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Abstract

Background Since December 2019, novel coronavirus (SARS-CoV-2)-induced pneumonia (COVID-19) occurred in
Wuhan, and rapidly spread throughout China. COVID-19 patients demonstrated significantly different outcomes in clinic.
We aimed to figure out whether obesity is a risk factor influencing the progression and prognosis of COVID-19.
Methods 95 patients with COVID-19 were divided into obesity group and non-obesity group according to their body mass
index (BMI). The demographic data, clinical characteristics, laboratory examination, and chest computed tomography (CT)
were collected, analyzed and compared between two groups.

Results Our data showed that COVID-19 patients with obesity had more underlying diseases and higher mortality rate
compared to those without obesity. Furthermore, patients with obesity also demonstrated more severe pathological
change in lung and higher blood lymphocytes, triglycerides, IL-6, CRP, cystatin C, alanine aminotransferase
(ALT), erythrocyte sedimentation rate (ESR), which may greatly influence disease progression and poor prognosis of
COVID-19.

Conclusions It suggest that obesity contributes to clinical manifestations and may influence the progression and prognosis of
COVID-19 and it is considered as a potential risk factor of the prognosis of COVID-19. Special medical care and appropriate
intervention should be performed in obesity patients with COVID-19 during hospitalization and later clinical follow-up,
especially for those with additional other comorbidities.

Introduction Organization (WHO), outbroken in Wuhan, China. SARS-
CoV-2 can transmit from person to person through contact
or respiratory aerosols. Patients with COVID-19 showed
acute respiratory symptoms similar to the symptoms from
the patients with SARS-CoV infection, and had an incu-
bation period of about 3-14 days [1-3]. The evolution
analysis showed that SARS-CoV-2 belongs to the  genus
of coronavirus and has 96% homology with a bat-derived

SARS-like virus [2, 4]. In vitro study confirmed that SARS-

In December 2019, a novel coronavirus (SARS-CoV-2)
induced pneumonia, named COVID-19 by World Health
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CoV-2 enter the host via its S protein binding to cell surface
receptor ACE2 [4-6].

Most patients with COVID-19 are mildly ill and have a
flu-like upper respiratory symptoms, such as fever, dry
cough, fatigue, and muscle soreness and so on. However,
some patients may progress to acute respiratory distress
syndrome, metabolic acidosis, or coagulation dysfunc-
tion, even leading to death [1, 2, 7, 8]. Thus, the duration
of hospitalization of COVID-19 patient varies from per-
son to person. Knowing the factors causing such clinical
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difference can guide people to take right cares to protect
infection and guide clinic treatment.

It was estimated by WHO that over 50% of the current
global population is overweight or obese, which is often
accompanied with more underlying diseases [9]. Increasing
evidences suggested that obesity may increase the risk of
infection and affect the courses of disease [10—13]. Studies
demonstrated that obesity can increase the ability of influ-
enza virus replication and variation, also promote the
emergence of potential mutant strains emergence, and it
greatly influenced the mortality rate, viral titers in lung and
worsened lung pathology [9, 14]. Moreover, recent publica-
tion indicated that the obesity patients with COVID-19
demonstrated a high frequency of intensive care and greater
disease severity [15]. The presence of obesity in patients with
metabolic associated fatty liver disease was associated with
increased risk of severe COVID-19 illness [16]. Type 2 dia-
betes mellitus, hypertension, and cardiovascular diseases were
frequently detected in subjects who died from COVID -19 in
Ttaly [17, 18]. It can be inferred that obesity-related
comorbidities could represent an unfavorable factors for
complications of COVID-19 in obesity, which might greatly
influenced the proliferation of viruses, tissue damage, and
further affected mortality rate.

In order to figure out whether obesity is a risk factor for
the prognosis of COVID-19, we studied 95 admitted
COVID-19 cases in Wuhan Union Hospital and divided
them into obesity and non-obesity groups based on body
mass index (BMI). Basic information, chest CT scans and
laboratory examination were collected and analyzed. Our
data showed that obesity is a risk factor and associated with
poor prognosis of COVID-19.

