
3753

Abstract. – OBJECTIVE: The patient’s age, 
gender and the presence of certain concomitant 
diseases have been reported to play a part in the 
course and progression of COVID-19 in the liter-
ature. In this study, we aimed to compare the co-
morbidities causing mortality in critically ill In-
tensive Care Unit (ICU)-patients diagnosed with 
COVID-19.

PATIENTS AND METHODS: The data as re-
gards the COVID-19 cases followed up in the ICU 
were retrospectively reviewed. 408 COVID-19 
patients with positive PCR test were includ-
ed in the study. In addition, a subgroup analy-
sis was performed in patients treated with inva-
sive mechanical ventilation. While the primary 
aim of this study was to evaluate the difference 
in survival rates due to comorbidities in critical 
COVID-19 patients, we also aimed to assess the 
comorbidities in severely intubated COVID-19 
patients in terms of mortality.

RESULTS: A statistically significant increase 
in mortality was observed in patients with un-
derlying hematologic malignancy and chronic 
renal failure (p=0.027, 0.047). Body mass index 
value in the mortal group was significantly high-
er in both the general study group and subgroup 
analysis (p=0.004, 0.001).

CONCLUSIONS: Advanced age and comor-
bidities such as chronic renal failure and hema-
tologic malignancy in COVID-19 patients are as-
sociated with poor survival prognosis in critical-
ly ill COVID-19 patients.
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ARDS: Acute respiratory distress syndrome; HFNO: 
High flow nasal oxygen; IMV: Invasive mechani-cal 
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Chain Reaction; HT: Hypertension; DM: Di-abetes mel-
litus; COPD: Chronic obstructive pulmonary disease; 
CRF: Chronic renal failure; HFNC: High flow nasal 
cannula; CT: Computed tomography; SOFA: Sequential 

organ failure assesment; BMI: Body mass index; MODS: 
Multiple organ dysfunction sydrome; NIMV: Non-inva-
sive mechanical ventilation.

Introductıon

SARS-CoV-2 virus, which emerged in 2019 in 
Wuhan China, causes severe acute respiratory 
failure1. Since its outbreak, the COVID-19 pan-
demic has had impacts on the whole world togeth-
er with its high mortality rate, causing more than 
a death toll of 3.4 million worldwide so far. The 
number of confirmed COVID-19 cases and deaths 
worldwide has been continuing to rise rapidly2.

During the course of the disease, such con-
ditions as acute respiratory distress syndrome 
(ARDS)-related respiratory failure developing 
7-12 days after the onset of the symptoms, septic 
shock, multi-organ failure, myocarditis, arrhyth-
mias, cardiogenic shock, coagulation disorders, 
endocrinopathies, liver and kidney damage, met-
abolic acidosis and also neurological complica-
tions may be encountered3,4.

For these patients, non-invasive mechanical ven-
tilation (NIMV), high flow nasal oxygen (HFNO) 
therapy and invasive mechanical ventilation (IMV) 
methods are applied. Life support treatments such 
as vasopressors, inotropes and hemodialysis are 
also provided for the patients with renal failure, 
multiorgan failure and shock. Such factors as obe-
sity, diabetes mellitus, hypertension, advanced 
age, smoking, immunosuppressive disease, chron-
ic lung disease, being male gender and chronic re-
nal failure (CRF) give rise to higher mortality and 
morbidity rate in COVID-19 patients. Though in 
varying rates depending on the country, the overall 
mortality rate is 5.2%, yet this rate varies between 
30% and 100% in critically ill patients in need of 
mechanical ventilation5-9.

European Review for Medical and Pharmacological Sciences 2023; 27: 3753-3765

S. GIRGIN, M. AKSUN, A.S. TÜZEN, A. ŞENCAN, O. ŞANLI, G. KIRBAŞ, 
S. GÜVEN, B.E. GÖLBOYU, N. KARAHAN

Department of Anesthesiology and Reanimation, Izmir Katip Celebi University Ataturk Training and 
Research Hospital, Izmir, Turkey

Corresponding Author: Ahmet Salih Tüzen, MD; e-mail: astuzen@icloud.com

Effects of comorbidities associated 
with COVID-19 cases in Intensive Care Unit
on mortality and disease progression



S. Girgin, M. Aksun, A.S. Tüzen, A. Şencan, O. Şanlı, et al 

3754

Therefore, successful treatment of severe and 
critical cases is of big importance to reduce com-
plications and mortality. Various treatment mo-
dalities are still examined in order to increase the 
survival rate in ARDS caused by highly mortal 
COVID-19 disease. In addition, while various 
evaluations towards prognosis are carried out on 
patient groups, predictive evaluations regarding 
in which conditions the course of the disease may 
prove more severe are also carried out. In the cur-
rent literature, prognostic evaluation is mainly on 
several comorbid factors such as hypertension, 
diabetes mellitus, chronic obstructive pulmonary 
disease, being male gender, hematological malig-
nancies, and the relationship between these and 
disease severity has been attempted to be deter-
mined10-13. However, these studies10-13 have been 
mostly conducted on the general patient popula-
tion to predict their need for Intensive Care Unit 
(ICU) and mortality risks, therefore the results 
from these studies remain insufficient to evaluate 
the possible relationship with mortality when the 
patients with a non-severe course are investigated. 
Although the course of the disease and the need 
for intensive care hospitalization can be evaluated 
in COVID-19, the risk factors for mortality are yet 
to be clearly revealed.

The primary aim of this study was to reveal 
the difference caused by comorbidities in terms 
of survival rate in the disease by just evaluating 
the intensive care patient population with a severe 
course of the disease and also to determine which 
comorbidities may lead to more risk in terms of 
mortality in COVID-19 patients. The secondary 
aim of the study, on the other hand, was to eval-
uate the differences in survival rate by evaluat-
ing the laboratory data obtained in the clinical 
follow-ups of intensive care patients and also to 
observe whether some parameters evaluated in 
the study together with subgroup analysis make a 
difference in terms of this subgroup in the patient 
group treated with invasive mechanical ventila-
tion, developing severe ARDS.

Patients and Methods

The study was planned as a retrospective co-
hort including the patients in the tertiary Inten-
sive Care Unit. All SARS-CoV-2 PCR positive 
patients hospitalized in the Intensive Care Unit 
between 18 March 2020 and 15 January 2021 
were included in the study. Inclusion criteria for 
the study was all patients over the age of 18 fol-

lowed-up in the Intensive Care Unit with a diag-
nosis of COVID-19 confirmed by rt-PCR, while 
the patients with a non-confirmed COVID-19 di-
agnosis were exluded. 

Sample Size
A total of 632 patient records were investigated 
and those with negative SARS-CoV-2 PCR results 
(n=205), those hospitalized in the Intensive Care 
Unit more than once (n=22), and those whose full 
data could not be accessed (n=35) were excluded 
from the study. A total of 224 patients were ex-
cluded, while 408 patients were included (Figure 
1). The clinical and laboratory data of the patients 
were retrospectively obtained from the hospital 
information system and clinical follow-up files. 
Patients were divided in 2 groups as survival 
group (n=176) and mortality group (n=232). Age, 
gender, comorbidities, SOFA scores, mechanical 
ventilation parameters, laboratory values ​​on in-
tensive care admission were evaluated in terms 
of predictive values for mortality. In addition to 
this, subgroup analysis was performed in patients 
treated with an invasive mechanical ventilator, 
and these same parameters were evaluated in 
terms of predicting mortality in ARDS patients 
with a more severe course. 

