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Abstract
Introduction: The aim of this was to describe the predictors 
of mortality related to COVID-19 infection and to evaluate 
the association between overweight, obesity, and clinical 
outcomes of COVID-19. Methods: We included the patients 
>18 years of age, with at least one positive SARS-CoV-2 re-
verse transcriptase-polymerase chain reaction. Patients 
were grouped according to body mass index values as nor-
mal weight <25 kg/m2 (Group A), overweight from 25 to <30 
kg/m2 (Group B), Class I obesity 30 to <35 kg/m2 (Group C), 
and ≥35 kg/m2 (Group D). Mortality, clinical outcomes, labo-
ratory parameters, and comorbidities were compared 
among 4 groups. Results: There was no significant differ-
ence among study groups in terms of mortality. Noninvasive 
mechanical ventilation requirement was higher in group B 

and D than group A, while it was higher in Group D than 
Group C (Group B vs. Group A [p = 0.017], Group D vs. Group 
A [p = 0.001], and Group D vs. Group C [p = 0.016]). Lung in-
volvement was less common in Group A, and presence of 
hypoxia was more common in Group D (Group B vs. Group 
A [p = 0.025], Group D vs. Group A [p < 0.001], Group D vs. 
Group B [p = 0.006], and Group D vs. Group C [p = 0.014]). The 
hospitalization rate was lower in Group A than in the other 
groups; in addition, patients in Group D have the highest 
rate of hospitalization (Group B vs. Group A [p < 0.001], 
Group C vs. Group A [p < 0.001], Group D vs. Group A [p < 
0.001], Group D vs. Group B [p < 0.001], and Group D vs. 
Group C [p = 0.010]). Conclusion: COVID-19 patients with 
overweight and obesity presented with more severe clinical 
findings. Health-care providers should take into account 
that people living with overweight and obesity are at higher 
risk for COVID-19 and its complications.
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Introduction

The World Health Organization declared a pandemic 
on March 11, 2020, and the first case of COVID-19 infec-
tion in Turkey was detected on March 10, 2020. Previous 
studies showed that COVID-19 mainly affects the respi-
ratory system. However, current studies have reported 
that the cardiovascular system, liver, kidneys, and the co-
agulation system are affected as well as the respiratory 
system [1–4]. The clinical spectrum of COVID-19 ranges 
from asymptomatic disease to severe acute respiratory in-
fection requiring intensive care unit (ICU). There are 
multiple risk factors related to mortality in patients with 
COVID-19. These factors include age, gender, diabetes 
mellitus, cerebrovascular, cardiovascular, and pulmo-
nary diseases [5–7]. Among these factors, the highest 
mortality rate in COVID-19 patients was reported from 
patients with cardiovascular disease and diabetes mellitus 
[8]. The association between obesity and the above men-
tioned factors leading to the highest mortality is very 
powerful [9].

There is a tendency for respiratory dysfunction in 
people with obesity. This dysfunction is often associated 
with increased airway resistance, impaired gas exchange, 
reduced lung volume, and respiratory muscle strength. 
People with obesity are at increased risk for hypoventi-
lation-related pneumonia, pulmonary hypertension, 
and cardiac stress [10]. In addition, obesity impairs im-
munity by deteriorating the cytokine response, resulting 
in a decrease in the cytotoxic cell response of immuno-
competent cells [11]. Furthermore, in obesity molecules 
specific to adipose tissue may play a role in forming a 
favorable environment for immune-induced diseases 
[12].

Previous studies have reported the association be-
tween obesity and viral infections. In 2009, a significant 
percentage of hospital admissions and mortality due to 
H1N1 Influenza A virus infection was due to obesity [13, 
14]. When considered in this context, obesity may in-
crease the risk for COVID-19 infection and be associated 
with its worse prognosis. The primary end point of our 
study is the predictors of mortality related to COVID-19 
infection. The secondary end points are hospitalization in 
ICU, need for noninvasive mechanical ventilation 
(NIMV), and invasive mechanical ventilation (IMV) in 
COVID-19 patients. We aimed to describe the predictors 
of mortality related to COVID-19 infection and to evalu-
ate the association between overweight, obesity, and clin-
ical outcomes of COVID-19.

