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OBJECTIVE: Epidemiological studies have shown that mortality owing to the coronavirus disease 2019 (COVID-19) could be under-
reported under different conditions. Excess mortality analysis is suggested as a useful tool in estimating the impact of the disease.

MATERIAL AND METHODS: Mortality data between January 01 and May 18, 2020, were analyzed to evaluate the excess mortality ow-
ing to COVID-19 in Istanbul, the city most affected by the pandemic in Turkey. The average weekly percentage changes in the number of
deaths in 4 previous years were compared with those in the year 2020 using excess mortality analysis.

RESULTS: The number of deaths in Istanbul was significantly higher in 2020 (p=0.001), with a 10% weekly increase between the 10th
and 15th weeks, which started to decrease until the 20th week. The excess mortality found during the study period was 4,084 deaths,
higher than the officially reported COVID-19 mortality.

CONCLUSION: Our findings demonstrated that mortality owing to COVID-19 could be higher than the official figures reported by health
authorities.
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INTRODUCTION

As of July 05, 2020, the World Health Organization (WHO) reported more than 11 million confirmed coronavirus disease
2019 (COVID-19) cases and over half a million deaths worldwide [1]. Turkey notified its first COVID-19 case on March
11, 2020, and has been considerably affected by the pandemic since then. By the end of the first week of July 2020, the
Turkish Ministry of Health (MoH) had reported a total of 205, 758 confirmed COVID-19 cases and 5,225 deaths through-
out the country [2].

These figures are vital in understanding the magnitude of the pandemic; however, they are not fully sufficient in reveal-
ing the disease impact. Although the WHO recommends the use of confirmed and probable case definitions for global
surveillance of COVID-19, most countries use epidemiological measures that rely solely on polymerase chain reaction
(PCR)-confirmed cases [3]. Hence, the figures are affected by the limited availability of laboratory testing and the sensitiv-
ity of PCR tests, which lead to an underestimation of the morbidity data [4, 5].

Evaluating weekly excess deaths owing to COVID-19 is suggested as an alternative method to overcome the shortcoming
of the estimates mentioned earlier [5, 7]. Excess mortality is calculated by comparing the number of deaths in the epi-
demic period with that of the previous years for a specific population. Hence, excess mortality is basically the difference
between the observed and the expected deaths that are attributed to the event of interest. This estimate provides 2 advan-
tages. First, it takes into account the mortality among the undiagnosed, mainly false-negative cases, who are not notified
within the surveillance system [7]. Excess mortality also provides a correction for patients who had died owing to causes
other than COVID-19 without getting the medical attention they needed [5]. The healthcare-seeking behavior might
have changed owing to the COVID-19 pandemic. Some patients with health conditions other than COVID-19 might be
reluctant to consult healthcare for the fear of getting infected. The lockdown might have contributed to this problem even
more; some fatalities might have resulted from not getting timely medical attention [5, 8]. In addition, in some regions, the
health services could have been overwhelmed by COVID-19, and it is proposed that the additional mortality might have
occurred because of the system disruption [9]. Hence, the calculation of excess deaths is a useful and objective way to un-
derstand the direct and the indirect burden of COVID-19 on the population of interest. A number of studies that evaluate
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excess deaths in different populations indicate considerable
increases in all-cause mortality attributed to COVID-19 [5,
8-13]. By studying these examples, we can compare different
prevention and control policies across diverse populations
using an objective method [7, 11].

A method other than official reporting of confirmed cases is
necessary owing to huge variations in under-reporting of CO-
VID-19 deaths between countries [14]. Studies carried out
by economists have shown that the number of excess deaths
is usually greater than the number officially reported by gov-
ernments [15]. A study from ltaly has shown that estimated
excess was 44,352 deaths for persons aged >60 years and
680 for those younger than 60 years. The official reported
deaths owing to COVID-19 were 21,046 [16]. A British study
that revealed the highest excess all-cause mortality compared
with that reported in the previous year urges the use of ex-
cess all-cause mortality as an indicator of disease burden in
COVID-19 [17].

