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The importance of overweight in COVID-19

A retrospective analysis in a single center of Wuhan, China

Xinrui Rao, MD?, Chuangyan Wu, MD®, Sihua Wang, MDP, Song Tong, MD®, Geng Wang, MD°,
Gang Wu, MD?, Rui Zhou, MD?"

Abstract N
The aim of this study was to evaluate the association between overweight and severity, drug response, and clinical outcomes of novel |
coronavirus disease 2019 (COVID-19).

In this retrospective cohort study, we reviewed medical records of 240 COVID-19 patients admitted to Union Hospital in Wuhan,
China, between December 24, 2019, and March 25, 2020. Physical, clinical, laboratory, radiological characteristics, treatment, and
outcome data were abstracted. Patients who were obese [body mass index (BMI) >28kg/m?], underweight (BMI < 18.5kg/m?),
under 18 years old, pregnant, or still in hospital were excluded. Disease severity was classified as moderate or severe pneumonia
based on the World Health Organization interim guidance. Overweight was defined as BMI >24 kg/m? and <28 kg/m?. Patients were
followed for discharge or death through April 10, 2020. We used logistic regression models to identify risk factors for severe disease,
Cox proportional hazard models to explore associations between medications and patient outcomes (discharge or in-hospital death),
and Kaplan—Meier survival curves and Cox regression models to evaluate risk factors for in-hospital death.

One-half of patients (120, 50.0%) had severe pneumonia, while nearly one-half (114, 47.5%) were overweight. Among patients
over 45 years old, overweight patients had significantly lower rates of fatigue, higher rates of headache, and higher median C-reactive
protein levels. Patients under 45 years old had higher rates of cough and myalgia and higher proportions of increased alanine
aminotransferase and lactic dehydrogenase, as well as more pulmonary lobes involved in the pneumonia revealed by chest
computed tomography scans. Overweight patients were at higher risk of developing severe pneumonia. Although weight was not a
risk factor for in-hospital death, overweight patients showed different responses to medications compared with normal weight
patients. Intravenous interferon-a, intravenous glucocorticoids, and antifungal drugs were associated with reduced mortality in
overweight patients. Intravenous immunoglobulin, oseltamivir, and ribavirin were associated with reduced mortality in normal weight
patients.

Overweight is a worldwide health problem. We found overweight to be related to the COVID-19 severity but not to in-hospital
death. Clinicians should be aware that overweight COVID-19 patients require increased attention for different clinical features and
treatment response.

Abbreviations: ALT = alanine aminotransferase, APTT = activated partial thromboplastin time, AST = aspartate
aminotransferase, BMI = body mass index, BUN = blood urea nitrogen, Cl = confidence interval, COVID-19 = coronavirus
disease 2019, CRP = C-reactive protein, CT = computed tomography, ECMO = extracorporeal membrane oxygenation, ESR =
erythrocyte sedimentation rate, GFR = glomerular filtration rate, HR = hazard ratio, ICU = intensive care unit, IQR = interquartile
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range, LDH = lactic dehydrogenase, LPV = lopinavir, NIH = National Institute of Health, OR = odds ratio, PT = prothrombin time, RTV\
= ritonavir, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, WHO = World Health Organization. \
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1. Introduction

The year 2020 has seen novel coronavirus disease 2019 (COVID-
19) spread rapidly worldwide. As of August 9, 2020, the COVID-
19 pandemic has registered 19,714,788 cases worldwide with
numbers increasing by 30,000 each day. Over 724,856 people are
known to have died, and countless medical resources have been
expended in control and treatment. Recognition of risk factors
for severe COVID-19-related pneumonia, as well as predictive
factors of treatment response, is of vital importance for the
appropriate treatment and effective allocation of medical
resources. However, definitive clinical trial data identifying safe
and effective treatments for COVID-19 are not yet available.

Excess weight is one of the major chronic diseases that endanger
human health. The global prevalence of obesity has increased
substantially over the past 40 years—from less than 1% to 6% to
8% among minors, from 3% to 11% among men, and from 6% to
15% among women.'!! As a major risk factor for noncommuni-
cable diseases, obesity is associated with a decreased life expectancy
of an estimated 5 to 20 years, depending on the severity of the
condition and comorbid disorders.””! Overweight and obesity are
present in one-fifth of intensive care unit (ICU) patients and are also
associated with increased mortality and morbidity from infectious
diseases.*! Of note, obesity has been shown to have affected
the disease course and increased mortality rates in the influenza
HIN1 pandemic!®”! and has been associated with impaired
immune response to influenza vaccination in humans.'®!

