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ABSTRACT

Introduction: Heart failure is the third most common cause of death
after coronary artery disease and stroke. By monitoring mortality
trends of heart failure, control over the disease progression can be
increased. Therefore, we aimed to create a mortality trend by taking
the data on deaths due to heart failure in Turkiye in the last ten years.

Methods: We obtained population estimates for Turkey from the
TurkStat website. Age- and sex-specific and age-standardized rates
(ASRs, using the World standard population and the method of direct
standardization) were calculated. Mortality trends from heart failure
were assessed using the Joinpoint regression analysis. Statistical
analysis was carried out with the Joinpoint software, version 4.9.0.0.
We considered p values less than 0.05 to be statistically significant.

Results: We found Turkey’s 10-year standardized mortality rate is
20.63%. The highest mortality rate is in western Marmara; the lowest
one is in Eastern Karadeniz. We observed a significant increase in
mortality at 10 years in the total population. (p:0,008). We detected a
significant growth between 2009 and 2016 (p< 0.001) and a significant
decrease after 2016 (p:0.047)

Conclusion: We obtained standardized mortality rates of heart failure
patients in Turkey between 2009 and 2019 according to age, sex, and
years. We showed an overall mortality reduction after 2016.
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INTRODUCTION

Cardiovascular diseases are the most common cause of
death in Turkiye and the rest of the World. Heart failure
constitutes an important part of cardiovascular disease.
Heart failure, which is more common with prolongation of
life expectancy, is a global health problem with increased
mortality, morbidity, and hospitalization rates. This problem
is growing due to the increasing incidence every year (1).

In the Heart Failure Prevalence and Predictors in Turkey
(HAPPY) study in Turkiye, Degertekin et al. estimated
approximately 2.5 million heart failure patients in 2012.
Considering the annual incidence of the disease is 0.001-
0.005, we can evaluate over 3.5 million heart failure patients
recently (2).

OzZET

Girig: Kalp yetmezlIigi, koroner arter hastaligi ve inmeden sonra en
sik Gglinct 6lum nedenidir. Bu denli mortalitesi yiksek bir hastalgi
kontrol altina alabilmek igin dncelikle 6lim oranlarini bilmek gerekir.
Biz calismamizda Turkiye’de son on yilda kalp yetmezligine bagh
olimlerin verilerini alarak bir mortalite trendi olusturmayi hedefledik.

Yéntemler: Tirkiye igin niifus tahminlerini TUIK web sitesinden elde
ettik. Yasa ve cinsiyete 6zel ve yasa gore standardize edilmis oranlar
(Dunya standart popllasyonu ve dogrudan standardizasyon yontemi
kullanilarak ASR’ler) hesaplandi. Kalp yetmezliginden 6lim egilimleri
Joinpoint regresyon analizi kullanilarak degerlendirildi. istatistiksel
analiz, Joinpoint yazilimi 4.9.0.0 sirimu ile gerceklestirildi. 0,05'ten
kiiguk p degerleri istatistiksel olarak anlamli kabul edildi

Bulgular: Tirkiye'nin 10 yillik standardize 6lUm oranini %20.63 olarak
bulduk. En ylksek 6lim orani batt Marmara’da; en distik oran Dogu
Karadeniz'dedir. Toplam poptlasyonda 10 yilda mortalitede énemli bir
artis gozlemledik(p:0,008). 2009-2016 yillari arasinda 6nemli bir artis
(p< 0.001) ve 2016 sonrasi 6nemli bir disus (p:0.047) saptand.

Sonug: 2009-2019 yillari arasinda Turkiye'deki kalp yetmezIigi
hastalarinin yas, cinsiyet ve yillara gore standartlastiriimis 6lim
hizlarini elde ettik. 2016’dan sonra kalp yetmezliginin genel mortalite
disme egilimindedir.

