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Hospitalized patients with COVID ‑19 are pre‑
dominantly adults and 70% are aged 50 years 
or older.5 The age structure explains the high 
prevalence of comorbidities in this population; 
for example, among patients hospitalized with 
COVID ‑19, approximately 35% had coexisting 
cardiovascular disease, 20% had coexisting chron‑
ic lung disease, and 40% had coexisting meta‑
bolic disease.5 Several studies have document‑
ed the role of coexisting diseases in COVID ‑19 
mortality.6,7 The results of a recent comprehen‑
sive review and meta ‑analysis showed that 70% 
of COVID ‑19 fatalities were associated with such 
comorbidities as hypertension (48%), diabetes 
(25%), and respiratory disease (11%).8 However, 
cardiovascular diseases did not appear to relate 
to fatality, a finding that the authors explained 
as being due to the small sample size.

In Poland, by the end of 2020, the confirmed 
cumulative number of COVID ‑19 cases was 
1 257 799 and the related overall fatality rate was 
2.1%.1 The results of molecular, antigen tests for 

INTROduCTION By the end of 2020, the cumu‑
lative number of confirmed cases of COVID ‑19 
was 79 232 555 globally. This resulted in 1 754 493 
deaths and a 2.2% case ‑fatality rate (CFR).1 In 
Europe, the CFR ranges from 1.8% in Ukraine 
and Russia to 3.5% in Italy and 3.6% in Bulgar‑
ia.2 The vast majority of patients with COVID ‑19 
do not require hospitalization because of a mild 
course of the disease.

Early clinical reports coming mostly from Chi‑
na showed that a severe course requiring hospi‑
talization is associated with a substantial risk 
of mortality and, based on one report, can ap‑
proach 30%.3 A more recent large, retrospective 
cohort study of 6493 cases in New York report‑
ed a 25.9% CFR among hospitalized patients.4 
The New York study identified predictors of in‑
‑hospital mortality as older age, male sex, and 
clinical signs of impaired renal and respiratory 
function. However, the authors did not find an in‑
dependent impact of coexisting medical condi‑
tions such as hypertension, diabetes, or cancer. 
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INTROduCTION The situation regarding COVID ‑19 in Poland is rapidly evolving. Because of this, it is 
important to investigate COVID ‑19 mortality and its predictors in one of the most densely populated 
regions of the country, Silesia Province.
ObjECTIvEs The goals of this study were to assess in ‑hospital mortality due to COVID ‑19 and the impact 
of sex, age, and coexisting diseases on the risk of death.
PATIENTs ANd mEThOds The data analysis was based on discharge reports of patients with COVID ‑19 
hospitalized between March and June 2020 in all hospitals in the region. Age, sex, hospital discharge 
status, and the presence of coexisting diseases were abstracted from the charts.
REsuLTs In a group of 2830 in ‑patients with COVID ‑19, 325 died during hospitalization. COVID ‑19 deaths 
were associated with male sex (odds ratio [OR], 1.52; 95% CI, 1.17–1.96), older age (OR, 6.11; 95% CI, 
4.5–8.31), and the presence of 3 or more coexisting diseases (OR, 4.78; 95% CI, 3.52–6.49). The most 
prevalent comorbidities were chronic cardiovascular and respiratory diseases.
CONCLusIONs The estimated in ‑hospital fatality rate for COVID ‑19 was 11.5%, which is lower than 
the average COVID ‑19 fatality rate in other European countries. The risk of in ‑hospital death was as‑
sociated with sex, age, and the number of coexisting diseases, such as chronic cardiovascular and 
respiratory diseases.
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statistical analysis The data analysis involved 
reports with a diagnosis of COVID ‑19 on dis‑
charge.12 The available information included age, 
sex, hospital discharge status, and coexisting 
medical conditions. Comorbidities were grouped 
into categories based on the International Statis‑
tical Classification of Diseases and Related Health 
Problems, Tenth Revision (ICD ‑10) codes and in‑
cluded cardiovascular diseases (I00–I99), respira‑
tory diseases (J00–J99), and metabolic diseases 
(E00–E99). The age of the patients was present‑
ed as mean (SD) while categorical values were 
presented as absolute and relative frequencies. 
Differences between independent groups were 
tested by the Mann–Whitney test for continuous 
measures (non ‑normal distribution according to 
the Shapiro–Wilk test) or the χ2 test for categor‑
ical measures. Statistical testing of a significant 
trend was assessed using the χ2 test for trend. 
The associations between age, sex, and the num‑
ber of comorbidities and death were calculated 
using raw odds ratios (ORs) and 95% CIs. Results 
of simple analyses were verified using multivari‑
able logistic regression with survival status as 
the dependent variable and number of comor‑
bidities, age, and sex as explanatory variables. 
A P value below 0.05 was considered significant 
throughout the analysis, which was performed 
with the Statistica 13.0 package (TIBCO Soft‑
ware, Inc., Palo Alto, California, United States). 
The study protocol was approved by the Ethics 
Committee of the Medical University of Silesia 
(PCN/0022/KB1/61/20). As we were working 
on secondary, anonymous data collected at the 
province level, written informed consent to par‑
ticipate in the study was not required.