Recent studies have linked obesity to COVID-19. One study
reported that obesity in patients younger than 60 years is a risk
factor for COVID-19-related hospital admission.””! Another
study showed a high frequency of obesity among patients
admitted to intensive care for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).11% Among over 5000 patients with
COVID-19 at an academic health system in New York City,
obesity was an independent risk factor for hospitalization.!*!!

In China, overweight is more prevalent than obesity and is
present in over 30% of the adult population,!'? and rates are
continuing to rise. However, although it is generally accepted that
comorbidities such as diabetes mellitus and cardiovascular
disease are associated with the severity of COVID-19,!!314
overweight and obesity—main risk factors for these comorbid-
ities!'*'®—have not been studied in detail. It is also unclear if
there is an independent impact of overweight on the clinical
course and prognosis of the disease. Finally, an area particularly
deficient in information is the relationship between excess weight
and treatment efficacy. In this study, we analyzed clinical details
of COVID-19 patients admitted to Union Hospital in Wuhan,
China, the earliest hospital to treat COVID-19 patients with
severe pneumonia, and to assess the role that overweight plays in
the clinical course and prognosis of COVID-19.

2. Methods

2.1. Patients

For this retrospective cohort study, we reviewed the electronic
medical records of 283 COVID-19 patients admitted to the

infectious disease ward of the Union Hospital, Tongji Medical
College, Huazhong University of Science and Technology from
December 24, 2019, to March 25, 2020. Eligible patients had
been diagnosed with COVID-19 upon hospital admission:
throat-swab samples positive for SARS-CoV-2 RNA accompa-
nied by related symptoms such as fever, cough, shortness of
breath, or difficulty breathing. Patients were discharged from the
hospital after an absence of fever for at least 3 days, substantial
improvement in both lungs based on a computed tomography
(CT) scan of the chest, clinical remission of respiratory
symptoms, and 2 negative throat-swab samples obtained at
least 24 hours apart. Clinical outcomes (discharge or death) were
recorded through April 10, 2020. Patients who were under 18
years old, pregnant, or still in hospital were excluded. Obese
patients [body mass index (BMI) >28kg/m?*] and underweight
patients (BMI< 18.5kg/m?) were also excluded because the
number was too small to analyze.

2.2. Data collection

We reviewed clinical charts, nursing records, laboratory findings,
and chest CT scans for all eligible patients. Data on patients’
symptoms and physical status were abstracted from their hospital
admission records; blood tests and CT scan results were
abstracted for the first result after admission. Two researchers
independently reviewed the data collection forms to double-
check the quality of data abstraction.

2.3. Variable definitions

Using the clinical information in the patients’ records, patients
were divided into severe and moderate disease status according to
the WHO interim guidance (May 2020),1'"”! which assesses
clinical signs of pneumonia. Using the WHO guidelines, weight at
hospital admission was categorized by BMI as normal weight
(18.5-23.9kg/m?) and overweight (24.0-27.9 kg/m?).[*8! Fever
was defined as an axillary temperature higher than 37.3°C.
Lymphopenia was defined by a lymphocyte count <1.0 x 10°/L.
Smoking history was defined as having smoked more than one
cigarette per day over the past 6 months. Alcohol intake was
defined as drinking alcohol 4 or more times in a week, with more
than 1 ounce of spirits (9 g of pure alcohol) each time. Respiratory
supportive treatment included oxygen inhalation, noninvasive
ventilation, invasive mechanical ventilation, and extracorporeal
membrane oxygenation (ECMO).

2.4. Statistical analysis

All statistical analyses were conducted using the SPSS statistical
software, version 23.0 (IBM Corp., Armonk, NY). To better
present the extremum of time information, data were expressed
as median (range) if they were time information or median
(interquartile range, IQR) if they were not for continuous
variables, and count (percentage) for categorical variables.
Categorical variables between groups were compared using the
x> test or Fisher exact test, and continuous variables were
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analyzed using the Student ¢ test, analysis of variance (ANOVA),
or Mann—Whitney U test, as appropriate. A P value <.05 was
considered statistically significant.

We used univariate and multivariable logistic regression
models to explore risk factors associated with disease severity,
with moderate disease being the reference level. Nine variables
were chosen for multivariable logistic regression analysis
adjusted for smoking and drinking status based on their
significance in the univariate regression analysis and clinical
constraints. We excluded variables from the logistic regressions if
the number of events was too small (<3) to calculate odds ratios
(ORs). Kaplan—Meier survival curves were plotted to reveal the
association between severity and in-hospital death.