Statistical Analysis
Data analysis was done with the SPSS 22.0 pro-
gram (IBM Corp., Armonk, NY, USA). The nor-
mality of the distribution of the data was deter-
mined using the Shapiro-Wilk test. Categorical 
variables were given as frequency (n) and per-
centage (%), and numerical variables as mean ± 
standard deviation. The differences between the 
two groups were analyzed using the Mann-Whit-
ney U test for non-normally distributed contin-
uous data and non-continuous data. Categorical 
data were analyzed using the Fisher’s test. p-value 
<0.05 was considered statistically significant for 
between-group comparison. The permission from 
the Ministry of Health and the approval of the 
Hospital Ethics Committee were obtained for the 
study (Decision number: 0159, date: 10.03.2021).

Results

The data of 408 patients hospitalized in intensive 
care due to COVID-19 between 18 March 2020 
and 15 January 2021 were included in the study. 
These 408 patients screened retrospectively were 
divided into two groups as survival group (n=176; 
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43.2%) and mortality group (n=232; 56.8%). The 
results of the 90-day survival analysis are shown 
in Figure 2. Demographic characteristics and co-
morbidities of the patients are given in Table I. 

There was no difference between the groups 
in terms of gender. The male gender ratio was 
higher in both groups. The patients in the surviv-

al group were younger than those in the mortal-
ity group (p=0.004). Mean age ​​for the survival 
group was 64, while it was 67 for the mortality 
group. Hypertension (HT) and diabetes mellitus 
(DM) were found to be the most common comor-
bidities in both groups, but no significant differ-
ence was found between the groups in terms of 

Figure 1. Flow diagram of the study.

Figure 2. Survival analysis.
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the frequency of HT and DM. There was also no 
significant difference between the two groups in 
terms of chronic obstructive pulmonary disease 
(COPD), coronary artery disease, solid tumor, 
immuno-suppressive status, obesity, chronic liv-
er disease, thyroid dysfunction, dementia, and 
postoperative hospitalization. On the other hand, 
a statistically significant difference was found 
between the two groups in terms of mortality 
in patients with hematological malignancies and 
chronic renal failure (p=0.027, p=0.047). Clinical 
data-preliminary laboratory parameters of the pa-
tients are given in Table II. 

Considering their ventilation status, the rate 
of patients followed-up with high flow nasal can-
nula (HFNC), O2 mask and nasal cannula was 
higher in the survival group than in the mor-
tality group (p=0.008, p=0.001, p=0.001), how-
ever, it was determined that the mortality rates 
in patients who received invasive mechanical 
ventilation treatment were higher than those of 
the survival group (p=0.001). In the two groups, 
the presence of ARDS and severe computed to-
mography (CT) involvement on admission to the 
Intensive Care Unit was higher in the mortality 
group (p=0.001, p=0.001). It was also observed 
that the survival group had longer hospitaliza-
tion duration compared to the mortality group 
in terms of hospital stay, which was a significant 
difference between the two groups, and there 

was no significant difference between the groups 
in terms of the number of days of hospitalization 
in the Intensive Care Unit (p=0.001, p>0.05). 
On admission to the ICU, a significant differ-
ence was found in terms of high APACHE-2 
score, low lymphocyte count, high Neutrophil/
Lymphocyte ratio, low platelet count, high pro-
calcitonin, high C-reactive protein (CRP), blood 
urea nitrogen (BUN), high creatinine level, high 
aspartate transaminase (AST) level, lactate de-
hydrogenase (LDH), D-dimer, ferritin, tropo-
nin and lactate elevation in mortality group 
(p=0.001, p=0.001, p=0.016, p=0.000, p=0.025, 
p=0.000, p=0.000, p=0.003, p=0.000, p=0.009, 
p=0.000, p=0.004, p=0.032). Also, a significant 
difference was found in the mortality group in 
terms of low PaO2/FiO2 ratio and high sequential 
organ failure assesment (SOFA) scores on day 1 
and day 3 (p=0.001, p=0.001, p=0.001). Invasive 
mechanical ventilation therapy subgroup analy-
sis are given in Table III. 

In the subgroup analysis performed for pa-
tients with severe ARDS under invasive mechan-
ical ventilation support, no significant difference 
was found between the two groups in terms of age 
and gender (p>0.05, p>0.05). Also, no significant 
difference was observed between the groups in 
terms of any comorbidity for the patients evaluat-
ed for their existing comorbidities. Length of hos-
pital stay and length of stay in the Intensive Care 

*: p<0.05 was considered statistically significant. Values are expressed as frequency (%) and mean [min-max].

Table I. Demographic data-comorbidity.

Demographic data-comorbidity	 Survival Group	 Mortality Group	 p-value
	 (n=176)	 (n=232)	

Age	 64 [19-99]	 67 [24-91]	 0.004*
Sex (Male)	 111 (63)	 146 (62)	 1
Comorbity			 
Diabetes mellitus	 65 (56)	 99 (42)	 0.263
Hypertension	 88 (50)	 118 (50)	 0.920
Chronic obstructive pulmonary disease	 28 (15)	 33 (14)	 0.675
Cardiovascular disease	 44 (25)	 65 (28)	 0.572
Solid tumor	 10 (5)	 20 (8)	 0.339
Hematologic malignancy	 1 (1)	 10 (4)	 0.027*
Immunosuppressive	 6 (3)	 9 (3)	 1
Obesity	 11(6)	 28 (12)	 0.061
Chronic renal failure	 9 (5)	 25 (10)	 0.047*
Chronic liver disease	 2 (1)	 6 (2)	 0.475
Thyroid dysfunction	 8 (4)	 6 (2)	 0.289
Dementia	 16 (9)	 25 (10)	 0.621
Postoperative hospitalization	 6 (3)	 12 (5)	 0.470
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Unit were significantly lower in the mortality 
group (p=0.000, p=0.000). No significant differ-
ence was found between the two groups in terms 
of day 1 and day 3 SOFA scores, high lactate lev-
els on admission to the Intensive Care Unit, and 
high APACHE-2 scores (p>0.05, p>0.05, p>0.05).

There was also no significant difference be-
tween the two groups in terms of obesity [body 
mass index (BMI) >30]. However, BMI elevation 

was found to be significantly different in the mor-
tality group compared to the survival group both 
in the general group and in the subgroup analy-
sis (p=0.004, p=0.001). Respiratory failure was 
seen in 70 patients, septic shock development in 
71 patients, multiple organ dysfunction sydrome 
(MODS) in 79 patients and sudden cardiac arrest 
in 12 patients, which were the cause of mortality 
in these patients.

Table II. Clinical data-preliminary laboratory parameters.

*: p<0.05 was considered statistically significant. Values are expressed as frequency (%) and mean [min-max]. Blood urea 
nitrogen (BUN), aspartate transaminase (AST), alanine transaminase (ALT), lactate dehydrogenase (LDH).

