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ABSTRACT

Objective: Infectious diseases continue to be one of the
leading causes of death worldwide. This descriptive
epidemiological study aimed to evaluate the trends in
mortality from infectious diseases in Turkey from 2009 to
2018 using joinpoint regression analysis.

Material and Method: Mortality data used in this study,
which belong to the years 2009-2018, were obtained

from the Turkey National Institute of Statistics records.

Age-standardized mortality rates were calculated using
a direct method by the age group of the proposed world
population. To identify significant changes in trends,

joinpoint regression analysis was performed.
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Results: During the study period, about 168,000 people
died from infectious diseases. The age-standardized

mortality rate from the infectious disease increased
from 9.82/100,000 in 2009 to 29.07/100,000 in 2018.
Throughout the study period, mortality rates were
consistently higher in males than in the female. During
the period, the greatest significant increase in both males
(23.2% per year) and females (23.1% per year) was in
pneumonia.

The results showed that pneumonia mortality was of great
importance for eldetly patients.

Conclusion: To reduce the mortality rates associated
with infection, protective measures should be taken in the
elderly and, pneumonia and sepsis disease should be the
focus of preventive policies in the elderly population.
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ENFEKSiY()Z HASTALIK MORTALITELERINDEKI
TRENDLERE GENEL BiR BAKIS, TURKIYE:
2009-2018

OZET

Amag: Enfeksiyon hastahiklari, dinya capinda
onde gelen 6ltim nedenlerinden biri olmaya devam
etmektedir. Bu tanimlayict epidemiyolojik ¢alismanin
amac1 2009-2018 yllar1 arasinda Tiirkiye'de enfeksiyon
hastaliklarn mortalite oranlarindaki trendleri joinpoint

regresyon analizi ile degerlendirmektir.

Materyal ve Metot: Bu calismada kullanilan 2009-
2018 yillarina ait mortalite verileri Ttirkiye Ulusal
[statistik Enstittistt kayitlanndan elde edildi. Yasa
gore diizeltilmis mortalite oranlar, 6nerilen diinya
ntfusunun yas dagilimimna gore dogrudan diizeltme
yontemi kullanilarak hesaplandi. Trendlerdeki ¢nemli
degisiklikleri belirlemek i¢in joinpoint regresyon
analizi uyguland.

Bulgular: Calisma periyodu boyunca yaklasik 168.000

kisi enfeksiyon hastaliklardan oldi. Enfeksiyon
hastaliklarinda yasa gore dtzeltilmis mortalite oran
2009'da 9,82/100.000'den 2018'de 29,07/100.000'e
yiikselmistir.  Calisma  stiresi  boyunca mortalite
erkeklerde kadmlara gore daha yiiksekti. Dénem
boyunca hem erkek (her yil %23,2) hem de kadinlarda
(her yil %23,1) en buytk anlamh artis pnomonide

olmustur.

Sonuclar pnomoni mortalitesinin yaslh hastalar i¢in
btyitk 6nem tagidigini gostermistir.

iliskili
azaltmak icin yaghlarda koruyucu énlemler alinmal

Sonug: Enfeksiyonla mortalite oranlarini
ve yash ntfusta pnémoni ve sepsis hastaligi nleyici

politikalarin odag1 olmalidir.

Anahtar kelimeler: Enfeksiyon hastaliklari, mortalite,

joinpoint regresyon analizi.

INTRODUCTION

Despite a century of successful prevention and control
efforts, the global burden of infectious diseases
remains a major global problem in public health.!
Infectious disease today ignores the geographic and
political boundaries and therefore constitutes a global
threat that puts every nation and every person at
risk. Infectious diseases continue to be a burden on
populations around the world. Biological threats, both
naturally occurring and deliberate, have the potential
to cause disease, disability, and death.?

Infectious diseases continue to be the leading causes of
ill health among poor people.® These diseases kill about
9 million people each year. Most of these deaths were
poor people in low- and middle-income countries, and
most deaths occurred in children under the age of five.
Infectious diseases are prevalent among those affected
by conflict and populations living in war zones,
internally displaced populations, refugees.*

The joinpoint regression (JR) model defines significant
changes in the incidence, mortality, and survival
trends of a specific disease in a given population. JR
is widely applied to detect these change points and
determine the trends between joinpoints. Having
good estimates and predictions of such mortality
rates helps us not only to monitor and evaluate the
current status of the disease but also to establish an
evidence-based policy for resource allocation. Thus,
the main objectives of the present study are as follows
(a) to determine significant increases or decreases

in infectious diseases’ mortality (b) to describe the
mortality rate according to the age distribution in
males and females.