To better assess the age-specific clinical features of overweight
patients, analyses were stratified by age. The dividing age of 45
years was chosen based on the age distributions of our sample
(median age=48) and the WHO classification for the middle age
and the elderly.""”!

We further explored the association between medications and
patient outcomes (discharge or death) using the Cox proportional
hazards analysis. All models were adjusted for gender, age,
comorbidities, smoking and drinking status, disease severity, and
respiratory supportive treatment. All categories of medication
recorded in the patients’ records, including antiviral agents,
intravenous glucocorticoids, intravenous (standard) immunoglob-
ulin, antifungal drugs, and antibiotics, were included in the models.

Kaplan—Meier survival curves were plotted to explore the
association between weight and in-hospital death, with differ-
ences between the overweight and normal weight curves
compared using the log-rank test. Multivariable Cox regression
models were used to evaluate independent risk factors for death
during hospitalization. The variables included in these models
were chosen on the basis of previous findings and clinical
constraints. For example, comorbidities including cardiac
diseases and diabetes have been shown to correlate with poorer
prognosis of COVID-19,!'3*! and blood levels of d-dimer have
been found to be higher in fatal cases.”*°! We excluded variables
from the Cox regression analysis if the number of events (<3) was
too small to calculate hazard ratios.

3. Results

3.1. Patient characteristics

The final study population included 240 patients hospitalized
with confirmed COVID-19, 120 of whom (50.0%) had severe
pneumonia according to the WHO interim guidance (Fig. 1)./”!
The median (range) follow-up time was 13 (1-83) days. During
follow-up, a total of 25 patients (10.4%) died and 215 patients
(86.3%) were discharged (Table 1). The baseline characteristics
of all patients are presented in Table 1. Overall, the median age
was 48 (23-87) years; 129 (53.8%) of the patients were female.
The median BMI (IQR) was 23.9 (21.91-25.95) kg/m?. Of all
patients, 126 (52.5%) were normal weight and 114 (47.5%) were
overweight. The most common symptom at onset of illness was
fever [211 (90.6%)], followed by cough [124 (58.2%)] and
fatigue [101 (47.4%)]. Cardiovascular diseases [43 (17.9%)] and
diabetes [23 (9.6%)] were the most common comorbidities.

3.2. Factors associated with the severity of pneumonia

Patients with severe disease had significantly higher BMI levels
and were more likely to be overweight [73 (60.8%) vs 41
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126 Cases with normal weight (52.5%)

Figure 1. Flowchart of patient recruitment.

(34.2%), P<.001]. They were also more likely to show
symptoms such as shortness of breath and chest distress, and
to have higher rates of cardiovascular diseases and diabetes at
admission (Table 1).

The blood counts of patients with severe pneumonia showed
more severe lymphopenia than did those of patients with
moderate pneumonia. Lymphocyte counts were considerably
lower in the severe group, while C-reactive protein (CRP) levels
(CRP) and erythrocyte sedimentation rates (ESRs) were signifi-
cantly higher in the severe group (Table 1).

CT scans showed high levels of multiple mottling and ground-
glass opacity in all patients; the difference by disease status was
not significant. However, patients with severe pneumonia had
greater involvement of the pulmonary lobes and a higher
incidence of pleural effusion (Table 1).

A higher proportion of patients with severe pneumonia received
glucocorticoid and antifungal drug treatment compared with
patients with moderate pneumonia. Furthermore, the usage rate of
combined antiviral, antibiotic, and antifungal treatments was
significantly higher in the severe group (Table 1), likely reflecting
more serious symptoms and coinfections accompanying severe
disease. The mortality rate was higher among patients with severe
pneumonia compared with patients with moderate pneumonia as
shown in Table 1 and the Kaplan—-Meier survival curves in
Supplementary Figure 1, http:/links.lww.com/MD/F39.