Clinical data-preliminary 	 Survival Group	 Mortality Group	 p-value
  laboratory parameters	 (n=176)	 (n=232)	

Ventilation therapy			 
Invasive mechanical ventilation	 91 (51)	 225 (96)	 0.001*
Non-invasive mechanical ventilation	 27 (15)	 26 (11)	 0.236
High flow nasal cannula	 33 (18)	 22 (9)	 0.008*
O2 mask with reservoir	 82 (46)	 53 (22)	 0.001*
Simple O2 Mask	 68 (38)	 43 (18)	 0.001*
Nasal cannula	 14 (7)	 2 (0)	 0.001*
ARDS in admission	 136 (77)	 212 (91)	 0.001*
Number of days of hospital stay	 21 [5-134]	 12 [3-54]	 0.001*
Number of days of ICU stay	 8 [3-52]	 9 [3-30]	 0.904
Computed tomography			 
None	 11 (6)	 2 (0)	 0.001*
<50% Infiltration	 36 (20)	 10 (4)	 0.001*
>50% Infiltration	 95 (53)	 108 (46)	 0.001*
Totally Infiltration	 33 (18)	 112 (48)	 0.001*
APACHE-2 Score	 16 [2-53]	 22 [7-43]	 0.001*
SOFA score day 1	 5 [1-13]	 7 [1-18]	 0.001*
SOFA score day 3	 6 [2-16]	 8 [1-17]	 0.001*
Body mass index	 27 [19-38]	 28 [19-38]	 0.004*
White blood cell count	 14.9 [1.6-33.4]	 13.3 [1.5-522]	 0.210
Lymphocyte count	 0.8 [0.1-4.2]	 0.6 [0.05-26.3]	 0.001*
Neutrophil/lymphocyte ratio	 13.5 [2.1-220]	 18.6 [0.2-257]	 0.016*
Polymorphonuclear leukocytes count	 13.1 [1.4-30]	 11.6 [0.9-69]	 0.389
Platelet count	 307 [77-656]	 228 [15-506]	 0.000*
Procalcitonin	 0.3 [0.01-75]	 0.82 [0.06-75]	 0.000*
C-Reactive protein	 121 [0.2-334]	 144 [3.2-425]	 0.025*
BUN	 26 [5-133]	 39 [10-145]	 0.000*
Creatinine	 0.8 [0.4-6.7]	 1.2 [0.3-11]	 0.000*
AST	 37 [6-913]	 55 [13-913]	 0.003*
ALT	 34 [7-4110]	 36 [6-1227]	 0.457
LDH	 324 [125-1355]	 476 [138-2235]	 0.000*
D-Dimer	 886 [134-5572]	 1200 [148-30309]	 0.009*
Ferritin	 719 [11-2283]	 1210 [116-5255]	 0.000*
Troponin	 0.03 [0.01-17]	 0.06 [0.01-6.7]	 0.004*
Lactate	 1.3 [0.4-6.9]	 1.7 [0.6-22]	 0.032*
PaO2/FiO2 Ratio	 137 [43-390]	 116 [42-500]	 0.001*
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Discussion

During the COVID-19 pandemic, 5-20% of the 
hospitalized patients were determined to devel-
op a serious clinical picture requiring intensive 
care admission14. In this study, critical COVID-19 
cases followed in the Intensive Care Unit were 
evaluated retrospectively in terms of age, gender, 
biochemical markers, and survival outcomes as-
sociated with the comorbid diseases. Two groups 
were formed between the patients in terms of sur-
vival outcomes and comorbidities with significant 
differences, and also their associated entry labo-
ratory parameters were also evaluated. Our over-
all mortality rate for the COVID-19 patient group 
in the Intensive Care Unit was 56%, which was 
found to be higher than the literature. Armstrong 
et al15 reported some results associated with a high 
mortality as high as 41.6% in the COVID-19 In-
tensive Care Unit. Our mortality rates were simi-
lar to studies reported from, Italy8 (61%), Ameri-
ca16 (57%), and China17 (42%). 

The mean PaO2/FiO2 ratios of the patients en-
rolled in the study was found to be as low as 137 in 
the survival group and 116 in the mortality group, 
and this led us to assume that these patients were 
admitted to the Intensive Care Unit at a late period 
with a severe ARDS clinic compared to other study 
populations in the literature, which can be attributed 
to the long time spent waiting for a bed in the Inten-
sive Care Unit due to the pandemic conditions until 
the condition worsened to an advanced stage. Late 
follow-up and treatment could be provided to the 
critically ill group, as these patients were admitted 
to the Intensive Care Unit in a late period. Accord-
ingly, there was a high need for invasive mechani-
cal ventilation (77%) in the patients included in the 
study. Our rates of invasive mechanical ventilation 
were found to be higher than those reported in Chi-
na7 (30-42%), and similar to those reported in the 
United States16 (71%), while lower than those in Ita-
ly8 (88%). Our rates of non-invasive mechanical ven-
tilation (NIMV) or high flow nasal cannula (HFNC) 
use (24%) were similar to other studies17.

Table III. Invasive mechanical ventilation therapy subgroup analysis.

*: p<0.05 was considered statistically significant. Values are expressed as frequency (%) and mean [min-max]. 

Clinical data-preliminary 	 Survival Group	 Mortality Group	 p-value
  laboratory parameters	 (n=90)	 (n=226)	

Age	 66 [35-99]	 68.5 [24-93]	 0.588
Sex (Male)	 32 (35)	 86 (38)	 0.701
Comorbidity			 
Diabetes mellitus	 36 (40)	 102 (45)	 0.452
Hypertension	 47 (52)	 122 (53)	 0.804
Chronic obstructive pulmonary disease	 8 (8)	 39 (17)	 0.079
Cardiovascular disease	 25 (27)	 62 (26)	 1.000
Solid tumor	 8 (8)	 17 (7)	 0.651
Hematologic malignancy	 4 (4)	 6 (2)	 0.479
Immunosuppressive	 4 (4)	 6 (2)	 0.479
Obesity	 7 (7)	 26 (11)	 0.417
Chronic renal failure	 9 (10)	 20 (8)	 0.826
Chronic liver disease	 4 (4)	 2 (0)	 0.057
Thyroid dysfunction	 3 (3)	 7 (3)	 1.000
Dementia	 10 (11)	 23 (9)	 0.839
Postoperative hospitalization	 3 (3)	 11 (4)	 0.764
SOFA score day 1	 7 [2-18]	 7 [1-17]	 0.441
SOFA score day 3	 8 [3-17]	 8 [1-17]	 0.433
Body mass index	 27 [21-38]	 28 [19-38]	 0.001*
Number of days of ICU stay	 15 [3-52]	 9 [3-30]	 0.000*
number of days of hospital stay	 27 [3-52]	 10 [3-30]	 0.000*
Lactate	 1.7 [0.6-22]	 1.6 [0.5-30]	 0.786
PaO2/FiO2 Ratio	 131 [43-360]	 115.5 [42-500]	 0.197
APACHE-2 Score	 20 [4-38]	 22 [3-43]	 0.134
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As expected, survival rates were significantly 
higher in the patient group requiring lower oxy-
gen support, for whom non-invasive strategies 
were pursued using nasal O2, simple O2 mask, 
O2 mask with reservoir, and HFNC. There were 
approaches forcing the professionals to avoid 
non-invasive strategies in an attempt to prevent 
transmission of the condition and protect health-
care workers, especially in the early stages of the 
pandemic. When the results of our study are eval-
uated, the importance of algorithms that avoid 
early intubation is increasing, particularly for the 
intensive care patient groups not requiring a high 
oxygen demand18,19.

Although there are many studies reporting 
high mortality results in intensive care, the stud-
ies that can define clinical risk factors in intensive 
care have not yet yielded quite clear results. De-
fining and evaluating risk factors and their man-
agement appropriately will contribute to our un-
derstanding of mortality-related factors and to the 
selection of patient groups to be prioritized in the 
course of the treatment20. Various underlying co-
morbidities have been defined in the literature17-21 
as risk factors for the development of critical ill-
ness, intensive care hospitalization and increased 
mortality rates in COVID-19 patients, which are 
mainly HT, DM, cardiovascular diseases, obesity, 
COPD, chronic renal failure and cancer.