Material and Methods

The study was approved by the local Ethics Committee of the 
Cerrahpasa Faculty of Medicine. The study adhered to the tenets 
of Helsinki. Written informed consent was obtained from all par-
ticipants.

Study Population
This is a cross-sectional multicenter study involving CO-

VID-19 patients who were admitted to COVID-19 outpatient clin-
ics at the Cerrahpaşa Medical Faculty and Koç University School 
of Medicine Hospitals between March and August 2020. While 
patients with unstable vital signs (temperature, pulse, blood pres-
sure, respiratory rate and oxygen saturation, and level of con-
sciousness) and/or lung involvement were hospitalized, patients 
with normal vital signs and no pulmonary involvement were fol-
lowed on an outpatient basis. Patients, over 18 years of age, with at 
least one positive SARS-CoV-2 reverse transcriptase-polymerase 
chain reaction (RT-PCR) examination were included. Cases with-
out any positive RT-PCR examination and identified as “possible” 
or “probable” according to the Centers for Disease Control and 
Prevention were excluded [15]. Patients were classified according 
to their body mass index (BMI) in 4 categories as normal weight 
<25 kg/m2 (Group A), overweight 25–29.9 kg/m2 (Group B), Class 
I obesity 30–34.9 kg/m2 (Group C), and ≥35 kg/m2 (Group D).

Computerized tomography (CT) imaging findings of patients 
were evaluated according to the criteria determined by the British 
Society of Thoracic Imaging [16]. Accordingly, classical (100% 
compatible) and possible (71–99% compatible) patterns were de-
fined as COVID-19 lung involvement. Those with an indetermi-
nate pattern (<70% compatible) and COVID-19 exclusion (<70% 
compatible and with another diagnosis) were not considered to 
have COVID-19 lung involvement [16].

SARS-CoV-2 Diagnosis
Both oropharyngeal and nasopharyngeal swab samples were 

taken from the patients and RT-PCR test was performed. RNA was 
extracted with a commercial kit (BioSpeedy Nucleic Acid extrac-
tion kit; Bioeksen R & D Technologies Ltd., Istanbul, Turkey), and 
detected COVID-19 RNA with a commercial RT PCR kit (Bio-
Speedy COVID-19 RT-qPCR kit; Bioeksen R & D Technologies 
Ltd., Istanbul, Turkey) that targets the RdRP gene of COVID-19 
in the samples. RT-PCR test protocol; 5 min RT-PCR at 52°C, 10-s 
initial denaturation step at 95°C, followed by 40 cycles of 1 s at 
95°C, and 30 s at 60°C. The Rotor-Gene Q 5plex HRM platform 
was used for amplification and detection.

Data Collection
Demographic, clinical, laboratory, treatment, and outcome 

data were collected from digital medical records using a standard-
ized data form. Data included gender, current age, smoking status, 
RT-PCR examination, CT findings, hospitalization, duration of 
hospitalization, comorbidities, NIMV need, IMV need, time be-
tween diagnosis and IMV, time between IMV and extubation, ad-
mission to ICU, time of stay in the ICU, acute complications dur-
ing the COVID-19 process (acute renal failure, acute coronary 
syndrome, pulmonary embolism, and cerebrovascular disease 
[CVD]), death, duration of hospitalization, past medical history, 
weight, height, and laboratory test results on their first evaluation 
in the COVID outpatient clinic (white blood cell, lymphocyte, 
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platelet count, coagulation profile, creatinine, and liver function 
[aspartate aminotransferase and alanine aminotransferase] tests, 
ferritin, fibrinogen, CRP, procalcitonin, and saturation data).