Methods
Study design and participants

95 admitted patients with COVID-19 in Wuhan Union
Hospital from February 15 to March 02, 2020 were enrolled
in this retrospective single-center study. Patients were
divided into two groups, patients with BMI scores greater
than or equal to 25 were classified as obesity patients
according to the International Association for the Study of
Obesity, the International Obesity Task Force, and the
WHO for the recommended cut off points for Asian
populations, and the rest were non-obesity patients [19-21].
This case series was approved by the Ethics Committee of
Wuhan Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology (No. [2020]93).
Written informed consent was waived by the Ethics Com-
mission of the designated hospital for the emerging infec-
tious diseases.
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Procedures

We collected 95 patients and analyzed their demographic
data, medical history, contact history, signs and symptoms,
laboratory test results, and chest CT scans from the elec-
tronic medical record. The date of the onset of the disease is
defined as the date of the first symptom. The clinical results
were followed up to March 15, 2020. Laboratory verifica-
tion of SARS-CoV-2 was performed at Wuhan Union
Hospital. Throat-swab specimens obtained from the
patient’s upper respiratory tract were kept in viral-transport
medium. Total RNA was extracted in 2 h using a respiratory
sample RNA isolation kit (Zhongzhi, Wuhan, China).
SARS-CoV-2 nucleic acid was examined by RT-PCR as
previously described [22]. In addition, CT imaging scores
were used to quantify the pathological changes of the lung
from patients with COVID-19. These values were obtained
by two physicians with an introduced scoring system as
described in Table 1 by randomized double blind.

Statistical analysis

Categorical variables are expressed as frequency and per-
centage (%), continuous variables were expressed as mean
(SD) if they are normally distributed or median (IQR) if not.
Categorical variables were compared between the two
groups using the x° test or Fisher’s exact test, and con-
tinuous variables were analyzed using the two-sided Stu-
dent’s 7 test or the Mann—Whitney U test as appropriate. A
P value of <0.05 was considered statistically significant.
Estimate of variation within each group was analyzed and
groups showed similar variance were compared. The power
calculations were performed in the same way as in the
original study [23]. Power>0.75 represent the P >0.05
group is indeed not statistically significants, vice versa. All
statistical ~ analyses were performed using SPSS
20.0 software.

Table 1 The scoring system of CT imaging in patients with
COVID-19.

No.  Performance Score
1) Unbilateral patchy shadows or ground glass opacity 5
2) Bilateral patchy shadows or ground glass opacity 7
3) Diffuse changes for (1) or (2) 2
4) Unbilateral solid shadow, strip shadow 2
5) Bilateral solid shadow, strip shadow 4
(6) Unbilateral Pleural effusion 2
(7 Bilateral pleural effusion 4
(8) Increased or enlarge mediastinal lymph nodes 1
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Fig. 1 Comparison of basic diseases between obesity and non-
obesity patients. The percentage of basic diseases distribution in
obesity and non-obesity patients was statistically analyzed.

Results

Demographics data showed obesity patients have more
underlying diseases such as cardiovascular diseases (41.7%
vs. 22.0%), endocrine system abnormalities (22.2% vs.
10.2%), respiratory diseases (5.6% vs. 1.7%), and neuro-
logical diseases (2.8% vs. 1.7%) compared to non-obesity
group (Fig. 1, Supplementary Table S1). There was no
significant difference in age between obesity patients and
non-obesity patients (52 [IQR, 21-81] vs. 53 [IQR, 24-84])
(Supplementary Table S1). Gender and other baseline
symptoms between the two groups and the time from
symptom onset to hospitalization were analyzed (Supple-
mentary Table S1). For all patients, the most common
symptoms are fever (46.3%), cough (21.1%), fatigue
(15.8%), and diarrhea (13.7%), whereas chest tightness
(9.5%), myalgia (8.4%), sputum production (5.3%), head-
ache (5.3%), chest pain (4.2%), nausea and vomiting
(4.2%), chill (3.2%), shortness of breath (2.1%), and izzi-
ness (1.1%) were relatively rare. Frequency of cough
(36.1% vs. 11.9%) and fatigue (33.3% vs. 5.1%) in obesity
patients was much higher compare to non-obesity patients.
Mortality rates of the patients was relatively higher in
obesity ones (5.5% vs. 0%) suggesting a worse outcome of
SARS-CoV-2 infection (Supplementary Table S1).

At admission, abnormal chest CT images were detected
in all patients. We compared the representative chest CT
imaging of obesity and non-obesity patients and found that
the distribution and frequency of lung lesions were different
(Fig. 2a, Supplementary Table S2). All patients with
COVID-19 displayed varying degrees of typical ground-
glass opacities in lung (Fig. 2b). The lung lesions in obesity
patients were more widely distributed as manifested random
(83.3% vs. 61.0%), while the non-obesity patients showed
peripheral infection of lung more frequency (33.9% vs.
11.1%). 91.7% obesity patients performed bilateral multi-
lobe lesions while non-obesity patients showed 84.7%. The
obesity ones also manifested higher proportion of specific
ground-glass opacity (100.0% vs. 94.9%), crazy-paving
pattern (30.6% vs. 23.7%), enlarged or increased number of

pulmonary mediastinal lymph nodes (33.3% vs. 10.2%),
and pleural effusion (11.1% vs. 10.2%), which represent
more severe lung lesions (Fig. 2a, Supplementary Table
S2). In addition, the severity of lung pathological changes
was scored with reference to the criteria (Table 1). It shows
that the score of CT imaging for patients with obesity was
higher, in comparison to the one for non-obesity patients
(Fig. 2c). It suggest that lung injury was more severe in
obesity patients, which represents worse disease
progression.