In our study, critically ill patients followed in 
the Intensive Care Unit were mostly made up of 
elderly patients, and age was found to be signifi-
cantly older in the mortality group (p=0.004). In 
many descriptive studies available in the litera-
ture, advanced age has been reported as a risk 
factor for intensive care admission and mortality. 
Mortality rates in the Intensive Care Unit were 
also found17-22 to be higher in the elderly pa-
tient group. However, Levin et al23 reported that 
age-related risk factors cannot be differentiated 
by studies due to the fact that chronic diseases are 
presented as risk factors for COVID-19 severity 
along with advanced age, and that the isolated ef-
fect of age on the severity of COVID-19 disease 
should be determined in accordance with the risk 
score based on existing evidence.

The relationship between gender and mortali-
ty has also been investigated in various studies24, 
and higher mortality rates have been reported 
in men than in women. Meijs et al25 found that 
women had a 40% higher chance of survival in 
the Intensive Care Unit than men in their study, 
which was determined independent of age, dis-
ease severity, obesity, smoking status, presence 

of any major comorbidity, and all treatments. 
These results were also found at a similar rate in 
the invasive ventilating patient group. However, 
contrary to the literature, no difference was found 
in gender-related survival outcomes in our study 
(p>0.05), which might be due to the fact that 
many studies in the literature have been conduct-
ed with a general COVID-19 patient population 
and that although men are reported24 to be pre-
disposed to develop critical illness, this relation-
ship has not been reported in such a more limited 
patient group as intensive care patients. We also 
believe that this might be due to the fact that the 
accompanying factors such as BMI scores were 
higher in female patients in the patient group in 
their study, thus making it hard to investigate the 
the isolated effect of gender.

In addition to studies26,27 showing an increased 
risk of developing critical illness in patients with 
various comorbidities such as DM, HT, cardio-
vascular disease and COPD, there are also several 
studies17-21 reporting increased risk of mortality in 
COVID-19 as a result of these comorbidities. All 
patients with fatal outcomes examined in the first 
studies20,21 were reported to have at least one co-
morbidity, the most common of which were HT, 
cardiovascular diseases and DM in line with sev-
eral other studies28,29. In our study, DM and HT 
were the most common comorbidities similar to 
the literature. However, there was a difference 
compared with several studies in the literature 
which reveal no difference in survival outcomes. 
This can be explained by the fact that the patient 
group included in these studies26-29 generally con-
sisted of the general patient population in terms of 
critical and non-critical patients, while our study 
was conducted with intensive care patient popula-
tion including only the critical patient group, and 
also that our mortality rate was found to be high 
due to late admission of these patients to the In-
tensive Care Unit.

In a meta-analysis30, HT was found to increase 
the risk of mortality in COVID-19 (OR: 2.42). It 
was reported31 in Italy that approximately 75% 
of the patients who died in the pandemic in this 
country were present with hypertension. Howev-
er, there is also a study24 in which HT was not as-
sociated with the increased risk of mortality in the 
process, contradicting with the available findings 
in the literature, but consistent with our study not 
reporting HT as a risk factor in terms of mortality 
(p>0.05).

In the study32 conducted in patients with DM 
in China, it was observed that the need for inten-
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sive care referral and invasive mechanical venti-
lation was high at similar rates, correlating with 
the results obtained in our study. However, it was 
observed in our study that the presence of DM did 
not affect the survival outcomes (p>0.05). In the 
longitudinal analysis performed on 7,300 patients 
in China33, it was shown that the risk of death 
from COVID-19 in the patient group with diabe-
tes was 3 times higher than the non-diabetic pa-
tients. It was also revealed34 that the risk of severe 
COVID-19 development was 5 times higher in 
cases with COPD in the USA. COPD was identi-
fied as an independent risk factor for mortality in 
COVID-19 patients in the meta-analysis by Wang 
et al35. Survival outcomes in terms of COPD were 
not different in our study population (p>0.05). 
However, weaning results, number of days on me-
chanical ventilator and associated infection rates 
could not be evaluated with long-term follow-ups 
in our patient population who were provided a 
short-term intensive care follow-up. In this re-
spect, this posed a serious limitation in our study 
in terms of not being able to evaluate the above 
mentioned effects on the long-term outcomes.

In a study conducted by Wu and McGoogan36 
on 44,000 patients, it was shown that mortality 
was 5 times higher in patients with cardiovascu-
lar disease (10.5% and 2.3%, respectively). On the 
other hand, we found that the presence of cardio-
vascular disease did not lead to a difference in 
survival outcomes (p>0.05), which might be at-
tributed to the lower incidence of coronary artery 
disease in our country compared to developed 
countries and, accordingly, the low incidence of  
the condition in our study population37. Contrary 
to the large number of studies31,35,36 reported in the 
literature, the effect of underlying DM, COPD 
and cardiovascular disease on increased risk of 
mortality was not found to be significant in both 
groups of our study in which it was seen that HR 
for DM=1.25, 95% CI (0.94-1.88), SE=0.2, while  
it was  seen that HR for COPD=0.87, 95% CI 
(0.50-1.50), SE=0.2 and HR for cardiovascular 
disease=1.16, 95% CI (0.74-1.82), SE=0.2. This 
difference obtained in our results can be attribut-
ed to the high need for invasive mechanical ven-
tilation in patients (77%) and the high mortality 
rate (56%) and among other factors contributing 
to this condition can be identified as: the patients 
were admitted to the Intensive Care Unit in the 
late onset, and the mean PaO2/FiO2 rates were 
seen to be 137 in the survival group and 116 in 
the mortality group at the time of admission, and 
the patients with severe ARDS could access fol-

low-up-treatment quite late, which can be defined 
as the reason why a key difference-making result 
could not be achieved in terms of these underly-
ing comorbid conditions in our study.

Underlying chronic renal failure has been 
identified38 as a risk factor for both mortality 
and acute renal failure development in critical 
COVID-19 patients. Similar results were found in 
our study in parallel with the existing literature 
in our study, and also a highly significant differ-
ence was found between the two groups in terms 
of rates of concomitant chronic renal failure. It 
was found that the underlying chronic renal fail-
ure increased the risk of a fatal course of critical 
COVID-19 as a result of HR=2.24, 95% CI (1.01-
4.93), SE=0.4. This situation, compatible with 
the literature, might account for the elevated in-
cidence of acute renal failure in the patients with 
chronic renal failure who already had limited re-
nal reserve due to deteriorated general condition, 
loss of consciousness, and decreased oral intake 
in the early stages of the disease38.