Statistical Analysis
Distribution of variables was examined by using the Kol-

mogorov-Smirnov test. For the analysis of quantitative indepen-
dent data, in normal distribution, we performed the ANOVA test, 
and in post hoc, the Bonferroni test was performed. In nonnormal 
distribution, we used the Kruskal-Wallis and Mann-Whitney U 
test for the analysis of quantitative-independent data Bonferroni 
correction was then performed to account errors due to the mul-
tiple comparisons among groups. Fisher’s exact χ2 test was used for 
the analysis of qualitative independent data. Univariate and mul-
tivariate logistic regression analyses and estimated odds ratios 
(ORs) with 95% confidence intervals (CIs) were performed to de-
termine the factors affecting mortality, ICU admission, intubation, 
and NIMV. In univariate analysis, age, male gender, BMI, presence 
of malignancy, dementia, type 2 diabetes (T2DM), hypertension, 
CVD, chronic obstructive pulmonary disease (COPD), chronic re-
nal failure, and current smoking status were evaluated. Multivari-

ate analyses were performed for factors that were significant at 
univariate analysis. Statistical significance was set as p < 0.05 with 
confidence level of 95%. Data were analyzed using Statistical Pack-
age for the Social Sciences v.22.0 software.

Results

Six hundred seventy-five patients with at least one pos-
itive SARS-CoV-2 RT-PCR test were evaluated. The 
mean age of the patients was 50.98 ± 17.0 years, and 312 
(47%) patients were female; 363 (53%) patients were 
male. The BMI data of 27 (4%) patients was missing. 
While there were 162 (25%) people with obesity, 238 
(36.7%) patients were normal weight and 248 (38.2%) 
were overweight in our study. Baseline demographics, co-
morbidities, and clinical data are shown in Table 1. Dur-
ing the SARS-CoV-2 infection 99 (14.7%), patients devel-

N*

Age (mean ± SD), years 50.9±17.0 675
Sex, n (%)

F 312 (47) 675
M 363 (53)

Presence of hypoxia, n (%) 118 (17.5) 655
Lung involvement, n (%) 437 (64.7) 655
Current smokers, n (%) 116 (21) 555
Number of patients’ hospitalization, n (%) 426 (63) 675
Number of patients hospitalized in the ICU, n (%) 54 (8) 675
Number of patients in need of NIMV, n (%) 49 (5.5) 675
Number of patients in need of intubation, n (%) 38 (5.6) 675
Length of stay in the ICU (mean ± SD), days 16.8±16.0 54
Time between intubation and extubation (mean ± SD), days 12.3±10 27
Length of stay in the hospital, (mean ± SD), days 10.3±9.7 426
BMI (mean ± SD), kg/m2 27.3±5.3 648
Comorbidities

Obesity, n (%) 162 (25) 648
Malignancy, n (%) 46 (6.8) 675
Dementia, n (%) 14 (2.1) 675
T2DM, n (%) 105 (15.6) 675
Hypertension, n (%) 190 (28.1) 675
Dyslipidemia, n (%) 48 (7.1) 675
CVD, n (%) 73 (10.8) 675
COPD, n (%) 55 (8.1) 675
Asthma, n (%) 16 (2.4) 675
CRF, n (%) 50 (8.1) 675
Chronic hepatocellular disease, n (%) 6 (0.9) 675
Death, n (%) 38 (5.6) 675

ICU, intensive care unit; NIMV, noninvasive mechanical ventilation; BMI, body mass 
index; T2DM, type 2 diabetes mellitus; CVD, cardiovascular disease; COPD, chronic 
obstructive pulmonary disease; CRF, chronic renal failure. * Number of patients whose 
information was available.

Table 1. Baseline demographics, 
comorbidities, and clinical data of patients
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oped acute kidney injury, 6 had acute coronary syndrome, 
5 had pulmonary embolism, and 5 had CVD. The mean 
BMI of patients was 27.3 ± 5.32 kg/m2. Patient groups ac-
cording to their BMIs’ are as follows: Group A had 238 
(36.7%) patients; Group B had 248 (38.2%) patients; 
Group C had 102 (15.7%) patients; and Group D had 60 
(9.2%) patients. The comparison of clinical and labora-
tory parameters of patients are shown in Table 2.