MATERIAL AND METHOD
Data Collection

Infectious disease mortality data for the years 2009
to 2018, which reported from the Turkish Statistical
Institute death database was used.” Results are presented
for the following infectious disease types as defined by
International Classification of Diseases, 10" revision
(ICD-10). We analyzed trends by age group (<4 years,
5-14 years, 15-64 years, and 65 years and over) and
infectious disease [intestinal infections (A00-A09),
tuberculo sis (A15-A19, B90), sepsis (A40-A41),
HIV-related disease (B20-B24), pneumonia (J12-J18),
viral hepatitis (B15-B19), influenza (J09-J11), acute
respiratory(JOO-J08), (G00-G03)
meningococcal infections (A39)].

meningitis and

All analyzes were performed separately for both
genders. Age-standardized death rates per 100,000
population (using WHO standard population) were
computed for each year using direct standardization.®

The age-standardized rate is the weighted average
of the age-specific rates; where weights are the
proportions of the population in the suitable age
groups of a standard population. The age-standardized
rate for an age group comprised of the ages x through
y is computed using the following formula:
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stdpop, ]
Zj _stdpop,

= |/ count
Age-standardized rate = Z [( oop . )xlO0,000x[

For the standardization, five-year age groups were
used. The present approach adjusts crude rates by the
age distribution, therefore it is useful for comparing
populations of dissimilar countries.

Statistical Analysis

In epidemiological studies, JR analysis is widely used
in modeling trends in mortality or incidence series.
The analysis begins with the minimum number of
joinpoints and tests whether one or more joinpoints
are statistically significant and should be added to
the model. The number of joinpoints is determined
by performing permutation tests (A permutation test
calculates the probability of values equal to or greater
than the observed values of the test statistic under the
determined null hypothesis by recalculating the test
statistics after random reordering of the data), each of
which had a correct asymptotic significance level. This
level of significance is found using Monte Carlo methods
and applying Bonferroni corrections.” The final model
shows the best fitting joinpoints where the rate changes
significantly. Each joinpoint informs of a statistically
significant change, an estimated annual percent change
(APC), and average annual percent change (AAPC) that
are calculated with 95% confidence intervals (95%CI).
AAPC is the geometric mean of the annual changes
from all of the partitions.®? It is the same for APC and
AAPC zero joinpoints. When describing trends, the
terms "increase" and "decrease" are used when the

4%—\1% 2% 2% 3%

M Intestinal infections M Pneumonia 1 Other
(n=2,912) (n=100,583) (n=2,782)
M Tuberculosis Viral Hepatits
(n=6,022) (n=7,109)
M Sepsis Influenza
(47,101) (n=1,457)

Figure 1. Distribution of common infectious disease mortality in Turkey, 2009 to 2018

slope of the trend (positive APC or AAPC; negative
APC or AAPC) is statistically significant. Changes in
mortality rates over time were analyzed according to the
equation (APC=[exp(p)-1]x100), where B is the slope
of the regression of log rates over one year. In this study,
infectious disease rates were specified per 100,000
people per year” Analyzes were applied using the
Joinpoint Regression Program 4.7.0.0-2018 offered by
the surveillance research program of The USA National
Cancer Institute.’® The average annual percentage
changes for mortality rates were described with a 95%
confidence interval. Since our study includes 9 years,
we let the maximum number of joinpoints for analysis
as one (As the recommended maximum number of
joinpoints is in the range of 7-11).!' Analyzes were
applied at a 0.05 significance level.

RESULTS

Between the years 2009-2018 stems from a total
of 3.615 million people who had lost their lives in
Turkey, of which approximately 4.6% of infectious
diseases (about 168,000 people). While the rate of
deaths of infectious diseases in total deaths was 2.6
in 2009, this rate increased to 7.7 in 2018. So it has
increased about 3 times. Most of those who died
from infectious diseases were pneumonia (more than
100,000 deaths, nearly 60% of all) (Figure 1). Also,
approximately 88% of deaths in infectious diseases
are pneumonia and sepsis.