Guan et al39 found a cancer rate of 0.9% in their 
study carried out with 1,099 patients and reported 
that 30% of them had critical COVID-19 results. 
Opposing results are also available in a limited 
number of studies in the literature. In a study40 
evaluating two groups of COVID-19 patients with 
and without underlying cancer disease, no signif-
icant difference was found in terms of mortality, 
intubation, and admission to Intensive Care Unit. 
Also, in a study41 carried out with a small num-
ber of patients, no difference was found in terms 
of solid tumors and hematological malignancies. 
However, it has been reported41 that there is a trend 
indicating earlier occurrence of serious adverse 
effects associated with COVID-19 in patients 
with hematological malignancies. Consistent with 
the results in the literature on hematological ma-
lignancy, the independent risk factor for mortality 
was found to be HR=7.94, 95% CI (1.005-62.8), 
SE=1.05 in our study (p=0.02). However, no dif-
ference was found in terms of survival outcomes 
related to solid tumors (p>0.05). In addition, in 
a meta-analysis by Armstrong et al15 carried out 
during the COVID-19 pandemic, it was report-
ed that the mortality rate in critically ill patients 
with COVID-19 fell from 50% to 40% over the 
course of the pandemic. The 60% mortality rate 
in cancer patients with COVID-19 admitted to the 
Intensive Care Unit indicates that the outcomes 
in cancer patients are not excessively high when 
compared to the general population of patients 
with COVID-1941. 
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Rossi et al42 reported obesity as a risk factor in 
critically ill patient outcomes. In addition to this, 
prolonged hospital stay and a 5-fold increase in 
mortality were also reported. In a retrospective 
cohort analysis43 of 124 patients, hospitalization 
rates of 47.6% and 28.2% were respectivly report-
ed for severely obese (BMI>30 kg/m2 and BMI>35 
kg/m2) individuals. In these patients, the invasive 
menchanical ventilation (IMV) requirement rate 
was 68.6%. The increase in BMI was found to be 
associated with disease severity. The OR for IMV 
was 7.36 for the patient group with a BMI>35 
and BMI<25. In our study, we defined obesity as 
a comorbid disease for patients with a BMI>30. 
Although statistical analysis did not show any dif-
ference between groups in terms of survival, the 
mean BMI was found to be lower in the surviv-
al group and there was a statistically significant 
difference (p=0.004) when BMIs were analyzed 
numerically. We believe that this situation creates 
a statistical misconception because the patients 
followed-up due to the low prevalence of obesity 
in our country are frequently below BMI>30 and 
obesity was defined as a comorbid disease in only 
39 patients in the study. The current number of 
obese patients is not sufficient to evaluate obesity 
as an indicator of a mortality risk factor, but after 
evaluating the difference between mean BMIs in 
the entire patient group, we assume that the result 
is consistent with the literature.

In the quantitative analysis of survival and 
non-survival patients, it was determined that the 
risk of central nervous system disease increased 
3.3 times, indicating the higher risk of developing 
critical illness and mortality from COVID-1944. 
Due to the low mean age in both groups (64 and 
67 years) in the patients included in our study, the 
number of patients with dementia or previous cere-
brovaskular disease is quite low, therefore, we be-
lieve that the inability to detect a significant differ-
ence between the groups makes statistical analysis 
inappropriate due to the small number of patients.

It was not observed that chronic liver disease 
did not affect the survival outcomes of patients 
with thyroid dysfunction, immunosuppression 
and patients with a postoperative hospitalization 
after emergency surgery. Although there are stud-
ies45,46 reporting an increased risk for these patient 
groups in the literature, no increased risk was 
observed between groups in our study (p>0.05). 
However, we think that this is not statistically 
suitable for an evaluation in terms of being a risk 
factor due to the low number of patients included 
in our study in terms of accompanying comor-

bidities. This may be explained by the data loss, 
incomplete detailed access to patient information 
due to the retrospective collection of the data in 
the study, and also our study was conducted only 
in the critical intensive care patient group and 
therefore differed from all other studies in terms 
of the study population.

Since comorbid diseases such as obesity and 
COPD may affect the follow-up of patients in 
intubated invasive mechanical ventilation, sub-
group analysis was performed in intubated pa-
tients. The mortality rate in patients treated with 
IMV was found to be as high as 71%. Although 
no underlying comorbidity seemed to increase the 
risk when evaluated in two groups, we think that 
the high mortality rate observed in intubated pa-
tients could statistically mislead us. There was no 
significant difference in the survival rate of the 
intubated patient subgroup in terms of any ad-
ditional comorbidity. However, it was concluded 
that the disease displayed a higher mortality rate 
in the patient group with a high BMI (p=0.001). 
This situation can be explained as the need to keep 
the driving pressure high in the mechanical ven-
tilation treatment strategies of the COVID-ARDS 
patient group. Ventilator-induced lung injury can 
be explained by the inability to manage hypercap-
nia with low tidal volumes in severely damaged 
lungs and by the development of high transpul-
monary pressure caused by high intra-abdominal 
pressure in obese patients. Similar results were 
also evaluated in the same way in the studies47 
conducted with obese patients in literature.

No similar study has been found in the lit-
erature performing a risk analysis – except for 
demographic data –for comorbidities that evalu-
ate only the patients under invasive mechanical 
ventilation. There are limited number of studies48 
reporting intubation and the need for invasive me-
chanical ventilation as risk factors in the critical 
COVID-19 patient group. 

Our study results are valuable and significant 
in terms of this subgroup analysis, particularly 
in reporting the effect of comorbid diseases such 
as COPD and obesity on mortality and intubat-
ed patient follow-up results. However, in order to 
reveal comorbid diseases that may increase the 
risk of mortality in the intubated patient group, 
there is a need for prospective studies with a larg-
er number of patient groups in which data loss can 
be prevented and reliable data can be collected, 
and there is also a need for studies conducted in 
more than one center with various treatment mo-
dalities.
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In terms of the length of stay in the Intensive Care 
Unit, the patients in both groups stayed in the In-
tensive Care Unit for an average of 9 days (p>0.05). 
However, the survival group stayed in the hospital 
for an average of 21 days. There was no significant 
difference between the two groups in terms of the 
number of days until admission to the Intensive 
Care Unit. In our study, the results of the number 
of days until admission to the Intensive Care Unit 
were not reported, but some findings showing that 
late admission caused an increased risk of mortality 
have been reported in the literature49,50.

There was no significant difference between 
APACHE-2 scores and day 1 and day 3 SOFA 
scores in patients receiving invasive mechanical 
ventilation therapy. This situation can be under-
stood in the early period SOFA scores of patients 
already intubated with an advanced clinical pic-
ture, but during the intensive care follow-ups, the 
SOFA score elevations could not be measured in 
terms of the secondary infection risk and septic 
clinical development brought about by intubation, 
therefore the main evaluation could not be made. 
The main deficiency of our study is that it could 
not report the late-term results in the intubated 
patient subgroup.

We believe that the reason why we could not 
find a difference in admission lactate levels in this 
patient group, mostly transferred to the Intensive 
Care Unit as intubated, was due to the temporary 
improvement of hypoxia. It is not surprising that 
no difference was found in the group of patients 
who were followed-up with already low PaO2/
FiO2 ratios in the severe ARDS clinic and who 
were intubated due to respiratory distress associ-
ated with this condition (p>0.05).

In addition, one of the limitations of our study 
is that we did not specify the mortality risk caused 
by increased lactate follow-ups. In addition, ran-
domized controlled studies are needed to evaluate 
the efficacy of treatment with lactate clearance in 
the future. 

Although the results in the literature reveal 
the severity of the disease by evaluating the en-
tire critical and non-critical patient population, 
parameters that can be considered as an indica-
tor of mortality in the critically ill group have 
been investigated in quite a few studies7-11. This 
study is a cross-sectional longitudinal study that 
was carried out retrospectively, aiming to define 
which variables the patient group with mortal-
ity in the Intensive Care Unit differed from the 
patient group with survival. With these findings 
obtained, current clinical treatment guidelines 

can be reformed for certain patient groups, and 
COVID-19 follow-up and course of treatment will 
be shaped based on various prognostic scales.

Limitations
In addition to having such strengths as applying 
the same treatment protocol to all patients and not 
experiencing any data loss as the patients included 
in the study spent the entire process in our hospital, 
there are also some limitations of the study. The 
first one is that it is a single-center study with a 
small sample size. Due to its retrospective design, 
it lacks dynamic clinical and laboratory data. All of 
our patients were treated in a single health center 
from a single geographic region. Therefore, despite 
the diversity in the patient population, the factors 
associated with outcomes may differ in other geo-
graphic regions. Also, having information about 
the trends and prognosis obtained by evaluating 
the recurrent clinical and laboratory parameters 
via short and long-term follow-ups would make an 
additional contribution to our study.