Anahtar Kelimeler: Kalp YetmezIigi, Turkiye, Mortalite

Since 2010, it is expected that the disease’s mortality will
decrease with better follow-up of the disease, increased
target dose precision of angiotensin-converting enzyme
(ACE) inhibitors and beta-blockers, and increased use of
sodium-glucose co-transporter 2 (SGLT 2) inhibitors and
valsartan/sacubitril. Nevertheless, in the 1-year mortality
study conducted in Turkiye last year, the mortality of chronic
heart failure was 13.7% (3).

The prevalence of heart failure increases with smoking, a
sedentary lifestyle, and rising obesity. However, mortality
rates are decreasing with new guideline-based treatment
modalities and the development of evidence-based
treatment. Our study analyzed Turkish Statistical Institute
(TurkStat) data to evaluate Turkiye’s heart failure mortality
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Figure 1: The twelve major regions of Turkiye.

rates in the last ten years. In addition, we aimed to obtain
results about the 10-year heart failure mortality by Joinpoint
analysis.

METHODS

Classification of Regions

Nomenclature of Territorial Units for Statistics (NUTS)
definitions are produced to collect and develop regional
data, to provide analysis of the socio-economic structure of
the regions, to establish regional policies, and to establish
a comparable database with European Union Regional
Statistical System. Figure 1 shows 12 regions of Turkiye—
(TR1—istanbuI: istanbul; TR2-Western Marmara: Balikesir,
Canakkale, Edirne, Kirklareli, Tekirdag; TR3-Ege: Afyon,
Aydin, Denizli, izmir, Kitahya, Manisa, Mugla, Usak;
TR4-Eastern Marmara: Bursa, Eskisehir, Bilecik, Kocaeli,
Sakarya, Dlzce, Bolu, Yalova; TR5-Western Anadolu:
Ankara, Konya, Karaman; TR6-Akdeniz: Adana, Antalya,
Burdur, Hatay, Isparta, Mersin (icel), Kahramanmaras,
Osmaniye; TR7-Central Anadolu: Kirikkale, Aksaray, Nigde,
Nevsehir, Kirsehir, Kayseri, Sivas, Yozgat; TR8-Western
Karadeniz: Zonguldak, Karabik, Bartin, Kastamonu,
Cankiri, Sinop, Samsun, Tokat, Corum, Amasya; TR9-
Eastern Karadeniz: Trabzon, Ordu, Giresun, Rize, Artvin,
Gumushane; TRA-Northeastern Anadolu:  Erzurum,
Erzincan, Bayburt, Agri, Kars, 1gdir, Ardahan; TRB-
Central Eastern Anadolu: Malatya, Elazig, Bingdl, Tunceli,
Van, Mus, Bitlis, Hakkari; TRC-Southeastern Anadolu:
Gaziantep, Adiyaman, Kilis, Sanliurfa, Diyarbakir, Mardin,
Batman, Sirnak, Siirt)

Data Source

We have obtained heart failure mortality data for Turkiye from
the mortality database of the TurkStat (4). The underlying
cause of death from heart failure was determined using the
150 codes of the International Classification of Diseases
(ICD), the 10th revision. Data were available for each year
in five-year age groups up to 85+ years for heart failure
death data (2009-2019) , and 12 regions were grouped by
year, gender, and age. However, the results are not shown
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Figure 2: Trends in mortality from heart failure diseases in Turkiye, by
genders, 2009-2019.

for the subgroups aged <35 years due to the small number
of deaths occurring in this subgroup.