The age-standardized mortality rate (ASR) from
infectious diseases increased from 9.82/100,000
population in 2009 to 29.07/100,000 population in
2018. The ASR from infectious diseases has increased
since 2009, from 11.64 per100,000 to 34.68 per
100,000 for males and from 8.26 per 100,000 to 24.45
per 100,000 for females in 2018 (Table 1). Pneumonia
was the leading cause of infectious disease death both
in 2009 and 2018 in both genders (male:4.19/100,000
population in 2009 and 23.06/100,000 population
in 2018; female: 2.98/100,000 population in 2009
and 14.05/100,000 population in 2018). Of the top
5 infectious diseases, acute respiratory infections (on
the 2009 list) were replaced by intestinal infections
in males (on the 2018 list). In females, of the top 5
infectious diseases, tuberculosis, ranked 4™ in 2009,
fell to 5" in 2018, with non-listed intestinal infections
rising to 4" place (Table 2).

The results of the JR, the APC for each trend, and
the AAPC for males and females are shown in Table
3JR analysis results indicated that there was an
overall significant trend for mortality of infectious
diseases in Turkey over the entire observation period
(AAPC=+15.3%, 95% CI 12.9;17.7) (Figure 2).

176

NOBEL MEDICUS 51 | CiLT:17, SAYI: 3



When evaluated according to sepsis and pneumonia,
the zero joinpoint model was found to be the best-
fit model for both genders. During the period, a
significant increase in the mortality rate of pneumonia
and sepsis was observed in both sexes. Throughout
the study period, there was a significant increase
in HIV-related disease in men, while there was an
increase in women, but it was not significant. JR
showed that both viral hepatitis and tuberculosis
mortality decreased similarly both in males and
females. Significant decreases in viral hepatitis and
tuberculosis mortality rate were observed in both
sexes, especially after 2013. As a result, AAPCs of
acute respiratory mortality for the full period in males
and females were-27.2% (95% CI-39.8 to-3.9) and
-28.2% (95% CI-39.3 to-15.1), respectively. The
age-standardized intestinal infectious mortality rate
for males showed a significant 72.3% increase each
year from 2009 to 2013 and a significant decrease of-
11.6% from 2013 to the end of the period. A similar
situation was valid in females (a significant increase of
68.5% per year from 2009 to 2013, and a significant
decline of-11.7% per year from 2013 onwards). A
steady increase was observed in influenza mortality
during the period (2009-2018) in males but non-
significant. The female, influenza mortality non-
significantly increased by 3.3 percent per year from
2009 to 2018 (p=0.60).

The results of the JR analysis by age group for sepsis
and pneumonia disease mortality are summarised in
Table 4. In sepsis disease, among the 0-4 age group,
2 periods of change were evident. The first period
(2009-2013) was associated with an APC of —11.1
(p<0.001) and the second period (2013-2018) with
an APC of 2.0 (p=0.20). Overall, the average APC for
2009-2018 was—4.0, reflecting a significant decrease
from 5.75 to 3.62 deaths/100,000 population. Among
the people in the 5-24 age group, the average APC
increased during 2009-2018 (AAPC= 5.1) but non-
significant (p=0.10). The most obvious increases in
mortality were in people with 25 and over age group
during 2009-2018 (AAPC=8.3 for 25-44; AAPC=10.8
for 45-64; AAPC=16.9 for 65-and over; p<0.001).

During the working period, a steady significant
increase was observed in pneumonia disease mortality
for 5 and over age groups. The highest significant
increase was realized in 45 and over (AAPC=25.3
for 45-64 age group; AAPC=29.6 for 65 and over
age group). Although no significant decrease was
observed in the 0-4 age groups during the years of
2009-2011, significant increases were observed from
2011 to the end of the period (APC:9.7; CI: 1.3 to
18.6).

