-years are shown in Table 1. The morta-

lity rate of the relatively young cohort with a mean
age of 46 was 10.0 per 1000 person-years during the
period. Mean age of the initial cohort in which 506
death events occurred within 18 years was 68+13 and
7211 for male and female individuals, respectively.
However, distribution of age at death according to
sex, urban-rural dwelling and period is shown in Fi-
gure 1, as the mean age was different for each period.
Age at death increased across the country, from
64.4£14.0 in 1990-1996 to 71.9+12.4 in 2003-2008 in
males, while it increased from 68.6+12.4 to
74.8+10.9 in females. In other words, death events
were postponed for 7.4 and 6 years in male and fema-
le individuals, respectively within 12 years. Rural-ur-
ban cohorts were both affected by this postponement.
Regional distribution of age at death demonstrated
that with the exception of the Black Sea region, mor-
tality of every region during the initial period was ob-
served at an advanced age compared to the final peri-
od, in the Marmara regions (3.3 years) and Southeast
Anatolia (15.9 years) (Table 2).

Table 2. Distribution of age at death according to annual periods of six months each
and regions of initials cohort of the TEKHARF study

Age at death

Overall mortality 1990-1996 1997-2002 2003-2008
Regions 506 66.2+13.0 69.3+12.0 731117
Marmara 111 65.5+11.5 70.0+10.5 68.8+10.3
Central Anatolia 111 65.2+15.7 68.9+13.5 73.5+12.1
Aegean 76 68.9+12.9 68.4+12.0 73.9+13.4
Black Sea 68 69.4+11.4 66.7+14.9 69.2+13.2
Mediterranean 47 70.7£10.2 70.0+13.6 75.0+14.2
Eastern Anatolia 55 65.2+15.2 71.2+11.6 75.2+6.7
Southeast Anatolia 38 65.0+14.8 68.6+12.2 80.9+14.8
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Table 3. Death which occurred in 17.5 years and prevalence of CHD in the cohort of the age range of 45-74 in TEKHARF study

Total Male Female
Follow-up Death  Annual Follow-up Death  Annual Follow-up Death  Annual
(year) (n)  (per 1000) (year) (n)  (per 1000) (year) (n)  (per 1000)
All death events
Turkey, 1990-2000 11,514 191 16,6 5,705 116 20,3 5,809 75 12,9
Turkey, 2000-2008 14,466 165 1,4 6,995 107 15,3 7,471 58 7,8
Turkey, 1990-2008 25,980 356 13,7 12,700 223 17,6 13,280 133 10,0
Death events due to CHD
Turkey, 1990-2000 11,514 73 6,3 5,705 46 8,0 5,809 27 47
Turkey, 2000-2008 14,466 75 52 6,995 51 7,36 7,471 24 3,2
Turkey, 1990-2008 25,980 148 5,7 12,700 97 7,64 13,280 51 3,84

Death due to all-causes and CHD in the age ran-
ge of 45-74. All death events due to all-causes and
CHD in the age range of 45-74 according to sex and
duration of follow-up are shown in Table 3. Death
events at this age range was 13.7 (17.6 for males; 10.0
for females) per 1000 person-years.

Death due to CHD within this age range was 7.64
and 3.84 per 1000 person-years in males and females,
respectively, since the survey was first initiated. Coro-
nary mortality was found to decrease from 8 in the
1990s to 7.36 per 1000 person-years in the 2000s; the
rate decreased in women from approximately 1/3 to
3.2 per thousand person-years.

New cohort from four different regions. A total of
222 individuals (of which 100 were women), predomi-
nantly from urban areas, apart from the Black Sea re-
gion were also included in the new cohort due to the
temporal trends in regional distribution of our popula-
tion. Of the participants 26 were from Malatya, 12
from Icme, 23 from Diyarbakir, 15 from Akziyaret
(Culmen, Urfa), 24 from Gaziantep, 17 from Samba-
yat (Adiyaman), 28 from Denizciler (Hatay), 17 from

Tomuk (Icel), 16 from Aydincik, 19 from Manavgat,
and 25 from Izmir. Median age of the cohort was 55 in
both the current participants and new cohorts.

Annual participant loss and the number of co-
horts available for future follow-up at the end of the
survey. A total number of 1,328 individuals from thre-
e cohorts died in the course of time. Regarding overall
duration of follow-up with combined calculation, the
annual rate of 2.3% is attained. This means that 75 of
the 3,300 individuals making up a cohort are expected
to be excluded per year, apart from death events.

The regional distribution and periods of participa-
tion of the current cohort consisting of 3,374 individu-
als (1,641 males; 1,733 females) and who were exami-
ned and found to be available for follow-up at the end
of 2008 are shown in Table 4.