We analyzed the data provided by the available 
hospital discharge records from all hospitals in 
Silesia Province. We extracted data on age, sex, 
diagnosis of COVID ‑19, coexisting diseases, and 
the outcome of hospitalization (death or surviv‑
al). In particular, we aimed to examine the effect 
of the number of coexisting diseases and of ma‑
jor types of coexisting diseases, including car‑
diovascular, respiratory, and metabolic diseases.

REsuLTs The cumulative (March–June) in‑
‑hospital COVID ‑19 fatality rate was 11.5%. 
The mean (SD) age of all 2830 hospitalized pa‑
tients was 58 (19.4) years. Women made up 
48.4% of the study population. The age distri‑
bution of the study group by sex and death is 
presented in TAbLE 1. Those who died were older 
on average than survivors.

All hospitalized patients were divided into 
4 groups defined by the number of coexisting dis‑
eases with the principal diagnosis of COVID ‑19: 
“0 coexisting diseases” (n = 1750), “1 coexist‑
ing disease” (n = 504), “2 coexisting diseases” 
(n = 219), and “3 coexisting diseases” (n = 357). 
A clear association between the occurrence of 
COVID ‑19 death and the number of comorbid‑
ities is shown in FIGuRE 2. This trend was signifi‑
cant (P <0.001).

SARS ‑CoV ‑2 in Silesia Province indicate that in 
the first half of 2020 (the first wave of the epi‑
demic), the infection rate was approximately 5% 
and the symptomatic form of the disease made 
up approximately 20% of cases.9 An analysis of 
the frequency of infection and mortality in the re‑
gion revealed substantial variation in both; how‑
ever, the authors emphasized that this difference 
could not be explained due to the analysis be‑
ing descriptive and the epidemiological data be‑
ing secondary.

However, the proportion of in ‑hospital mortal‑
ity due to COVID ‑19 within the overall mortali‑
ty due to COVID ‑19 remains unknown. Between‑
‑population variation in COVID ‑19 mortality may 
depend on many factors and coexisting chronic 
diseases are likely to contribute to this apparent 
variability. With this in mind, we analyzed avail‑
able registry data to assess in ‑hospital mortali‑
ty due to COVID ‑19 and the impact of coexisting 
diseases on the risk of COVID ‑19 death.

PATIENTs ANd mEThOds The source of data for 
this study was hospital discharge reports available 
from March to June 2020. Data were obtained 
from the Department of Health’s Department for 
Monitoring, Analyses, and Medical Statistics of 
the Silesia Province Office in Katowice, Poland, as 
part of routine reporting on “Analysis of Statisti‑
cal Data.” They covered all COVID ‑19–related hos‑
pital deaths (deaths due solely to COVID ‑19 and 
deaths due to comorbidity).10 The reports were 
submitted from all hospitals (private and pub‑
lic) located in Silesia Province, Poland, though it 
should be pointed that all COVID ‑19–dedicated 
hospitals in Poland are public.

In this large administrative district (the pop‑
ulation is 4.5 million and the population densi‑
ty is 366.3 people/km²), the number of month‑
ly COVID ‑19 hospitalizations significantly in‑
creased between March and June 2020. Over 
the  same period, the  absolute number of 
COVID ‑19 deaths also increased, reaching 122 fa‑
talities in June, which resulted in an in ‑hospital 
CFR of 9.2% (FIGuRE 1). According to the World 
Health Organization guidelines, a confirmed 
case of COVID ‑19 was defined as a positive re‑
sult from a real ‑time reverse transcriptase–poly‑
merase chain reaction assay of nasal or pharyn‑
geal swab specimens.11

whAT’s NEw?

The risk of death in patients hospitalized with COVID ‑19 is greater in men 
than in women (odds ratio [OR], 1.35; 95% CI, 1.07–1.7), increases with age 
(on average, survivors are 18 years younger than deceased patients), and 
increases with the number of coexisting diseases, mostly with chronic car‑
diovascular, respiratory, and metabolic diseases. Sex, age, and comorbidities 
are independent factors that influence the risk of death from COVID ‑19. Having 
3 or more comorbidities increases the risk of death in all patients; however, 
its impact is greater in patients under the age of 65 years (OR, 13.32) than 
in older patients (OR, 6.48).
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The association between the number of coex‑
isting diseases and COVID ‑19 deaths for all pa‑
tients as well as by sex and age is presented in 
TAbLE 2. In all patients and all subgroups, the risk 
of death increased with an increasing number of 
comorbidities. The coexistence of 2 or more dis‑
eases was more strongly associated with the risk 
of COVID ‑19 death in younger hospitalized pa‑
tients (<65 years) than in older ones.