Conclusions

In the literature, higher rates of mortality have 
been reported in patients with HT, DM and obesi-
ty. Although no significant difference was found 
for HT, DM and obesity in our study, a significant 
difference was found between the two groups 
when BMI elevation was considered. A higher 
mortality connection was observed in hemato-
logical malignancies compared to malignancies 
caused by solid tumors, which is also consistent 
with the literature. In the subgroup analysis, how-
ever, the relationship between CRF and hemato-
logical malignancy as a comorbidity relationship 
in patients who underwent invasive mechanical 
ventilation compared to the general group was 
not found statistically. Advanced age and con-
comitant comorbidities in COVID-19 patients 
are associated with poor prognosis in critically 
ill COVID-19 patients. Also, a greater number of 
comorbidities are associated with higher disease 
severity of COVID-19. In addition, it is thought 
that low lymphocyte count, high CRP, ferritin and 
procalcitonin levels can guide clinicians in the 
early identification of patients with high mortality 
risks. There is also a need for reliable biomark-
ers that can predict the prognosis of severely ill 
patients. Some biomarkers have been proposed to 
determine disease severity.

In this study, the relationship between mortal-
ity and comorbidity was investigated in patient 
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groups followed-up in the admissionlactate due to 
COVID-19 disease and no relationship was found 
in terms of HT, DM, COPD, cardiovascular disease 
and obesity reported in the current literature. Yet, 
only patient groups with hematological malignan-
cies and chronic renal failure comorbidities were 
found to be associated with high mortality rate. 

In the COVID-19 pandemic, it is important 
to identify the patient group in the early period 
in terms of the need for intensive care and early 
treatment, which can guide the clinicians to pre-
dict mortality outcomes.

ORCID ID
S. Girgin: 0000-0003-0715-7695
M. Aksun: 0000-0002-8308-3045
A.S. Tüzen: 0000-0001-9040-2262
A. Şencan: 0000-0002-3765-9891
O. Şanlı: 0000-0001-8067-7908
G. Kırbaş: 0000-0003-1178-5723
S. Güven: 0000-0002-2761-4075
B.E. Gölboyu: 0000-0002-2011-2574
N. Karahan: 0000-0002-8042-0501

Author’s Contribution
Senem Girgin and Murat Aksun wrote the first draft of the 
protocol manuscript. Ahmet Salih Tüzen, Bir-zat Emre Göl-
boyu, Atilla Şencan and Senem Girgin planned the concep-
tion and design of the study and the protocol. Gizem Kır-
baş, Ozan Sanlı, Sevinç Güven and Nagihan Karahan con-
tributed to the design and implementation of the protocol. 
All authors provided critical revisions to the manuscript be-
fore app-roving the final version.

Data Availability
All data necessary to support the protocol are available up-
on reasonable request.

Conflict of Interest
Each of the authors discloses no conflicts of interest relat-
ed to this work.

Ethics Approval 
The permission from the Ministry of Health and the approv-
al of the Hospital Ethics Committee were ob-tained for the 
study (Decision number: 0159, date: 10.03.2021).

Funding 
No funding. 

Informed Consent 
Signed informed consent was obtained from all patients’ 
relatives included in the study.

References
    1)	Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, 

Zhao X, Huang B, Shi W, Lu R, Niu P, Zhan F, Ma 
X, Wang D, Xu W, Wu G, Gao GF, Tan W; China 
Novel Coronavirus Investigating and Research 
Team. A Novel Coronavirus from Patients with 
Pneumonia in China, 2019. N Engl J Med 2020; 
382: 727-733. 

    2)	Alhassan RK, Nketiah-Amponsah E, Afaya A, 
Salia SM, Abuosi AA, Nutor JJ. Global Health Se-
curity Index not a proven surrogate for health sys-
tems capacity to respond to pandemics: The case 
of COVID-19. J Infect Public Health 2022; 16: 196-
205. 

    3)	Shang Y, Pan C, Yang X, Zhong M, Shang X, Wu Z, 
Yu Z, Zhang W, Zhong Q, Zheng X, Sang L, Jiang 
L, Zhang J, Xiong W, Liu J, Chen D. Management of 
critically ill patients with COVID-19 in ICU: statement 
from front-line intensive care experts in Wuhan, Chi-
na. Ann Intensive Care 2020; 10: 73-96.

    4)	Varatharaj A, Thomas N, Ellul MA, Davies NWS, 
Pollak TA, Tenorio EL, Sultan M, Easton A, Breen 
G, Zandi M, Coles JP, Manji H, Al-Shahi Salman 
R, Menon DK, Nicholson TR, Benjamin LA, Car-
son A, Smith C, Turner MR, Solomon T, Kneen R, 
Pett SL, Galea I, Thomas RH, Mic-hael BD; Cor-
oNerve Study Group. Neurological and neuro-
psychiatric complications of COVID-19 in 153 pa-
tients: a UK-wide surveillance study. Lancet Psy-
chiatry 2020; 7: 875-882. 

    5)	Berlin DA, Gulick RM, Martinez FJ. Severe 
Covid-19. N Engl J Med 2020; 383: 2451-2460. 

    6)	Phua J, Weng L, Ling L, Egi M, Lim CM, Divatia 
JV, Shrestha BR, Arabi YM, Ng J, Gomersall CD, 
Nishimura M, Koh Y, Du B; Asian Critical Care 
Clinical Trials Group. Intensive care mana-ge-
ment of coronavirus disease 2019 (COVID-19): 
challenges and recommendations. Lancet Res-
pir Med 2020; 8: 506-517. 

    7)	Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, Wu Y, 
Zhang L, Yu Z, Fang M, Yu T, Wang Y, Pan S, 
Zou X, Yuan S, Shang Y. Clinical course and out-
comes of critically ill patients with SARS-CoV-2 
pneumonia in Wuhan, China: a single-centered, 
retrospective, observational study. Lancet Respir 
Med 2020; 8: 475-481.

    8)	Grasselli G, Zangrillo A, Zanella A, Antonelli M, 
Cabrini L, Castelli A, Cereda D, Coluccello A, Foti 
G, Fumagalli R, Iotti G, Latronico N, Lorini L, Mer-
ler S, Natalini G, Piatti A, Ranieri MV, Scandroglio 
AM, Storti E, Cecconi M, Pesenti A; COVID-19 
Lombardy ICU Network. Baseline Characteris-
tics and Outcomes of 1591 Patients Infected With 
SARS-CoV-2 Admitted to ICUs of the Lombardy 
Region, Italy. JAMA 2020; 323: 1574-1581. 

    9)	Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, Huang 
H, Zhang L, Zhou X, Du C, Zhang Y, Song J, 
Wang S, Chao Y, Yang Z, Xu J, Zhou X, Chen D, 
Xiong W, Xu L, Zhou F, Jiang J, Bai C, Zheng J, 
Song Y. Risk Factors Associated With Acute Re-
spiratory Distress Syndrome and Death in Pa-
tients With Coronavirus Disease 2019 Pneumo-
nia in Wuhan, China. JAMA Intern Med 2020; 180: 
934-943. 



S. Girgin, M. Aksun, A.S. Tüzen, A. Şencan, O. Şanlı, et al 

3764

  10)	Mughal MS, Kaur IP, Jaffery AR, Dalmacion DL, 
Wang C, Koyoda S, Kramer VE, Patton CD, Wein-
er S, Eng MH, Granet KM. COVID-19 patients in 
a tertiary US hospital: Assessment of cli-nical 
course and predictors of the disease severity. Re-
spir Med 2020; 172: 106130. 