DISCUSSION

This analysis of the TEKHARF study focused on
age-related findings of all death events registered du-
ring the initial cohort for the 18-year period and the
coronary mortality rate of individuals within the age

Table 4. Cohorts available for future follow-up and regional distribution

Cohorts Population Cohort Total Follow-up in Follow-up in
(%) (%) 2010 2009
Initial 1977 967 1010
1997/98 cohort 588 267 321
2002/03 cohort 449 244 205
2007/08 cohort 360 222 138
Regional total 3374 1700 1674
Marmara 28,7 27,0 910 130 780
Central Anatolia 15,5 20,5 691 39 652
Aegean 13,0 11,2 379 275 104
Black Sea 10,6 11,0 369 231 138
Mediterranean 13,1 12,0 403 403
Eastern Anatolia 8,9 8,3 280 280
Southeast Anatolia 10,2 10,1 342 342
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range of 45-74. We found that mean ages of the 506
individuals who died in the initial cohort significantly
increased within 12 years (7.4 years in males; 6 years
in females). The increase in the mean survival rate was
similar between rural and urban areas. Mean age at de-
ath during the 2003-2008 period was found to be 71.9
and 74.8 in males and females, respectively. The in-
crease in the survival rate was more significant among
cohorts of Southeast Anatolia, Eastern Anatolia, and
Central Anatolia compared to those in other regions.
All death events in the age range of 45-74 decreased
from 16.6 per 1000 person-years in 1990s to 11.4 in
2000s, while death events due to CHD decreased from
6.3 only to 5.2 per 1000 person-years during the same
period. 47 death events detected during the follow-up
survey in 2008 were interpreted as 16.4 per 1000 per-
son-years. Events were mostly associated with coro-
nary and cerebrovascular diseases.

Age at death and overall mortality. The mean
survival is known to have increased in Turkey by 19
years, from 52 years in 1961-1965 to 71 years in
2001-2005. It suggests that life expectancy increases
by one year biennially. According to the data of
Turkish Statistical Institute (T'SI) in 2007, the mean
life expectancy is 69.5 and 74 years in females and
males." These data are consistent with the findings of
30-year-old individuals; so much that a postponement
of approximately 7 year in the age at death within 12
years and a mean age at death which we found to be
1-2 higher than the TSI data may be said to be asso-
ciated with the lack of death events in infants and yo-
unger people.

In line with the postponement of age at death, we
found a significant decline in death due to all-causes
in the age range of 45-74. We observed a 25% decli-
ne in the mortality for males and 40% for females wit-
hin 9 years between the two periods. The cumulative
data of the entire cohort in the age range of 45-74 at-
tained in European countries in 2000 has recently be-
en announced.” The decline in Turkey may be inter-
preted as positive when compared to the decline in
overall mortality observed in European countries.””
The median mortality in the age range of 45-74 in 30
European countries has been reported as 13.2 and 7.3
per 1000 person-years in males and females, respecti-
vely."” The rates are higher in Turkey by about one-
third in 17.6 and 10.0 per 1000 person-years in males
and females, respectively. Furthermore, the overall
mortality of women in Turkey is still lower than the
rates in Romania, Bulgaria, Hungary and Baltic sta-
tes, and it is also lower for men than the rates in Cro-
atia, Czech Republic, Slovakia and Poland.

Coronary mortality rate does not adequately
decrease. The decrease in coronary mortality between
the two periods has remained below 20% (from 6.3 to
5,2 per 1000 person-years). A significant decrease in
the rate of mortality due to CHD was attained compared
to the rates of 10 years ago in most Eastern and Nort-
hern European countries. Data collected from the 30 co-
untries show that the median CHD mortality rate per
1000 person-years was 2.3 in females and 0.72 in ma-
les. Accordingly, the rate of coronary mortality in Tur-
key is still 3-fold and 5-fold high in men and women,
respectively. Although data from Russia and Ukraine
were not included in the recent evaluation, it may be
suggested that the rate of coronary mortality is the hig-
hest in women and also in men, except that of Latvian.

It is remarkable that we could not observe a decli-
ne in coronary mortality as much as that observed in
death due to all-causes. When it is confirmed through
other means that we cannot prevent death due to coro-
nary diseases in Turkish adults (i.e. we cannot postpo-
ne death event), as much as it is the case with death
due to other causes it may be assumed that serum pro-
teins™ such as HDL cholesterol, apolipoprotein A-I
and adiponectin which are responsible for the preven-
tion of CHD may play a role in this association.

New cohort and regional distribution. A total of
360 individuals from four different regions were inc-
luded in the survey, together with the 138 participants
from Istanbul in 2007. Therefore we believe that there
is no need for new participants for the next 4-5 years.
The number of male subjects was required to be a litt-
le more in order to show consistency of age with the
existing cohort. It can be seen that the latest state of
the cohort represents the regional distribution very
well, when compared to estimated distribution of po-
pulation according to geographic regions as showed in
Table 4. Although a new cohort from Central Anatoli-
a was not included in the survey, the presence of any
shortfall in the Aegean, Mediterranean and Marmara
regions may be interpreted as over representation from
the Central Anatolian region. The current cohort of
TEKHARF study represents middle-aged or elderly
Turkish adults in terms of age and sex.

In conclusion, the TEKHARF study has shown that
the life expectancy of Turkish adults has risen by a mean
of nearly 7 years within the past 12 years, without
showing major differences in sex, urban-rural dwelling or
geographical regions. From the beginning of the study,
all death events due to CHD in the age range of 45-74 ha-
ve been at the rate of 7.64 and 3.84 per 1000 person-ye-
ars in males and females, respectively, maintaining hig-
her rates compared to European countries for both sexes.
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