The number of patients with lung involvement in 
terms of COVID-19 was significantly lower in normal-
weight patients than in overweight, obese patients with 
BMI 30–34.9 kg/m2 and obese patients with BMI ≥35 
(Group B vs. Group A [p = 0.001], Group C vs. Group A 
[p < 0.001], and Group D vs. Group A [p < 0.001]). In ad-
dition, in obese patients with BMI ≥35 kg/m2, lung in-
volvement was higher than in overweight patients (Group 

Table 2. The comparison of clinical and laboratory data of patients among Groups A–D

Group A (n: 238)
(<25 kg/m2)

Group B (n: 248)
(25–29.9 kg/m2)

Group C (n: 102)
(30–34.9 kg/m2)

Group D (n: 60)
(≥35 kg/m2)

p value

Age (mean ± SD), years 45.4±18.3 52.8±16.3 54.7±14.3 58.6±13.8 <0.001
Sex

F (%) 131 (55) 89 (32.3) 46 (45.1) 42 (70) <0.001
M (%) 107 (45) 168 (67.7) 56 (54.9) 18 (30)

Clinical parameters
Lung involvement, n (%) 123 (53.7) 167 (69) 78 (78) 48 (84.2) <0.001
Presence of hypoxia, n (%) 28 (12.2) 48 (19.8) 19 (19) 21 (38.8) <0.001
Duration of hospitalization (mean ± SD), days 9.7±11.6 10.8±9.0 10.4±10.1 10.9±8.3 0.183
Duration of stay in ICU (mean ± SD), days 17.4±24.3 15.4±8.1 31.3±22.2 11.5±4.8 0.047
Time intubation-extubation (mean ± SD), days 3.5±2.0 4.5±3.1 5.0±6.1 4.4±2.9 0.360

Current smoker, n (%) 36 (20) 53 (25.6) 15 (16.3) 11 (20) 0.279
Hospitalization, n (%) 109 (45.8) 161 (64.9) 77 (75.5) 55 (91.7) <0.001
NIMV, n (%) 6 (2.6) 18 (7.3) 4 (3.9) 9 (15.3) 0.001
Intubation, n (%) 11 (4.7) 16 (6.5) 6 (5.9) 4 (6.7) 0.839
ICU, n (%) 14 (6) 24 (9.7) 6 (5.9) 9 (15) 0.082
Death, n (%) 14 (5.9) 14 (5.9) 5 (4.9) 1 (1.7) 0.605
Laboratory parameters
WBC (mean ± SD), 103/mm3 9.0±43.2 7.1±9.8 6.6±2.3 6.5±3.1 0.818
Lymphocyte (mean ± SD), 103/mm3 1.3±0.6 1.4±0.7 1.5±0.7 1.6±0.8 0.111

CRP (mean ± SD), mg/L 37.5±65.9 38.7±52.6 42.0±54.1 44.7±49.4 <0.001
Creatinine (mean ± SD), mg/L 1.00±1.1 1.2±1.4 1.03±0.7 1.1±1.2 <0.001
Fibrinogen (mean ± SD), mg/L 428.6±153.0 464.4±180.4 423.5±141.1 428.6±152.0 0.445
Procalcitonin (mean ± SD), ng/mL 1.5±10.2 0.1±0.4 0.5±2.2 0.2±0.9 0.877
AST (mean ± SD), IU/L 30.0±35.2 32.0±20.1 36.5±38.0 32.2±17.2 <0.001
ALT (mean ± SD), IU/L 26.4±24.3 29.2±22.8 33.4±29.4 28.6±19.5 0.001
Ferritin (mean ± SD), ng/mL 416.7±898.3 455.2±498.9 532.2±1184.7 273.1±290.7 0.001
D-dimer (mean ± SD), mg/L 1.6±4.9 1.5±6.1 1.2±3.8 1.0±2.1 0.364