The objective of this study was to investigate the excess mor-
tality owing to COVID-19 by comparing the pandemic period
with the previous 5 years for Istanbul. Istanbul was selected
as the study area because the Turkish MoH announced that
more than 50% of the cases were notified from Istanbul [18].

MATERIAL AND METHODS

Mortality data for the first 20 weeks of 2016-2020 were ac-
cessed from the electronic state statistics data provided by the
Municipality of Istanbul [19]. Mortality data between January
01 and May 18, 2020, for a total of 20 weeks were analyzed.
This study was approved by Ethics committee of Ko¢ Univer-
sity (Approval No: 2020.276.IRB1.099).

Statistical Analysis

Mortality rates were considered dependent variables, and
weeks were considered independent variables. Logarithmic
transformation was applied to all dependent variables. A
permutation test was performed to determine the number of
joints. Grid search method was used to find the best pos-
sible fit for parameter estimates, and finally, parallelisms of
trend data whose mean functions are represented by join-
point regression were compared between the past 5 years.
Segmented regression analysis was performed using the Join-
point Regression Program, version 4.8.0 (Joinpoint Regres-
sion Program, Version 4.8.0.1 - April 2020; Statistical Meth-
odology and Applications Branch, Surveillance Research
Program, National Cancer Institute.) [20]. Average weekly

MAIN POINTS

e  Excess mortality analysis is a useful tool in evaluating
the burden of coronavirus disease 2019 (COVID-19)
pandemic.

e Excess mortality owing to COVID-19 in Istanbul could
be higher than the official figures reported by the health
authorities.

e There is a need to implement a national system for
monitoring excess mortality to evaluate the burden of the
pandemic and its impact on the most affected subgroups.

percent change (APC) and 95% confidence intervals (Cls)
were calculated for each segment to evaluate the direction
and effect size of the trend. A p-value<0.05 was considered
statistically significant.

RESULTS

Mortality data of Istanbul were analyzed for the first 20 weeks
of the past 5 years. When an absolute number of deaths were
compared between 2020 and 2019, an excess amount of
mortality was observed starting from the 11" week (10-16
March). The difference in the number of deaths between
2020 and 2019 for the 11t, 12, 13" and 14" weeks was
93, 248, 293, and 804 deaths, respectively. The highest dif-
ference in the number of deaths between 2019 and 2020 was
observed in the 15" week (7-13 April) as 813 deaths. The
difference reduced in the following weeks. The difference in
the number of deaths between 2020 and 2019 for the 16",
17, 18" and 19" weeks was 666, 488, 287, and 296, re-
spectively. The number of deaths on the 20" week of 2020
was 96 deaths higher than that in the previous year. The total
difference in the number of deaths between the 11" and 20*
weeks of 2020 and those of 2019 was 4,084. The number of
cumulative weekly deaths by year is presented in Figure 1.

Results of segmented regression analyses for deaths in Istanbul
are presented in Table 1. Different numbers of the segments
were observed for weekly changes in Istanbul for the past 5
years. In 2016, the number of deaths had increased rapidly with-
in the first 2 weeks of the year (APC=19.3, 95% Cl=1.6-40.2)
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Figure 1. Number of cumulative weekly deaths by year in Istanbul,
2016-2020.
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Figure 2. Comparison of the weekly case increase rates of 2016 with
those of 2020 for the first 20 weeks of the year.
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Table 1. Trend analysis for deaths in Istanbul for 2016-2020*

Year
2016

2017

2018

2019

2020

Number of segments

1
2
1
2
3
1
2
1
2
3
1
2
3

4

Weeks of segments

1-3
3-20
1-3
3-6
6-20
1-3
3-20
1-3
3-7
7-20
1-3
3-10
10-15
15-20

lower endpoint
January 01, 2016
January 13, 2016
January 01, 2017
January 13, 2017
February 03, 2017
January 01, 2018
January 13, 2018
January 01, 2019
January 13, 2019
February 10, 2019
January 01, 2020
January 13, 2020
March 03, 2020