According to statistical results, the values of some
laboratory tests for all patients are abnormal (Supplemen-
tary Table S3). For both groups, inflammation-related
markers such as IL-6 (5.84 [IQR, 2.95-108.89]), IL-4
(3.62 [IQR, 1.37-6.88]), hypersensitive C-reactive protein
(hsCRP) (7.97 [IQR, 1.67-91.4]), and erythrocyte sedi-
mentation rate (ESR) (28.5 [IQR, 2-112]), as well as
enzyme alanine aminotransferase (ALT) (39 [IQR, 8-176])
and cystatin C (1.03 [IQR, 0.56-5.16]), were all sig-
nificantly elevated. Monocyte count (0.60x 10° [IQR,
0.2-1.23]) in two groups were slightly increased. IL-10
(5.13 [IQR, 2.19-10.14]) also showed a certain increase in
all patients. However, the albumin/globulin (ALB/GLB)
(1.4 [IQR, 0.8-2.3]) was significantly decreased in two
groups. Low-density lipoprotein (LDL) (2.65 [IQR,
2.04—4.42]) also showed irregular. The lymphocytes
(1.15%x 10° [IQR, 0.5-2.81]) in all patients showed abnor-
mal changes. Triglycerides (1.5 [IQR, 0.3-7.59]) also
manifested diversity. Creatine kinase (52 [IQR, 26-268]),
fibrinogen (FIB) (3.78 [IQR, 2.05-8.69]), and D-dimer
(0.26 [IQR, 0.2-2.11]) displayed no obvious abnormalities
in two groups (Figs. 3, 4).

Further we compared the differences in laboratory tests
between the obesity patients and non-obesity patients (Figs.
3, 4, Supplementary Table S3). It shows that for the obesity
patients, triglycerides (1.81 [IQR, 0.63-6.43] vs. 1.34 [IQR,
0.3-7.59]), LDL (3.14 [IQR, 2.0-4.42] vs. 2.56
[IQR,2.04-4.27]), ALT (44 [IQR, 13-176] vs. 39 [IQR,
8-122]), cystatin C (1.21 [IQR, 0.56-5.16] vs. 0.95 [IQR,
0.57-1.89]), and inflammation-related markers such as
hsCRP (12.8 [IQR, 4.17-91.4] vs. 6.61 [IQR, 1.67-40.12]),
ESR49 [IQR, 2-112] vs. 25 [IQR, 2-68]), IL-6 (10.81
[IQR, 3.01-108.89] vs. 5.56 [IQR, 2.95-39.88]), and IL-4
(4.2 [IQR, 1.58-6.88] vs. 3.45 [IQR, 1.37-5.99]) were
elevated to a much higher extent, compared to non-obesity
patients (Fig. 3b, Fig. 4a). The count of monocyte (0.64 x
10° [IQR, 0.2-1.23] vs. 0.56 x 10° [IQR, 0.24-0.85]) was
also superior in obesity group (Fig. 3a). IL-10 (5.21 [IQR,
2.23-9.02] vs. 5.13 [IQR, 2.19-10.14]) manifested higher
level in obesity patients (Fig. 4a). Whereas, the ALB/GLB
(1.2 [IQR, 0.8-2.0] vs. 1.06 [IQR, 1.4 (1.0-2.3)]) was
significantly lower in obesity patients (Fig. 3b). Abnormal
changes were also found in absolute count of lymphocytes
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Fig. 2 CT result in the obesity
patients and non-obesity
patients. a The frequency of
lung injury distribution of the
obesity and non-obesity patients.
b The representative CT images
of the obesity and non-obesity
patients patients. ¢ The CT score
of the obesity and non-obesity
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(1.63x10° [IQR, 0.5-1.57] vs. 1.06x10° [IQR,