Statistical Analysis

We obtained population estimates for Turkiye from
the TurkStat website. Age- and sex-specific and age-
standardized rates (ASRs, using the World standard
population and the method of direct standardization) were
calculated (5). Rates were expressed as deaths per 100,000
persons. ASRs remove the effects of historical events on
age structure and control differences in age structure in
populations. Age-specific mortality rates were calculated
by 5-year periods (0—4, 5-9, 10-14, ..., 75-79, 80-84, and
285 years) for the age interval from 0 to 85 and over. This
methodology was repeated within each region. For each
region for, ASRs and age and sex-specific heart failure
mortality rates were analyzed using Joinpoint regression to
identify the years in which trends occurred. The method is
widely used in epidemiological studies such as incidence
and mortality. Mortality trends from heart failure were
assessed using the Joinpoint regression analysis proposed
by Kim et al (6). Joinpoint regression analysis identifies the
best fit for inflection points (“joinpoints”) at which there is a
significant change in trends and estimates the magnitude
of trend changes (increases or decreases) for each period.
Results include the years (period) making up each trend,
as well as the annual percentage change (APC), average
annual percentage change (AAPC), and 95% confidence
intervals for each trend (7-8). The difference between males
and females was determined with the parallelism test (9).

Statistical analysis was carried out with the Joinpoint
software, version 4.9.0.0. We considered p values less
than 0.05 to be statistically significant.

RESULTS

The number of deaths and mortality rates due to heart
failure are given in Table 1. We found Turkiye’s 10-year
standardized mortality rate to be 20.63%. The highest
mortality rate is in western Marmara, and the lowest one is
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Table 1. Number of deaths, distribution of standardized mortality rates by gender

Deaths ASR
Male/Fi 1
Region | Male | Female | Total | rinen | b o Ratio
population) population) population)
TRI | 15691 = 20870 | 36561 | 2586 | 21.02 | 2323 123
TR2 8076 | 10484 | 18560 | 2764 | 2473 | 2627 L12
TR3 | 15397 | 20320 | 35717 | 2095 | 1839 | 19.66 114
TR4 | 10599 | 13175 | 23774 | 2403 | 2046 | 22.14 L17
TRS 9479 | 11833 | 21312 | 2254 | 1870 | 2084 121
TR6 | 12197 14850 | 27047 | 2225 | 1932 | 2072 L15
TR7 5621 6877 | 12498 | 2209 | 1848 | 2006 L.19
TRS 9730 | 12052 | 21782 | 2443 | 2086 | 2246 L17
TR9 4401 5705 | 10106 | 1921 | 1417 | 1633 136
TRA | 2233 2544 | 4777 | 1848 | 1523 | 1664 121
TRB | 3776 | 4282 | 8058 | 2225 | 1714 | 1933 130
TRC = 6392 7220 | 13621 | 2370 | 1726 | 1993 137
Total | 103592 = 130221 | 233813 | 2278 | 1881 | 20.63 121

ASR: age-standardized rates

Table 3. The annual rate of heart failure disease mortality between 2009-20019 in males.

AAPCOS% CI) Period 1 Period IT Period 111
(2009-2019) Years APC (95% CI) Years APC (95% CI) Years APC (95% CI)

TR1 '2'((:;;_‘5;'70)‘4) 2009-2013 '5'9(;:;_)(‘:;(:?‘9) 2013-2019 1':;)(:'3_'?;35')5)

TR2 (’ég)'f)fﬁ) 2009-2014 '4:‘;13'_3;)210]’9’ 2014-2019 71&,2:(;)5.'2‘2;)'8)

|

TR4 -prg,s{:;l(;j) 2009-2013 '4'3!(:'3»'3;?)‘” 20132016 “(Bp(:(fs;j}) 20162019 .11.(7[)(:-[;‘70.';;58)

ms | RS gy | AT000H |y 9820310

TR6 -0;;2;:(2)2.333:1159) 2009-2016 35)2)‘_?);]56?) 2016-2019 'g’i;;(l;‘;;;z';j)

™ |

w2

mo | e

TRA S‘Zp(:ld‘l(;;g')x) 2009-2014 zzéigiﬁf;}“‘) 2014-2019 'S'zg;g‘gg"x)

TRB 5’(1‘,(:05_3552;” 20092015 ll.(T)S)'.g;ll(?)A) 20152019 '3’:’(:'(;1';’:2‘;'(”

TRC 7’(';:2(‘,_5(;:;')“) 20092014 ”’;:ig;g;‘” 20142019 "%:l;:‘s‘;‘;'m

CI: Confidence Interval; AAPC: Average Annual Percent Change; APC: Annual Percent Change.