April 07, 2020

Dates of segments
Upper endpoint
January 12, 2016

May 18, 2016
January 12, 2017
February 02, 2017

May 18, 2017
January 12, 2018

May 18, 2018
January 12, 2019
February 09, 2019

May 18, 2019

January 12, 2020
March 02, 2020

April 06, 2020

May 18, 2020

APC (95% ClI)
19.3 (1.6-40.2)
-1.2(-2.3to-1.2)
14.2 (6.9-22)
-7.6 (-13.5to-1.3)
-0.9 (-1.2 t0 -0.6)
17 (7.2-27.7)
-1 (-1.3t0-0.7)
26.3 (14.4-39.4)
-7 (-11.5t0 -2.3)
-1.1 (-1.6 to -0.5)
21 (9.4-33.8)
-3.9 (-5.6 to -2.3)
10 (6.5-13.5)
-7.7 (-9.8 to -5.6)

APC: average weekly percentage change; Cl: confidence interval

*The segments, which encompass the dates after the notification of the first case (11 March 2020), are presented in bold.
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Figure 3. Comparison of the weekly case increase rates of 2017 and
with those of 2020 for the first 20 weeks of the year.
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Figure 4. Comparison of the weekly case increase rates of 2018 and
with those of 2020 for the first 20 weeks of the year.

and slowly decreased until May 18 (APC=-1.2, 95% Cl=-2.3 to
-1.2) (Figure 2). In 2017, there were 3 significant segments. The
number of deaths had increased rapidly within the first 2 weeks

2019: 2 Joinpoints versus 2020: 3 Joinpoints
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Figure 5. Comparison of the weekly case increase rates of 2019 and
with those of 2020 for the first 20 weeks of the year.

of the year (APC=14.2, 95% Cl=6.9-22) and moderately de-
creased between the 39 and 5" weeks (APC=-7.6 95% Cl=-13.5
to -1.3) and slowly decreased between the 6™ and 20" weeks
(APC=-0.9, 95% Cl=-1.2 to -0.6) (Figure 3). In 2018, the trends
were very similar to those of 2016 (Figure 4). In 2019, there was
a rapid increase in the first 2 weeks (APC=26.3, 95% Cl=14.4—
39.4), and then the number of deaths started decreasing rapidly
between the 3 and 6" weeks (APC=-7, 95% Cl=-11.5 to -2.3),
and the decrease continued with small changes until the 20®
week (APC=-1.1, 95% Cl=-1.6 to -0.5) (Figure 5). In 2020, the
weekly decline rate was 21% (APC=21, 95% CI=9.4-33.8) for
the 2 weeks, there was a significant decline between the 3 and
10" weeks (APC=-3.9, 95% Cl= -5.6 to -2.3), and this contin-
ued with 10% weekly increase between the 10 and 15" weeks
(APC=10, 95% Cl=6.5-13.5) and then started to decrease until
the 20" week (APC=-7.7,95% Cl=-9.8 to -5.6). When the APCs
for the 4 previous years were compared with those of the year
2020, the number of deaths in istanbul was significantly higher
in 2020 (p=0.001).

139



140

Turk Thorac J 2021; 22(2): 137-41

DISCUSSION

Calculation of public health impact is crucial in the fight against
a novel epidemic. Precise estimation of the severity of disease
and mortality rate may change the management strategies.
Therefore, accurate epidemiological data are of utmost impor-
tance. The results of this study showed a distinct increase in the
number of deaths between the 10" and 15" weeks of 2020 com-
pared with those of the previous 4 years in Istanbul. The total
difference in the number of deaths between the 11" and 20®
weeks (March 10-May 18) of 2020 and 2019 was 4,084.

According to the MoH report, between March 11 and July
05, 2020, there were 2,711 COVID-19 deaths in Istanbul [2].
The report explicitly declared that all COVID-19 cases were
laboratory confirmed. In other words, COVID-19 cases with
PCR-negative results were not included in mortality statis-
tics. The WHO indicates that mortality owing to COVID-19
is defined as a death resulting from a clinically compatible
illness in a probable or confirmed COVID-19 case [6]. CO-
VID-19 should be recorded on all death certificates where
the disease caused, assumed to have caused, or contributed
to the fatality [6]. However, this is mostly not the case; if the
decedent is PCR negative, COVID-19 does not appear on the
death certificate [7]. In addition, because patients with co-
morbidities have an increased risk of mortality, there might be
a tendency to notify the comorbidity as the cause of death,
although the patient had died owing to COVID-19 [7].