0.66-2.81]) between two groups (Fig. 3a). In obesity group,
creatine kinase (66.5 [IQR, 29-268] vs. 47 [IQR, 26-222]),
uric acid (328.1 [IQR, 177.7-532] vs. 270.75 [IQR,
194-493]), and blood glucose (5.61 [IQR, 4.2-14.51] vs.
4.86 [IQR, 3.95-13.49]) performed higher trend in the
normal range (Fig. 3b). The coagulation related factors FIB
(3.87 [IQR, 2.58-8.69] vs. 3.60 [IQR, 2.05-6.83]) and D-
dimer (0.36 [IQR, 0.2-2.11] vs. 0.22 [IQR, 0.2-2.11])
results were also a little higher in obesity patients than in
non-obesity patients in the normal range (Fig. 4b). These
data indicate that the abnormally elevated blood lipids,
higher tissue injury-related enzyme release, excessive
uncontrolled inflammatory response may greatly influence
disease progression and lead to a poorer prognosis for
COVID-19.

Discussion

In this study, we collected data from 95 cases with COVID-
19. Data showed that there was no significantly difference
in age and gender between obesity and non-obesity patients.
However, obesity patients have more underlying diseases
such as cardiovascular disease and abnormal endocrine
metabolism including diabetes and thyroncus as previous
studies. These patients manifested more severe clinical
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symptoms, lung injury, elevated tissue damage and
inflammation related parameters, and higher mortality rate
compared to non-obesity ones.

As it reported, obesity is the result of abnormal energy
metabolism, leading to weight gain and metabolic disorders,
which in turn cause tissue stress and dysfunction [24, 25]. In
our study, obesity patients showed higher levels of trigly-
cerides, LDL and blood glucose than non-obesity ones, this
metabolic abnormality may greatly influence disease pro-
gression and poor prognosis of COVID-19. Obesity provide
a unique microenvironment for the pathogenesis of the
disease, and is characterized by a chronic, low-
inflammatory state, which may lead to the production of
exhausted immune cells, and the organism becomes more
vulnerable to infections and less responsive to vaccinations,
antivirals, and antimicrobial drugs [15, 26]. Chronic
inflammation in obesity is characterized by a condition of
adipocyte hypoxia and dysfunction, that results in an exu-
berant secretion of pro-inflammatory cytokines and the
recruitment of immune cells including macrophages, T-cells
and B-cells, and ultimately an auto-regenerating inflam-
mation loop will be formed [26, 27].

An excessive immune response to SARS-CoV-2 is
thought to be the major reason of disease severity and death
for patients with COVID-19 [28]. The circulating pro-
inflammatory stimuli, for example viral pathogen-associated
molecular patterns trigger activation of blood monocytes,
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which are recruited to infected tissues and become tissue
macrophages. These monocyte-derived macrophages per-
form phagocytosis in infected tissues [29]. Previous studies
indicated the massive mononuclear cells infiltration in the
lung, kidney, heart, lymph nodes of patients with COVID-
19 [30, 31], suggesting the important role of monocytes in
the progression of disease. In the later stage of infection,
SARS-CoV-2 can also initiate an adaptive T cell response,
reflected by the changes in T cell differentiation and acti-
vation with markedly increased proportion of lymphocytes

and upregulated activation markers on T cells. However, the
levels of regulatory molecules such as PD-1, CTLA-4, and
TIGIT, will were also increased during T cell responses,
indicating the potential exhaustion of T cells in function
[32]. During the innate and adaptive immune responses,
inflammation-related molecules were also expressed. Our
results illustrated that IL6, IL-4, ESR, and hsCRP proteins
were much higher in COVID-19 patients with obesity
compared to non-obesity patients, which is consistent with
previous studies [7, 33]. Further more, higher levels of
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circulating inflammatory molecules could lead to severe
damage in organs, such as lung, liver, and kidney, which is
exactly consistent with significantly increased serum that
the ALT, cystatin C, and severe lung pathological changes
in obesity patients with COVID-19. The coagulation related
factors were also detected in a higher level in obesity
patients than those in non-obesity patients, suggesting a
higher risk of thrombus formation including pulmonary
embolism. This could explain the deterioration of the illness
with sharp decrease of blood oxygen saturation in patients
with COVID-19 in clinic. These results suggest that obesity
patients with COVID-19 suffered more severe tissue
damage and excessive immune responses. Thus obesity will
affect the course of the disease and be associated with the
prognosis of COVID-19 [10-12].

In summary, obesity contributes to clinical manifesta-
tions and may influence the progression and prognosis of
COVID-19, with an increased risk of severe complications
for subjects with obesity. Thereby, more attention needs to
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be paid to obesity patients in clinical treatment and later
clinical follow-up, especially for those with additional other
comorbidities. However, the exact mechanisms underlying
obesity-related changes in the course of COVID-19 are not
established yet, and needs to be resolved in the future.
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