Table 5. Annual percentage change and average annual percentage change

by gender and age groups (2009-2019)

Table 2. Annual percentage change and average annual percentage
change by gender (2009-2019)

AAPC(95% CI) Trend 1 Trend 2

(2009-2019) Period | APC (95% CI) | Period | APC (95% CI)
1.8 (-0.4:4.1) ] 44(2.3;6.6) ) 4.1 (-11.2;3.6)

Male =0.106) 20092016 | " 2enY 20162019 | T B

33 (1.6:4.9)

1.0 (-0.7:2.7) N 4.2(-9.6;1.7)

Female (0=0251) 20092016 | (p=0002) | 20162019 | o T
1.7 (0.4;2.9) ] 44(32;5.6) ) 4.4 (-8.4::0.1)

Total 0/008) 20092016 | 7 1St 20162019 | T

CI: Confidence Interval; AAPC: Average Annual Percent Change; APC: Annual Percent Change.

Table 4. The annual rate of heart failure disease mortality between 2009-20019 in females.

AAPC(95% CI) Trend 1 Trend 2
(2009-2019)
Period | APC (95% CI) Period | APC (95% CI)
Male 4.0(2.6;5.5)
35-64 (p<0.001)
65-74 1.4 (-0.1;3.0) 2009-2016 | 3.1 (1.4;4.7) | 2016-2019 | -2.3(-7.2;2.8)
(p=0.070) (p<0.05) (p=0.299)
75-84 1.1 (-0.3;2.6) 2009-2016 | 3.4(2.0;4.9) | 2016-2019 | -4.0(-8.6;0.7)
(p0.115) (p<0.001) (p=0,083)
85+ -0.4(-2.3;1.6) | 2009-2016 | 1.6 (-0.6;3.8) | 2016-2019 | -4.8 (-10.5;1.3)
(p=0.698) (p=0.136) (p=0.103)
Female 2.5(0.9;4.0)
35-64 (p=0.006)
65-74 0.1(-1.8;2.1) 2009-2016 | 1.9 (-0.1;3.9) | 2016-2019 | -3.9 (-10.1;2.7)
(p=0.905) (p=0.059) (p=0.194)
75-84 -0.2 (-1.7;1.4) | 2009-2017 1.6 (0.6;2.7) | 2017-2019 | -7.1 (-15.0;1.5)
(p=0.815) (p=0.008) (p=0.087)
85+ -0.5(-1.5;0.6) | 2009-2017 | 0.3 (-0.5;1.0) | 2017-2019 | -3.4(-8.8;2.4)
(p=0.372) (p=0.450) (p=0.197)

CI: Confidence Interval; AAPC: Average Annual Percent Change; APC: Annual Percent Change