The available severe acute respiratory syndrome coronavirus
2 PCR kits are of variable quality, sensitivity, and specificity.
Obtaining specimens requires training and skill. There is no
test that can detect the COVID-19 with 100% reliability [4].
A negative PCR test cannot eliminate the diagnosis of COV-
ID-19, especially when typical clinical features were record-
ed. Therefore, the WHO has recommended the notification
of PCR-negative probable cases [3]. Failing to comply with
the guidelines of WHO might result in under-reporting of the
COVID-19 morbidity and mortality. Moreover, the testing ca-
pacities of several countries were limited at the beginning of
the pandemic. Contact tracing was not performed, and mild
symptoms were easily mistaken for another infection. There
were no standardized diagnostic strategies within countries.
Differences in surveillance resulted in heterogeneous statis-
tics [21]. The data on the sensitivity and specificity of the test
applied in Turkey are not adequate. Therefore, it may be pos-
tulated that a reporting system based solely on PCR positivity
will not be showing the real burden of the disease.

In many countries, excess mortality estimation has been
used to calculate COVID-19 mortality burden [21]. Scientists
urged policymakers to use weekly excess death statistics and
compare them with the expected average deaths to under-
stand the scale of the disease [7]. Excess mortality can indi-
cate that some people have died from COVID-19 without be-
ing diagnosed, but it may also include people with unrelated
health conditions who were afraid to visit the hospital during
the pandemic and were not treated properly [8]. It may also
reflect the deaths owing to other unrecognized events.

The European monitoring of excess mortality for public health
action (EuroMOMO) network studied the all-cause mortality

for 24 European countries in March-April 2020. Of all the ex-
cess mortality, 91% was attributable to the deaths of persons
aged >65 years, where no excess deaths were found in chil-
dren aged <14 years. Between the 1% and 18" week, the excess
mortality was 185,287 (21). The EuroMOMO recommends the
use of excess mortality analysis as a simple national mortality-
monitoring system. These mortality data were very useful in
assessing the impact and planning public health strategies.

The excess mortality found between March 10 and May 18,
2020, in Istanbul was 4,084, whereas the officially reported
COVID-19 mortality, which included 3 more weeks, was
2,771 deaths. This means that there were at least 1,373 un-
explained deaths between the 11" and 20" week of 2020
compared with those of the previous year. Excess mortality
calculation does not reveal the cause of the deaths but gives
a clue about a fatal incidence occurring at the given time.
Elimination of other possible life-threatening conditions may
give an idea about the real cause. The increased number of
deaths during the peak of the pandemic may not be com-
pletely explained by the under-reporting of COVID-19 cases.
However, excess mortality returning to normal death patterns
in tandem with the decreased number of reported COVID-19
cases may indicate COVID-19 mortality.

To understand the impact of the pandemic, we need to further
document excess mortality by sex and age groups [7]. We
also need to explore the data at the regional and sub-regional
levels because local factors might be important determinants
of the pandemic. Comparing regional data can also provide a
clue in understanding the impact of non-pharmaceutical in-
terventions, which could prepare us for the upcoming waves
[5, 7, 11]. Therefore, we suggest the implementation of a na-
tional system for monitoring excess mortality to evaluate the
burden of the pandemic and its impact on the most affected
subgroups. Such a monitoring system would be valuable and
practical to assess the objective toll of all future disasters and
not only the pandemic.

Excess mortality analysis may be a useful tool in estimating
the impact of a disease with an unpredictable outcome. When
working through different diagnostic methods and reporting
systems, the only common denominator remains to be mortal-
ity statistics. Excess mortality in many countries during March-
June 2020 clearly shows the need for better compliance with
the WHO guidelines for coding and reporting COVID-19.
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