The results from simple analyses were verified 
using a multivariable logistic regression model 
with the number of comorbidities, age category, 
and sex as explanatory variables. The results of 
the multivariable analysis are presented in TAbLE 3.

The results of the multivariable analysis con‑
firmed that after adjustment for age and sex, 
the risk of death due to COVID ‑19 was related to 
the number of coexisting diseases and that it fol‑
lowed an exposure ‑response pattern.

The second objective of the study was to in‑
vestigate the impact of 3 major disease catego‑
ries (cardiovascular, respiratory, and metabolic 

In total, the  frequency of death was 9.9% 
in women and 12.9% in men. The difference 
was significant (P = 0.014) and the association 
showed an increased risk of death for men (OR, 
1.35; 95% CI, 1.07–1.7). When comparing age 
groups, the respective proportions of those dy‑
ing were 3.5% and 22.8% for those under 65 years 
of age and those 65 years or older, respectively 
(P <0.001; OR, 8.01; 95% CI, 5.97–10.75).

FIGuRE 1  Frequency of COVID ‑19 deaths in groups of patients with COVID ‑19 hospitalized March–June 2020 in 
Silesia Province, Poland, according to the number of coexisting diseases
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TAbLE 1 Mean age of patients hospitalized for COVID ‑19 in Silesia Province between 
March and June 2020 by sex and survival status

Patients N Age, y, mean (SD) P valuea

Female patients with COVID ‑19 1371 58.6 (20.2) 0.057

Male patients with COVID ‑19 1459 57.4 (18.7)

Patients who died of COVID ‑19 325 73.7 (12.1) <0.001

Patients who died of causes other than 
COVID ‑19

2505 55.9 (19.2)

Total 2830 58 (19.4) –

a Result of the Mann–Whitney test
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FIGuRE 2  Number of daily hospitalizations and deaths due to COVID ‑19 in Silesia Province, Poland, from March 1 to 
June 30, 2020
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(106.6/100 000), Belgium (167.4/100 000), or 
Spain (108.4/100 000). The mortality rate is lower 
in Germany, where it stands at 39.5/100 000.13 In 
our study, we focused not on general COVID ‑19 
mortality but on in ‑hospital mortality, including 
the COVID ‑19 fatality rate.

The results of our study show that the unad‑
justed cumulative in ‑hospital COVID ‑19 fatali‑
ty rate was 11.5% over the period from March to 
June 2020. A comprehensive review of evidence 
published in mid ‑2020 provided slightly higher 
in ‑hospital mortality figures across Europe and 
the United States, at 22.2% and 22.9%, respective‑
ly.14 The lower value of the cumulative in ‑hospital 
COVID ‑19 fatality in our study, compared with 
foreign centers, may result from different eligi‑
bility criteria for hospital admissions. Polish rules 
are regulated by an ordinance of the Chief Sani‑
tary Inspector.15

The figure obtained in our study is lower than 
expected, even considering differences in the clin‑
ical status of admitted patients and other un‑
known factors. Moreover, this figure does not re‑
flect the dynamics of in ‑hospital mortality over 
time that have been seen by others.16 As expect‑
ed, the in ‑hospital COVID ‑19 fatality rate is larg‑
er than the population ‑based COVID ‑19 fatali‑
ty rates because of the different denominators 
used in the calculations. In Poland, the fatality 
rate of COVID ‑19 observed in the general pop‑
ulation (where the denominator represents all 
cases) is 2.2%, as compared with 2% in Germany 
or 3.5% in Italy.17

Our findings confirm that the risk of death 
among hospitalized male patients with COVID ‑19 
is greater than for women. This observation is in 
line with evidence published in other reports.4,18 
Moreover, the risk of mortality increases with 
the increasing age of patients, a finding which 
is consistent with the results of the SARSTer 
study.19 In our study, the mean ages of surviving 
and deceased patients were 55.9 and 73.7 years, 
respectively. The mean age at death of our pa‑
tients with COVID ‑19 was similar to that report‑
ed in other studies.6,7 The experience gained dur‑
ing the Italian epidemic points to age as being one 
of the most important risk factors for COVID ‑19 
mortality,20 and this conclusion is supported by 
findings from Spain.21

Regarding the second objective of our study, 
our findings confirm that the risk of death due to 
COVID ‑19 increases with the increasing number 
of coexisting diseases, reaching a peak when there 
are 3 or more comorbidities. Moreover, the re‑
sults of our analysis suggest that sex, age, and 
occurrence of comorbidities are independent fac‑
tors that influence the risk of COVID ‑19 death, 
and that the impact of the last factor (number 
of comorbidities) follows an exposure ‑response 
relationship.