AAPC(95% CI) Period Period IT Period 11T
(2009-2019)
Years | APC (95% CI) = Years | APC (95%CI)  Years | APC (95% CI)
TRI | 3.1 (-4.6:-1.7) | 20092013 | 6.5 (-10.0;-3.0) | 20132019 | -0.8 (-2.6;1.1)
(P<0.001) (p=0.360)
TR2 | 33(0.4:64) | 20092015 | 9.9(53;14.7) 5.8 (-11.8,0.6)
(P=0.028) (p=0.002) | 2015-2019 |  (p=0.069)
TR3 | -1.3(-42;1.6)
(p=0.330)
TR4 | 2.7 (-4.15-1.3) | 20092013 | 4.8 (-7.4;22) | 20132017 | 4.9(1.0;89) | 20172019 | -12.6 (-18.8;-5.9)
(p<0.001) (p=0.010) (p=0.028) (p=0.010)
TRS | -22(-46,0.2) | 20092011 | 9.7 (:21.7:4.1) | 20112017 | 45 (1.6;7.4) | 20172019 | -13.3 (-22.9;2.5)
(p=0.074) (p=0.106) (p=0.015) (p=0.030)
TR6 | -09(-351.8) |2009-2016 | 2.97(0.1;5.8) | 2016-2019 | 9.2 (-17.2;-0.6)
(p=0.505) (p=0.044) (p=0.041)
TR7 | -1.1(-250.3)
(p=0.108)
TR8 | 32(1.7:47)
(p=0.001)
TRY | 1.5(-0.53.5)
(p=0.122)
TRA | 3.8(13:63) | 20092011 | -0.3 (-11.7;12.7) | 20112014 | 24.8 (13.3;37.6) | 20142019 | -5.6(-7.3;-3.9)
(p=0.003) (p=0.951) (p=0.005) (p=0.002)
TRB | 38(-26;10.7) | 20092016 = 92 (1.917.1) | 20162019 | -7.7 (:25.2;13.8)
(p=0.247) (p=0.021) (p=0.385)
TRC | 7.3 (47:9.9) | 20092014  11.8(7.6;16.1) | 20142019 | 0.9 (-4.1;6.1)
(p<0.001) (p<0.001) (p=0.674)

CI: Confidence Interval; AAPC: Average Annual Percent Change; APC: Annual Percent Change.

Figure 3: Trends in mortality from heart failure diseases in Turkey, by
genders and region, 2009-2019.
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in Eastern Karadeniz.

Annual percentage change and average annual percentage
change by gender in Turkiye are given in Table 2. We
observed a significant increase in mortality at 10 years in
the total population (p: 0,008). We detected a significant
growth between 2009 and 2016 (p <0.001) and a significant
decrease after 2016 (p: 0.047)

The graphs of the general annual changes in Turkiye are
given in figure 2.

Average annual percentage changes by regions and annual
percentage changes according to male and female gender
are given in table 3 and table 4.

Trends in mortality from heart failure diseases in Turkey, by
genders and region in figure 3.

Annual percentage change and average annual percentage
change by gender and age are given in Table 5.

DISCUSSION

Heart failure is a common health problem with increasing
mortality worldwide (10). One of the most important factors
in tackling this problem is the careful examination and
interpretation of data. In our study, we determined the
incidence of deaths due to heart failure by examining the
death reports from 12 regions of Turkiye. We tried to obtain
mortality data by comparing these data to the estimated
population.

Deaths due to heart failure tend to increase in Turkiye
in the last ten years, as in the whole World. Especially
between 2009 and 2016, the increase in mortality is
higher. However, after 2016, deaths due to heart failure
tend to decrease slightly in the general population. The
rise in cardiology clinics and angiography units in Turkiye
has greatly impacted this decreasing trend. In addition,
attention to treatment standardization with the increase in
guidelines and scientific congresses is a major factor in the
decreasing mortality trend after 2016.

Akintoye et al., in their study published in 2017, investigated
the in-hospital mortality of heart failure between 2001-
2014. They showed that heart failure mortality decreased
between these years (11). They found that the annual
average mortality decrease was more significant after
2006. They believed that the guideline published in 2005
has a role in this decreasing trend (12). In our study, we can
say that the national cardiac prevention program has a role
in the mortality decline trend since 2016.

In a heart failure mortality study conducted in Japan,

Shiraishi et al. investigated the 30-day and 1-year mortality
of patients hospitalized with the diagnosis of acute heart
failure (13). In the study, although there was a significant
decrease in the length of hospitalization between 2007 and
2015, no reduction was observed in 1-year mortality rates.
The fact that Japanese people have an older population
may explain this situation. However, our study found a non-
significant downward trend in the elderly population (+85)
mortality in males and females.