  11)	 Jain V, Yuan JM. Predictive symptoms and co-
morbidities for severe COVID-19 and intensive 
care unit admission: a systematic review and me-
ta-analysis. Int J Public Health 2020; 65: 533-
546. 

  12)	Escalera-Antezana JP, Lizon-Ferrufino NF, Mal-
donado-Alanoca A, Alarcon-De-la-Vega G, Al-
varado-Arnez LE, Balderrama-Saavedra MA, Bo-
nilla-Aldana DK, Rodriguez-Morales AJ. Risk fac-
tors for mortality in patients with Coronavirus Dis-
ease 2019 (COVID-19) in Bolivia: An analysis of 
the first 107 confirmed cases. Infez Med 2020; 28: 
238-242. 

  13)	Bello-Chavolla OY, Bahena-López JP, Anto-
nio-Villa NE, Vargas-Vázquez A, González-Díaz 
A, Márquez-Salinas A, Fermín-Martínez CA, 
Naveja JJ, Aguilar-Salinas CA. Predicting Mor-
tality Due to SARS-CoV-2: A Mechanistic Score 
Relating Obesity and Diabetes to COVID-19 Out-
comes in Mexico. J Clin Endocrinol Metab 2020; 
105: dgaa346. 

  14)	Wiersinga WJ, Rhodes A, Cheng AC, Peacock 
SJ, Prescott HC. Pathophysiology, Transmission, 
Diagnosis, and Treatment of Coronavirus Dis-
ease 2019 (COVID-19): A Review. JAMA 2020; 
324: 782-793. 

  15)	Armstrong RA, Kane AD, Cook TM. Outcomes 
from intensive care in patients with COVID-19: a 
systematic review and meta-analysis of obser-
vational studies. Anaesthesia 2020; 75: 1340-
1349. 

  16)	Bhatraju PK, Ghassemieh BJ, Nichols M, Kim R, 
Jerome KR, Nalla AK, Greninger AL, Pipavath S, 
Wurfel MM, Evans L, Kritek PA, West TE, Luks A, 
Gerbino A, Dale CR, Goldman JD, O’Mahony S, 
Mikacenic C. Covid-19 in Critically Ill Patients in 
the Seattle Region ¬– Case Series. N Engl J Med 
2020; 382: 2012-2022. 

  17)	Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, 
Zhang L, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia 
J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao 
Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao Z, 
Jin Q, Wang J, Cao B. Clinical features of patients 
infected with 2019 novel coronavi-rus in Wuhan, 
China. Lancet 2020; 395: 497-506. 

  18)	Tobin MJ, Laghi F, Jubran A. Caution about 
early intubation and mechanical ventilation in 
COVID-19. Ann Intensive Care 2020; 10: 78-80. 

  19)	Al-Tarbsheh A, Chong W, Oweis J, Saha B, Feus-
tel P, Leamon A, Chopra A. Clinical Outcomes 
of Early Versus Late Intubation in COVID-19 Pa-
tients. Cureus 2022; 14: e21669. 

  20)	Taylor EH, Marson EJ, Elhadi M, Macleod KDM, 
Yu YC, Davids R, Boden R, Overmeyer RC, Ra-
makrishnan R, Thomson DA, Coetzee J, Biccard 
BM. Factors associated with mortality in pa-tients 
with COVID-19 admitted to intensive care: a sys-
tematic review and meta-analysis. Anaest-hesia 
2021; 76: 1224-1232. 

  21)	Nandy K, Salunke A, Pathak SK, Pandey A, Doc-
tor C, Puj K, Sharma M, Jain A, Warikoo V. Coro-
navirus disease (COVID-19): A systematic review 
and meta-analysis to evaluate the impact of var-
ious comorbidities on serious events. Diabetes 
Metab Syndr 2020; 14: 1017-1025. 

  22)	Williamson EJ, Walker AJ, Bhaskaran K, Ba-
con S, Bates C, Morton CE, Curtis HJ, Mehrkar 
A, Evans D, Inglesby P, Cockburn J, McDonald 
HI, MacKenna B, Tomlinson L, Douglas IJ, Rent-
sch CT, Mathur R, Wong AYS, Grieve R, Har-
rison D, Forbes H, Schultze A, Croker R, Par-
ry J, Hester F, Harper S, Perera R, Evans SJW, 
Smeeth L, Goldacre B. Factors associated with 
COVID-19-related death using OpenSAFELY. Na-
ture 2020; 584: 430-436.

  23)	Levin AT, Hanage WP, Owusu-Boaitey N, Co-
chran KB, Walsh SP, Meyerowitz-Katz G. Ass-
es-sing the age specificity of infection fatali-
ty rates for COVID-19: systematic review, me-
ta-analysis, and public policy implications. Eur J 
Epidemiol 2020; 35: 1123-1138. 

  24)	Peckham H, Gruijter N, Raine C, Radziszewska 
A, Ciurtin C, Wedderburn L, Rosser E, Webb K, 
Deakin C. Male sex identified by global COVID-19 
meta-analysis as a risk factor for death and ITU 
admission. Nature 2022; 11: 6317-6326.

  25)	Meijs DAM, van Bussel BCT, Stessel B, Mehag-
noul-Schipper J, Hana A, Scheeren CIE, Peters 
SAE, van Mook WNKA, van der Horst ICC, Marx 
G, Mesotten D, Ghossein-Doha C, CoDaP inves-
tigators. Better COVID-19 Intensive Care Unit 
survival in females, independent of age, di-sease 
severity, comorbidities, and treatment. Sci Rep 
2022; 12: 734-742.

  26)	Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, Fu 
S, Gao L, Cheng Z, Lu Q, Hu Y, Luo G, Wang 
K, Lu Y, Li H, Wang S, Ruan S, Yang C, Mei C, 
Wang Y, Ding D, Wu F, Tang X, Ye X, Ye Y, Liu B, 
Yang J, Yin W, Wang A, Fan G, Zhou F, Liu Z, Gu 
X, Xu J, Shang L, Zhang Y, Cao L, Guo T, Wan 
Y, Qin H, Jiang Y, Jaki T, Hayden FG, Horby PW, 
Cao B, Wang C. Rem-desivir in adults with se-
vere COVID-19: a randomised, double-blind, pla-
cebo-controlled, multi-centre trial. Lancet 2020; 
395: 1569-1578. 

  27)	Klang E, Soffer S, Nadkarni G, Glicksberg B, 
Freeman R, Horowitz C, Reich DL, Levin MA. 
Sex Differences in Age and Comorbidities for 
COVID-19 Mortality in Urban New York City. SN 
Compr Clin Med 2020; 2: 1319-1322. 

  28)	Zhou Y, Yang Q, Chi J, Dong B, Lv W, Shen L, 
Wang Y. Comorbidities and the risk of severe or 
fatal outcomes associated with coronavirus dis-
ease 2019: A systematic review and meta-analy-
sis. Int J Infect Dis 2020; 99: 47-56. 

  29)	Liu H, Chen S, Liu M, Nie H, Lu H. Comorbid 
Chronic Diseases are Strongly Correlated with 
Disease Severity among COVID-19 Patients: A 
Systematic Review and Meta-Analysis. Aging Dis 
2020; 11: 668-678. 

  30)	Lippi G, Wong J, Henry BM. Hypertension in pa-
tients with coronavirus disease 2019 (COVID-19): 
a pooled analysis. Pol Arch Intern Med 2020; 130: 
304-309. 



Effects of comorbidities associated with COVID-19 cases in Intensive Care Unit on mortality 

3765

  31)	Kreutz R, Algharably EAE, Azizi M, Dobrowolski 
P, Guzik T, Januszewicz A, Persu A, Prejbisz A, 
Riemer TG, Wang JG, Burnier M. Hypertension, 
the renin-angiotensin system, and the risk of low-
er respiratory tract infections and lung injury: im-
plications for COVID-19. Cardiovasc Res 2020; 
116: 1688-1699. 