CRP, C-reactive protein; Hb, hemoglobin; WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
ICU, intensive care unit; NIMV, noninvasive mechanical ventilation. Male patients: Group B versus Group A (p < 0.001), Group A versus 
Group D (p = 0.036), Group B versus Group D (p < 0.001), Group B versus Group C (p = 0.023), and Group C versus Group D (p = 
0.002); age: Group B versus Group A (p < 0.001), Group C versus Group A (p < 0.001), and Group D versus Group A (p < 0.001); 
hospitalization: Group B versus Group A (p < 0.001), Group C versus Group A (p < 0.001), Group D versus Group A (p < 0.001), Group 
D versus Group B (p < 0.001), and Group D versus Group C (p = 0.010); duration of ICU: Group C versus Group A (p = 0.049); CRP: 
Group B versus Group A (p = 0.036), Group C versus Group A (p = 0.017), and Group D versus Group A (p = 0.001); ferritin: Group C 
versus Group A (p = 0.031) and Group B versus Group A (p = 0.001); creatinine: Group C versus Group A (p = 0.008), Group D versus 
Group A (p = 0.013), and Group B versus Group A (p < 0.001); AST: Group B versus Group A (p = 0.001), Group D versus Group A (p 
= 0.037), and Group C versus Group A (p = 0.002); ALT: Group B versus Group A (p = 0.001), and Group C versus Group A (p = 0.03); 
NIMV: Group B versus Group A (p = 0.017), Group D versus Group A (p = 0.001), and Group D versus Group C (p = 0.016); lung 
involvement: Group B versus Group A (p = 0.001), Group C versus Group A (p < 0.001), Group D versus Group A (p < 0.001), and 
Group D versus Group B (p = 0.022); presence of hypoxia: Group B versus Group A (p = 0.025), Group D versus Group A (p < 0.001), 
Group D versus Group B (p = 0.006), and Group D versus Group C (p = 0.014).
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D vs. Group B [p = 0.022]). Also the number of patients 
presenting with low oxygen saturation was significantly 
higher in obese patients with BMI ≥35 kg/m2 (Group D) 
(p < 0.001), who had the highest rate of hospitalization 
among the groups (p < 0.005). The lowest hospitalization 
rate was found in normal-weight patients (Group A) (p < 
0.005).

In our study, there was no significant difference among 
the groups in terms of mortality (p = 0.605). NIMV need 
was found to be significantly higher in Group B (25–30 
kg/m2) and D (≥35 kg/m2) than in Group A (<25 kg/m2) 
(p = 0.017, p < 0.001, respectively). In addition, it was 
found to be significantly higher in Group D than in Group 
C (30–35 kg/m2) (p = 0.016). ICU need was higher in 
Group D than in the other groups, although statistically 
not significant (p = 0.082). Furthermore, the length of 
stay in the ICU was significantly longer in Group C than 
in Group A (p = 0.049). In addition, no significant differ-
ence was detected among groups in terms of time be-
tween diagnosis and intubation, hospitalization time, the 
time between intubation-extubation, and intubation 
need (p = 0.905, p = 0.183, p = 0.360, and p = 0.839, re-
spectively).

When we evaluated the laboratory parameters, CRP 
levels were significantly lower in Group A than those in 
the other groups (Group B vs. Group A [p = 0.036], Group 
C vs. Group A [p = 0.017], and Group D vs. Group A [p 
= 0.001]). The ferritin level was found significantly high-
er in Group B and C than in Group A (p = 0.001 and p = 
0.031, respectively). In contrast, there was no significant 
difference between the groups in terms of procalcitonin, 
white blood cell, lymphocyte, and fibrinogen levels. The 
comparison of clinical and laboratory parameters of pa-
tients are shown in Table 2.

In our study, it was observed that comorbidities were 
generally more common in patients with high BMI. Ac-
cordingly, dementia was found to be significantly higher 
in Group D than that in Group C (Group D vs. Group C 
[p = 0.049]). Hypertension was the lowest in Group A and 
the highest in Group D (Group B vs. Group A [p < 0.001], 
Group C vs. Group A [p < 0.001], Group D vs. Group A 
[p < 0.001], Group D vs. Group B [p = 0.002], and Group 
D vs. Group C [p = 0.007]). T2DM (Group C vs. Group 
A [p = 0.001], Group D vs. Group A [p < 0.001], Group D 
vs. B [p < 0.001], and Group D vs. Group C [p = 0.003]) 
and COPD (Group D vs. A [p = 0.001], Group D vs. 
Group B [p = 0.003], and Group D vs. Group C [p = 
0.041]) were detected the highest in Group D. Asthma 
was higher in Group C and D than in Group B (Group C 
vs. Group B [p = 0.009] and Group D vs. Group B [p = Ta
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0.024]). While CVD was higher in Group B than in Group 
C, it was higher in Group D than in Group A (Group B 
vs. Group C [p = 0.007] and Group D vs. Group A [p = 
0.010]).