Table 1. Deaths, Crude rates and age-standardised mortality rates from infectious disease by sex, Turkey,
2009-2018.
Male Female Overall
Vears |Deaths | C™9€ | ASR | Deaths | CU9® | AR | Deaths | Crde | pgm
rate rate rate
2009 3395 | 1096 | 1164 | 3327 | 92 826 | 7322 | 1009 | 982
2010 4065 | 1087 | 1144 | 3499 954 192 7564 | 10.26 955
2011 4791 | 1276 | 1292 | 4154 | 1A7 | 887 | 8% | 11.97 | 1078
2012 4915 | 1295 | 1275 | 4456 | 1183 | 912 | 9371 | 1239 | 1007
2013 6743 | 1763 | 1690 | 5862 | 1532 | 1148 | 12595 | 1643 | 1394
2014 8382 | 2150 | 2013 | 7673 | 1982 | 1384 | 16055 | 2066 | 16.78
2015 | 10584 | 2679 | 2430 | 9963 | 2440 | 1739 | 20647 | 2603 | 20.62
2016 | 12914 | 3225 | 2876 | 12223 | 30.75 | 2089 | 25143 | 3150 | 243
2017 | 14426 | 3559 | 3113 | 13832 | 3434 | 2218 | 28258 | 3497 | 2625
2018 | 16698 | 4059 | 3468 | 15778 | 3861 | 2445 | 32476 | 3960 | 29.07
ASR: Age-standardised rate
Table 2. Causes of death from major infectious disease, 2009 and 2018
2009 2018
Deaths ASR Wale Deaths ASR
Pneumonia 1461 419 | Pneumonia 9,504 23.06
Sepsis 1178 352 | Sepsis 3,857 9.58
Tuberculosis 902 187 | Tuberculosis 336 062
Viral Hepatits 408 119 | Viral Hepatits 313 051
Acute respiratory 175 051 Intestinal infections 145 029
Pneumonia 1,268 298 | Pneumonia 9078 1405
Sepsis 1,080 216 | Sepsis 3985 144
Viral Hepatits 316 081 Viral Hepatits 246 031
Tuberculosis 203 061 Intestinal infections 200 028
Acute respiratory 192 051 Tuberculosis 132 024
ASR: Age-standardised rate
B Obseved — 20092018 APC= 155"
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Figure 2. Age-standardizedinfectious diseases mortality trend in Turkey, 2003-2018;
joinpoint regression analysis
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Table 3. Trends in age-standardized death rates for infectious disease in Turkey according to joinpoint regression analysis, 2003-2018 (Male, Female)”

AAPC(35% Cl) Trend 1 Trend 2
Full Range
(2009-2018) Period APC (95% CI) Period APC (95% CI)
Male
Pneumonia 228" (19010 26.7) 2003-2018 228" (19010 26.7)
Sepsis 130" (10510 15.6) 2003-2018 130" (105 t0 15.6)
Viral Hepatits 197 (109 to -4.8) 2003-2013 37(-321011) 2013-2018 -163” (-20.7 to -11.6)
Tuberculosis 927 (10210 -8.1) 2003-2018 927 (10210 -8.1)
Intestinal infections 1897 (7110 321) 2003-2013 723" (301 t0 1283) 2013-2018 118" (-204 to -1.8)
Meningitis 02(-271032) 2003-2018 02(-271032)
Influenza 76(-131025.0) 2003-2018 76(-131025.0)
HiV-related disease 697 (3310 106) 2003-2018 697 (3310 106)
Acute respiratory 212" (-33810-39) 2009-2018 212" (-338t0-39)
Meningococcal infections 26 (-93 10 46) 2009-2018 -26(-93 10 46)
Female
Pneumonia 226" (18310 26.9) 2003-2018 226" (183 t0 26.9)
Sepsis 128" (10310 15.3) 2003-2018 128" (10310 15.3)
Viral Hepatits 857 (12610 -41) 2003-2013 06 (-8.710109) 2013-2018 1617 (21510 -83)
Tuberculosis 18" (10410 -5.1) 2003-2018 18" (10410 -5.1)
Intestinal infections 176" (5010 31.8) 2003-2013 685" (246101279) 2013-2018 AT (21.10-07)
Meningitis 14 (-b4 10 28) 2009-2018 14 (-541028)
Influenza 3.3 (-10.7 t0 19.5) 2009-2018 3.3 (-10.7 to 19.5)
HIV-related disease 90 (-06t0 19.6) 2009-2018 90 (-06 to 19.6)
Acute respiratory 282" (-393t0-15.1) 2009-2018 282" (-333 t0-15.1)
Meningococcal infections 43(-b310152) 2009-2018 43(-5310159.2)

*AAPG: Average Annual Percent Change; Cl: Confidence Interval; APG: Annual Percent Change; “ : APC and AAPC are statistically significantly different from zero (two-sided p < 0.06); selection of the model: permutation test

with 4,439 replications.

Table 4. Trends in age-specific crude rate mortality rates associated with sepsis and pneumonia disease derived using joinpoint regression analysis, (2003-2018)