  32)	Yang JK, Lin SS, Ji XJ, Guo LM. Binding of SARS 
coronavirus to its receptor damages islets and 
causes acute diabetes. Acta Diabetol 2010; 47: 
193-199. 

  33)	Zhu L, She ZG, Cheng X, Qin JJ, Zhang XJ, Cai 
J, Lei F, Wang H, Xie J, Wang W, Li H, Zhang P, 
Song X, Chen X, Xiang M, Zhang C, Bai L, Xiang 
D, Chen MM, Liu Y, Yan Y, Liu M, Mao W, Zou J, 
Liu L, Chen G, Luo P, Xiao B, Zhang C, Zhang Z, 
Lu Z, Wang J, Lu H, Xia X, Wang D, Liao X, Peng 
G, Ye P, Yang J, Yuan Y, Huang X, Guo J, Zhang 
BH, Li H. Association of Blood Glucose Control 
and Outcomes in Patients with COVID-19 and 
Pre-existing Type 2 Dia-betes. Cell Metab 2020; 
31: 1068-1077.

  34)	Gold JAW, Wong KK, Szablewski CM, Patel PR, 
Rossow J, Da Silva J, Natarajan P, Morris SB, 
Fanfair RN, Rogers-Brown J, Bruce BB, Brown-
ing SD, Hernandez-Romieu AC, Furukawa NW, 
Kang M, Evans ME, Oosmanally N, Tobin-D’An-
gelo M, Drenzek C, Murphy DJ, Hollberg J, Blum 
JM, Jansen R, Wright DW, Sewell WM, Owens 
JD, Lefkove B, Brown FW, Burton DC, Uyeki TM, 
Bialek SR, Jackson BR. ‘Characteristics and clin-
ical outcomes of adult patients hospitalized with 
Covid-19-Georgia, March 2020. MMWR 2020; 69: 
545-550. 

  35)	Wang B, Li R, Lu Z, Huang Y. Does comorbidity 
increase the risk of patients with COVID-19: ev-
idence from meta-analysis. Aging (Albany NY) 
2020; 12: 6049-6057. 

  36)	Wu Z, McGoogan JM. Characteristics of and Im-
portant Lessons From the Coronavirus Disease 
2019 (COVID-19) Outbreak in China: Summary 
of a Report of 72 314 Cases From the Chinese 
Center for Disease Control and Prevention. JA-
MA 2020; 323: 1239-1242. 

  37)	Balbay Y, Gagnon-Arpin I, Malhan S, Öksüz ME, 
Sutherland G, Dobrescu A, Villa G, Ertuğrul G, 
Habib M. Modeling the burden of cardiovascular 
disease in Turkey. Anatol J Cardiol 2018; 20: 235-
240. 

  38)	Henry BM, Lippi G. Chronic kidney disease is as-
sociated with severe coronavirus disease 2019 
(COVID-19) infection. Int Urol Nephrol 2020; 52: 
1193-1194. 

  39)	Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, 
Liu L, Shan H, Lei CL, Hui DSC, Du B, Li LJ, Zeng 
G, Yuen KY, Chen RC, Tang CL, Wang T, Chen 
PY, Xiang J, Li SY, Wang JL, Liang ZJ, Peng YX, 
Wei L, Liu Y, Hu YH, Peng P, Wang JM, Liu JY, 
Chen Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, 
Zhu SY, Zhong NS; China Medical Treatment Ex-
pert Group for Covid-19. Clinical Characteristics 
of Coronavirus Disease 2019 in China. N Engl J 
Med 2020; 382: 1708-1720. 

  40)	Brar G, Pinheiro LC, Shusterman M, Swed B, 
Reshetnyak E, Soroka O, Chen F, Yamshon S, 
Vaughn J, Martin P, Paul D, Hidalgo M, Shah MA. 
COVID-19 Severity and Outcomes in Pati-ents 
With Cancer: A Matched Cohort Study. J Clin On-
col 2020; 38: 3914-3924. 

  41)	Shoumariyeh K, Biavasco F, Ihorst G, Rieg S, Ni-
eters A, Kern WV, Miething C, Duyster J, En-gel-
hardt M, Bertz H. Covid-19 in patients with hema-
tological and solid cancers at a Comprehen-sive 
Cancer Center in Germany. Cancer Med 2020; 9: 
8412-8422. 

  42)	Rossi AP, Gottin L, Donadello K, Schweiger V, 
Nocini R, Taiana M, Zamboni M, Polati E. Obe-si-
ty as a risk factor for unfavourable outcomes in 
critically ill patients affected by Covid 19. Nutr Me-
tab Cardiovasc Dis 2021; 31: 762-768. 

  43)	Simonnet A, Chetboun M, Poissy J, Raverdy V, 
Noulette J, Duhamel A, Labreuche J, Mathieu 
D, Pattou F, Jourdain M; LICORN and the Lille 
COVID-19 and Obesity study group. High Pre-va-
lence of Obesity in Severe Acute Respiratory 
Syndrome Coronavirus-2 (SARS-CoV-2) Requir-
ing Invasive Mechanical Ventilation. Obesity (Sil-
ver Spring). 2020; 28: 1195-1199. 

  44)	Martins-Filho PR, Tavares CSS, Santos VS. Fac-
tors associated with mortality in patients with 
COVID-19. A quantitative evidence synthesis of 
clinical and laboratory data. Eur J Intern Med 
2020; 76: 97-99. 

  45)	Sharma A, Jaiswal P, Kerakhan Y, Saravanan L, 
Murtaza Z, Zergham A, Honganur NS, Akbar A, 
Deol A, Francis B, Patel S, Mehta D, Jaiswal R, 
Singh J, Patel U, Malik P. Liver disease and out-
comes among COVID-19 hospitalized patients 
– A systematic review and meta-analysis. Ann 
Hepatol 2021; 21: 100273.

  46)	Doustmohammadian S, Doustmohammadian 
A, Momeni M. Association between thyroid dis-
or-ders and COVID-19: a protocol for a system-
atic review and meta-analysis. Thyroid Res 2021; 
14: 21-26. 

  47)	Zhang X, Lewis AM, Moley JR, Brestoff JR. A sys-
tematic review and meta-analysis of obesity and 
COVID-19 outcomes. Sci Rep 2021; 11: 7193-7204. 

  48)	Hur K, Price CPE, Gray EL, Gulati RK, Maksi-
moski M, Racette SD, Schneider AL, Khanwalkar 
AR. Factors Associated With Intubation and Pro-
longed Intubation in Hospitalized Patients With 
COVID-19. Otolaryngol Head Neck Surg 2020; 
163: 170-178.

  49)	Rees EM, Nightingale ES, Jafari Y, Waterlow NR, 
Clifford S, B Pearson CA, Group CW, Jom-bart T, 
Procter SR, Knight GM. COVID-19 length of hos-
pital stay: a systematic review and data synthesis. 
BMC Med 2020; 18: 270-291.

  50)	Vekaria B, Overton C, Wiśniowski A, Ahmad 
S, Aparicio-Castro A, Curran-Sebastian J, Ed-
dles-ton J, Hanley NA, House T, Kim J, Olsen 
W, Pampaka M, Pellis L, Ruiz DP, Schofield J, 
Shryane N, Elliot MJ. Hospital length of stay for 
COVID-19 patients: Data-driven methods for for-
ward planning. BMC Infect Dis 2021; 21: 700-714.