According to the univariate and multivariate logistic 
regression, factors affecting mortality were as follows: age 
(OR = 1.104; 95% CI 1.069–1.140, p < 0.001), presence of 
malignancy (OR = 13.478; 95% CI 5.649–32.156, p < 
0.001), and COPD (OR = 3.079; 95% CI 1.189–7.974, p = 
0.021). Factors affecting ICU admission were age (OR = 
1.077; 95% CI 1.054–1.100, p < 0.001), presence of malig-
nancy (OR = 3.671; 95% CI 1.723–7.825, p < 0.001), fac-
tors affecting intubation; age (OR = 1.101; 95% CI 1.069–
1.133, p < 0.001), male gender (OR = 0.331; 95% CI 0.147–
0.746, p = 0.008), presence of malignancy (OR = 3.928; 
95% CI 1.644–9.383, p = 0.002), factors affecting NIMV; 
age (OR = 1.039; 95% CI 1.016–1.062, p = 0.001), BMI 
(OR = 1.060; 95% CI 1.002–1.121, p = 0.041), and pres-
ence of malignancy (OR = 3.567; 95% CI 1.481–8.592, p 
= 0.005). Univariate and multivariate analyses of mortal-
ity and hospitalization in the ICU and univariate and 
multivariate analyses of IMV and NIMV are shown in 
Tables 3 and 4, respectively.

Discussion

We have demonstrated that obesity is an independent 
risk factor in patients with severe COVID-19. In this 
cross-sectional study, lung involvement and presence of 
hypoxia were more common in people living with obe-
sity, and acute inflammatory markers were lower in nor-
mal-weight patients. Furthermore, hospitalization rate 
was higher, the duration of stay in the ICU was longer, 
and the need to NIMV was more frequent in people with 
obesity than those in the normal-weight patients.

When studies on the relationship between COVID-19 
and obesity are evaluated, it is seen that the prevalence of 
overweight and obesity are high among COVID-19 pa-
tients [17, 18]. In addition, a high frequency of obesity 
(47.5%) was found among patients admitted to ICU for 
COVID-19 [19]. The results of our study were in line with 
the previous studies. The high prevalence of overweight 
and obesity in COVID-19 patients requires increased at-
tention from health-care providers managing these pa-
tients [20]. Obesity was known to be a risk for hospitaliza-
tion before the COVID-19 pandemic [14, 21]. These data 
have been confirmed in studies related to COVID-19 and 
obesity. Petrilli et al. [22] showed that people living with 
overweight and obesity needed hospitalization more fre-Ta
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quently in patients with COVID-19. Our findings are 
consistent with the literature with regards to hospitaliza-
tion being higher in patients with obesity than in non-
obese patients.

Studies showed that obesity affected the mortality rate, 
viral titers in lung, and worsened lung pathology in viral 
infections [13, 23, 24]. The findings of studies on CO-
VID-19 and obesity are also in line with these results [25]. 
In a study conducted by Luo et al. [26], the authors re-
ported that people with obesity had a more severe lesion 
in lung than that in normal-weight patients. Further-
more, Kang et al. [27] showed that lung injury was more 
severe and disease progression was worse in people with 
obesity than in the patients without obesity. Although we 
did not classify the severity of lung involvement, lung in-
jury was found to be higher in people with obesity in our 
study. In addition, it was observed that patients with lung 
involvement had a worse prognosis.

Busetto et al. [17] reported that people with overweight 
and obesity more frequently needed respiratory support 
and were more prone to be admitted to ICUs or semi-
ICUs. In another study conducted by Simonnet et al. [19], 
it was seen that as BMI increased, the need for IMV in-
creased, especially in patients with BMI >35 kg/m2. In ad-
dition, Frank et al. [18] showed that patients with higher 
BMI need for supplemental oxygen and have higher rates 
of intubation. Our findings are consistent with higher 
NIMV need and duration of stay in the ICU in patients 
with higher BMI. BMI was among the predictors for the 
need for NIMV in multivariate analysis. In addition, ICU 
admission was higher in patients with higher BMI al-
though not reaching statistically significance.