Crude mortality | AAPC(95% CI) Trend 1 Trend 2
Age-Groups rate Full Range

2009 | oorg | (2005-2017) Period | APC (35% CI) Period | AP (95% C)
Sepsis
0-4 575 362 40" (-6110-19) 2009-2013 N7 (151 10 -69) 2013-2018 20(-15105.7)
5-24 024 044 51 (1410 121) 2009-2018 51 (1410121)
25-44 0.8 1.07 837 (371013.1) 2009-2018 83" (3.710131)
45-64 317 915 1087 (851013.2) 2009-2012 24 (9510 6.3) 2012-2018 1817 (16810 202)
65 and over 2850 | 9630 | 169" (14610 193) 2009-2018 1697 (14610 19.3)
Pneumonia
0-4 517 617 30(-80 to 154) 2009-2011 172 (-550 t0 62.2) 2011-2018 97" (1310186)
5-24 1.79 367 1097 (7010 16.0) 2009-2018 1097 (7010 16.0)
25-44 268 6.49 16.77 (8.7 10 26.3) 2009-2018 16.77 (8.7 10 26.3)
45-64 6.12 38.76 | 253" (20210 30.6) 2009-2018 2637 (202 to 30.6)
65 and over 2858 | 27958 | 296" (249 to 345) 2009-2016 3437 (2861040.2) 2016-2018 144 (-24 10 340)
*AAPC: Average Annual Percent Change; CI: Confidence Interval; APG: Annual Percent Change; : APG and AAPG e statstcaly significanty diffeent fiom zero (two-sided p < 0.05).
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DISCUSSION

Analyzing temporal trends in infectious disease
mortality in Turkey is important to let comparison of
data at an international level to evaluate the impact
of public health measures, and support the practice
of future interventions and attempts. This is the first
epidemiological study of infectious disease trends in
Turkey that is determined using joinpoint regression
analysis. Also, this study is the most recent analysis
of the mortality of infectious diseases in Turkey.
During the last ten years, the most important causes of
infectious deaths are pneumonia and sepsis (Table 2).
Especially mortality rates due to pneumonia and
sepsis in elderly patients increased over the study
period. According to this result, it is seen that urgent
precautions should be taken for the prevention of
pneumonia and sepsis in the elderly population in
Turkey. Nevertheless, the data evaluated in this study
were not separated into nosocomial and community-
acquired (CA) as for these two disorders. This is one
of the most important limitations of the study and
it makes the interpretation difficult. But for elderly
not only community-acquired but also nosocomial
pneumonia and sepsis is a proven risk factor.!*!> As
in many countries in the world, in Turkey, there is
an increasing trend in multidrug-resistant gram-
negative bacilli that cause nosocomial pneumonia and
sepsis. One of the major reasons for the development
of antibiotic resistance in microorganisms is the
inappropriate use of antibiotics.'®!® So the most
important measure to reduce the mortality nationally
antibiotic use policies should be determined. Also,
practices for the prevention of CA pneumonia and
sepsis will contribute to the reduction of mortality
in elderly patients. Control of comorbidities and
vaccination programs are essential measures that
should be taken additionally."> There is an increase
in the rate of influenza-related death, which is not
significant. This may be due to changing vaccine policy
in Turkey. In people aged at least 65 years, the influenza
vaccination ratio is 15.8% among males and 13.0%
among females in 2013." In 2011 "influenza platform
(GPL)" was established in Turkey with the support

from European Scientists Working on Influenza
(ESWI). This platform contains many doctors from
distinct disciplines. Working together, GPL and the
National Ministry of Health develop many strategies to
increase vaccination rates for example training family
physicians, giving true information is disseminated
to the public instead of misconceptions, free vaccine
supply, etc.’ As a result of all these continuous
work influenza mortality may be decreased. Another
infectious disease in which mortality rates have fallen
is viral hepatitis. New development treatment options
for hepatitis C and increased hepatitis B vaccination
practices can be the reason for this event. With the
new drugs introduced in 2016, a cure for chronic
hepatitis ¢ is provided.”® The most striking result
obtained in this study is that pneumonia and sepsis
mortality rates increased significantly in all age groups
except the 0-4 age group (Table 3). According to
these results, patients over 45 are more likely to have
deaths. On the other hand, it has been reported in
the literature that pneumonia mortality is gradually
decreasing in European countries.*! Therefore, disease
prevention efforts should focus on taking measures to
reduce infections, especially in elderly patients in our
country. In the 0-4 age group, significant reductions
were observed between 2009-2013 for sepsis and
between 2009-2011 for pneumonia. Decreases in
mortality of selected infectious diseases may be due to
improvement in medical facilities, the advancement of
Science and Technology, which is the awareness of the
infectious disease for people.

CONCLUSION

Following the infectious disease deaths data can help
assess disease control and prevention. The trends
defined the continued vulnerability of Turkey residents
to infectious diseases. To reduce the mortality rates
associated with infection, protective measures should
be taken for the elderly, and influenza, pneumonia,
and sepsis should be the focus of preventive policies
in the elderly population.

*The authors declare that there are no conflicts of
interest.
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