In the past years, there have been studies investigating
heart failure mortality in many countries in Europe. Studies
to obtain mortality data from national hospital records in
Denmark (1983-2012) (14), Sweden (1987-2006) (15),
France (2000-2012) (16), Scotland (1986-2003) (17) and
the Netherlands (1980-1999) (18) indicate that heart failure
mortality decreases overall. A long-term cohort study in
Denmark shows that the 5-year mortality of heart failure
is decreasing. It was observed that this decrease is more
prominent, especially after 2001 (14). We observed an
increase in heart failure mortality between 2009 and 2019
in our study. However, we have shown that this increase
has been broken in 2016 and has entered a significant
downward trend. Since our study was not a follow-up study
like other studies, we obtained standardized mortality data.
However, we think these data will be as useful as other
studies in predicting the mortality trend because Joinpoint
regression analysis is the most frequently utilized analysis
among the statistical methods used to determine the
significant changes and breakpoints in the mortality trend
over time (19).

Contrary to European data, heart failure mortality in our
country has increased until 2016. The fact that the national
heart health program (2007) and cardiology societies
matured later than in Europe may be a reason for this
situation (20). However, it has been observed that mortality
has decreased after the cardiology societies and scientific
congresses in our country have spread all over the country
since 2016.

In the cohort study conducted in Sweden, the mortality rates
of patients under 55 years were emphasized. Barasa et al.
showed that mortality decreased in all age groups between
1987 and 2006. Still, they observed that this decrease
was less pronounced in the under-55 age group after
2001 (15). In our study, we found a continuous increase
in the age group of 35-65 years, in which died due to heart
failure was reported. We can say that the most important
reason for this situation is that prevalence of smoking is
still high in this age group. In studies conducted in Turkiye,
it is estimated that approximately 45% of men in this age
group smoke cigarettes (21). We think that compliance with
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treatment and regular health checks is less in Turkiye’'s
young age group than in the elderly group. Lack of regular
health checks for heart failure is an important risk factor for
mortality and hospitalization (22). We think that this may be
one of the reasons for the increased mortality in this age

group.

Usage of SGLT-2 inhibitors and valsartan/sacubitril in
Turkiye after 2016 may also affect this decrease. The
inclusion of 779 patients in the angiotensin receptor
neprilysin inhibitor for patients with heart failure and reduced
ejection fraction: Real-world experience from Turkey (ARNI-
TR) study published in 2021 shows the percentage of use
of valsartan/sacubitril therapy at the national level (23).
We know that obesity has increased in young adults and
children, especially in obesity studies conducted after
2009 in Turkiye (24). Obesity is one of the important risk
factors for cardiovascular diseases. Therefore, one of the
areas for the increase in both overall mortality and the
young population’s mortality may be the increase in the
prevalence of obesity.

The over-65 age mortality decreases after 2016, in line with
the general population. The compliance of elderly patients
with treatment and their more strict cardiology outpatient
follow-up seems to be compatible with these data (25).

Turkiye has seven geographical regions. However,
since the population distribution of these regions is
disproportionate, TurkStat divided the data into 12 regions
according to the population and recorded the data. The first
of these regions covers the province of Istanbul. Istanbul is
the most developed province in terms of the health system
(26). The highest number of hospitals and cardiology clinics
are located in Istanbul. Therefore, greater access to health
services may be a reason for the decrease in mortality in
Istanbul between 2009 and 2019.

Another data showing the mortality effect of access to
health services is the increase in deaths due to heart failure
in Southeastern Anatolia, eastern Anatolia, and Eastern
Karadeniz. It is more difficult for patients living in rural
areas of these mountainous regions to reach hospitals. In
addition, disruption of follow-up in heart failure requiring
strict follow-up has been associated with mortality.

The most important limitation of our study is the lack of
data on the demographic characteristics of the patients. We
only have the age and gender data of the patients. Another
important limitation is that our study is not a follow-up study.
However, the compatibility of our data with the follow-up
studies in which mortality data were obtained is one of the
strengths of our study.

CONCLUSION

As a result, our country has made significant progress in
managing heart failure, especially in the last five years, and
has approached a national treatment standard. We observe
the results of this as a decrease in mortality after 2016.
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