Obesity is an important risk factor for comorbidities 
such as cardiovascular diseases, hypertension, and diabe-
tes mellitus [10]. In a study conducted by Richardson et 
al. [28], the authors showed that the most common co-
morbidities among the hospitalized COVID-19 patients 
were hypertension and obesity. In another study, Zhou et 
al. [29] reported that hypertension was the most common 
comorbidity in patients with COVID-19 and followed by 
diabetes and coronary heart disease. Obesity-related co-
morbidities in obese patients with COVID-19 pose an ad-
ditional risk of COVID-19 complications. The authors 
suggested that obesity-related comorbidities such as 
T2DM, hypertension, and cardiovascular diseases could 
increase the risk of mortality for COVID-19 in Italy [30]. 
Our results were found to be consistent with the litera-
ture.

The cumulative risk of mortality increases with obesi-
ty-related comorbidities [31]. Therefore, it is difficult to 

attribute mortality to obesity alone. There are variable re-
sults regarding obesity and mortality in the literature. For 
instance, Nie et al. [32] found that although pneumonia 
increased in obese and overweight patients, mortality did 
not increase. Likewise, in a study conducted by Chu et al. 
[33], patients with obesity were found to have a mortality 
rate of 30.85%, while the mortality rate was found to be 
33.05% in patients without obesity, and they reported that 
obesity was not associated with mortality. On the other 
hand, Ergönül et al. [25] showed that obesity is signifi-
cantly associated with a higher case fatality rate. In our 
study, no association was found between mortality and 
BMI among groups in univariate and multivariate analy-
sis due to the small numbers in each group. However, a 
significant association was found between mortality and 
age, malignancy, and COPD.

Exaggerated immune response to SARS-CoV-2 is one 
of the most important reasons for the severity of and the 
mortality from COVID-19 [34], and we know that obe-
sity is a chronic subclinical inflammatory entity, and it 
can affect the immune responses to infectious diseases 
[35, 36]. For instance, Chiappetta et al. [37] reported that 
interleukin (IL)-6 increased in obesity and positive cor-
relation was found between CRP and waist-to-hip ratio 
in people with obesity. Serum amyloid-A is secreted by 
adipocytes and can activate macrophages to produce in-
flammatory cytokines (e.g., tumor necrosis factor]-a, IL-1 
and IL-6, and resistin) [38, 39]. Especially, IL-6 mediates 
the acute phase response and is a prognostic biomarker 
in sepsis and various acute organ damages [40]. Further-
more, IL-6 plays an important role in the pathogenesis of 
pulmonary diseases [40, 41]. In this respect, when looking 
into the literature, it can be seen that inflammatory mark-
ers are higher in obese COVID-19 patients [27, 42, 43]. In 
our study, inflammatory markers were found higher in 
people with obesity, which was in accordance with the 
current literature. Since our study was retrospective, we 
could not evaluate IL-6 levels. However, we know that 
IL-6 induces expression of CRP via acting on hepatocytes 
[44], so CRP may be an indirect indicator of IL-6.

Our study provides important data owing to a multi-
center study investigating a large number of patients. 
However, there are several limitations to our study. First, 
our study has a retrospective design in which patients’ 
data were collected from digital medical records. Second, 
we could not classify lung involvement radiologically, so 
we did not evaluate the association between the change in 
the severity of lung involvement and BMI. Third, at the 
early phase of the pandemic NIMV was the most fre-
quently applied mode of respiratory support, and IMV 
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was postponed to prevent adverse patient outcomes in 
ICU.

In conclusion, people with overweight and obesity 
having COVID-19 present with more severe clinical find-
ings. As BMI increases, the need for respiratory support 
becomes more frequent, the risk for hospitalization is 
higher, and the ICU stay is longer. Therefore, health-care 
providers should take into account that people living with 
obesity are at higher risk for COVID-19 and its complica-
tions.
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