Chronic coexisting cardiovascular, respiratory, 
and metabolic diseases appear to contribute to 
the risk of COVID ‑19 death. Such a constellation 
of diseases is similar to the published evidence 

diseases) on the risk of death due to COVID ‑19. 
Among patients with only 1 comorbidity, there 
were no cases of metabolic diseases, and among 
patients with 2 comorbidities, there were no cases 
with coexisting diagnoses of cardiovascular and 
metabolic diseases. Among 504 patients with 
a single comorbidity, the most prevalent diag‑
noses were cardiovascular (19.2%) and respira‑
tory (28.3%) diseases. The respective COVID ‑19 
fatality rates in these subgroups were 6.2% and 
11.2%. The remaining 264 patients with a single 
comorbidity had other diagnoses and in this sub‑
group the COVID ‑19 fatality rate was 3.8%. Two 
coexisting diseases were found in 219 patients. 
The coexistence of cardiovascular and respiratory 
diseases (n = 38) was associated with a COVID ‑19 
fatality rate of 31.6%. In the remaining 181 cas‑
es with 2 comorbidities, the COVID ‑19 fatali‑
ty rate was 21%. The 3 abovementioned diseas‑
es were not found to coexist in the study group. 
Cardiovascular disease, either by itself or as one 
of the coexisting comorbidities, was found in 511 
patients and was associated with a COVID ‑19 
fatality rate of 25.6%. Respiratory disease was 
found in 431 patients and was associated with 
a COVID‑19 ‑fatality rate of 32.5%.

dIsCussION The serious epidemiological situa‑
tion of COVID ‑19 in Poland justifies the analysis 
of mortality in one of the most densely populated 
regions of the country, Silesia Province. Recent 
data (reported on December 31, 2020) revealed 
that the total mortality rate due to COVID ‑19 
remains high in Poland (74.1/100 000 popula‑
tion) although somewhat lower than in Swe‑
den (86.1/100 000) and significantly lower than 
in Czechia (108/100 000), the United Kingdom 

TAbLE 2 Risk of COVID ‑19 death by the number of coexisting diseases in all patients 
in Silesia Province, Poland, March–June 2020; subgroups were defined by sex and age

Hospitalized 
patients

OR (95% CI)

One coexisting 
disease

Two coexisting 
diseases

Three coexisting 
diseases

Women 1.12 (0.59–2.09) 5.83 (3.31–10.26) 9.19 (5.92–14.26)

Men 0.88 (0.52–1.49) 3.34 (2.05–5.44) 7.67 (5.23–11.26)

Age <65 y 1.25 (0.51–3.11) 6.48 (3.06–13.73) 13.32 (6.94–25.55)

Age ≥65 y 0.57 (0.36–0.91) 2.37 (1.52–3.7) 3.58 (2.56–4.99)

Overall 0.98 (0.65–1.47) 4.29 (2.97–6.2) 8.31 (6.23–11.08)

Abbreviations: OR, odds ratio

TAbLE 3 Impact of the number of coexisting diseases on the risk of COVID ‑19 death, 
controlled for age and sex (results of multivariable logistic regression)

Independent variable Class OR (95% CI)

Number of comorbidities 1 vs 0 (ref.)
2 vs 0 (ref.)
3 vs 0 (ref.)

0.7 (0.46–1.06)
3.05 (2.07–4.51)
4.78 (3.52–6.49)

Age group ≥65 y vs <65 y (ref.) 6.11 (4.5–8.31)

Sex Men vs women (ref.) 1.52 (1.17–1.96)

Abbreviations: ref., reference; others, see TAbLE 2
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severity, treatment, and duration of COVID ‑19 
and coexisting chronic diseases. In addition, there 
may be residual confounding due to the lack of ad‑
ditional sociodemographic information. The last 
unknown factor potentially affecting our findings 
is the possibility of the reported diagnoses being 
misclassified, which has also been discussed by 
others.25-27 However, given the very high public 
health concern and the availability of all necessary 
diagnostic procedures in the hospitals of Silesia 
Province, such confounding seems very unlikely.

Conclusions In conclusion, the estimated un‑
adjusted in ‑hospital fatality rate of COVID ‑19 in 
Silesia Province (Poland) is 11.5%. This value is 
lower than the mean COVID ‑19 fatality rate in 
other European countries and this finding de‑
serves more specific investigation. In ‑hospital 
mortality was associated independently with 
sex, age, and the number of coexisting chron‑
ic diseases, in an exposure ‑effect manner con‑
cerning the latter factor. The increased risk of 
death in patients with COVID ‑19 is associated 
with the presence of chronic cardiovascular and 
respiratory diseases.
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