3.3. Associations of overweight with severity of
pneumonia

Figure 2 shows univariate and multivariable logistic regression
results for the risk of severe pneumonia. We found that overweight
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Overall clinical characteristics of 240 patients with COVID-19.
Patients, No. (%)
Characteristics All (n=240) Moderate (n=120) Severe (n=120) P
Age, median (range), yr 48 (23-87) 40 (24-74) 57 (23-87) <.001°
Female 129 (53.8) 73 (60.8) 56 (46.7) 0197
BMI, median (IQR), kg/m? 23.87 (21.91-25.95) 23.08 (21.34-25.16) 24.65 (22.61-26.74) < .001°
Normal weight 126 (52.5) 79 (65.8) 47 (39.2) < .001%
Overweight 114 (47.5) 41 (34.2) 73 (60.8)
Signs and symptoms at admission
Fever 211 (90.6) 107 (89.2) 104 (92.0) 454
Temperature, median (IQR), °C 38.5 (38.0-39.0) 38.4 (37.8-38.9) 38.8 (38.3-39.0) < .001%
Chill 46 (21.6) 27 (24.1) 19 (18.8) 348
Cough 124 (58.2) 61 (54.5) 63 (62.4) 242
Sputum production 69 (32.4) 36 (32.1) 34 (32.7) 934
Shortness of breath 49 (23.0) 16 (14.3) 33 (32.7) .001%
Rhinorrhea 3(1.4) 327 0(0.0) .098
Sore throat 27 (12.7) 20 (17.9) 7 (6.9) 0177
Fatigue 101 (47.4) 54 (48.2) 47 (46.5) .806
Myalgia 60 (28.2) 37 (33.0) 23 (22.8) .096
Chest distress 47 (22.2) 17 (15.3) 30 (29.7) 0127
Chest pain 16 (7.5) 7 (6.3) 9 (8.9 A73
Headache 34 (16.1) 15 (13.5) 19 (19.0) .356
Diarrhea 18 (8.5) 11 (9.9 7 (7.0) 450
Nausea 12 (6.3) 3(2.9) 9 (10.3) 034"
Comorbidity
Cardiovascular diseases 43 (17.9) 10 (8.3) 33 (27.5) < .001*
Diabetes 23 (9.6) 5(4.2) 18 (15.0) .004*
Chronic pulmonary disease 3(1.3 3 (2.5 0 (0.0 .084
Chronic renal disease 4(1.7) 2(1.7) 2(1.7) .987
Autoimmune disease 2 (0.8 0 (0.0) 2(1.7) 156
Cancer 17 (7.1) 6 (5.0) 1192 208
History
Smoking 14 (5.9 54.2) 9 (7.5 A72
Alcohol 938 1(0.8) 8 (6.7 .057
Postoperation 19 (7.9 10 (8.4) 9(7 811
Laboratory findings at admission, median (IQR)
White blood cell, x 10%/L 4.52 (3.40-6.38) 4.15 (3.38-5.56) 5.01 (3.43-6.91) .367
< 35x10%L 66 (28.3) 35(29.2) 31 (27.4) 769
Neutrophil percentage (%) 66.8 (54.5-78.1) 61.7 (51.6-71.4) 73.9 (60.9-83.8) < .001%
Lymphocyte, x10%L 0.97 (0.70-1.42) 1.17 (0.89-1.56) 0.80 (0.60-1.10) .009*
<1.0x10%L 120 (51.5) 43 (35.8) 77 (68.1) < .001°
Lymphocyte percentage (%) 22.4 (13.8-32.6) 28.9 (20.0-35.9) 16.2 (10.1-26.6) < .001°
<20% 99 (42.5) 28 (23.3) 71 (62.8) < .001°
Platelets, x10%/L 174 (137-229) 175 (135-213) 171 (139-241) 227
< 100 x 10%L 11 (4.6) 4 3.3 7 (6.2 303
Hemoglobin, g/L 128 (118-141) 130 (121-142) 127 (116-139) 0377
CRP, mg/L 31.20 (10.70-71.55) 13.2 (6.78-29.60) 58.73 (27.05-94.08) < .001°
Procalcitonin, pg/L 0.20 (0.14-0.34) 0.18 (0.14-0.22) 0.22 (0.15-0.47) 673
>0.5 ng/L 12 (18.8) 2 (9.9) 10 (23.8) 152
ESR, mm/h 26.0 (10.3-49.0) 14.0 (7.0-29.5) 40.0 (22.0-72.0) < .001%
>20mm/h 110 (67.3) 36 (37.1) 74 (77.9) < .001°
ALT, UL 26.0 (18.0-41.0) 23.0 (15.0-37.0) 31.0 (22.0-45.5) .051
> 40U/L 59 (25.4) 24 (20.2) 35 (31.0) .059
AST, UL 28.0 (22.0-43.0) 24.0 (19.0-33.0) 36.0 (25.5-49.5) < .001%
> 40U/L 67 (28.9) 21 (17.6) 46 (40.7) <.001°
LDH, U/L 247.0 (195.0-376.5) 204.0 (176.0-262.0) 350.0 (247.8-455.5) < .001°
> 245U/L 101 (61.3) 31 (29.0) 70 (77.8) < .001°
PT, s 13.1 (12.6-13.7) 12.9 (12.6-13.5) 13.2 (12.7-14.2) 0347
> 165 8 (3.3 2(1.7) 6 (5.0) 116
APTT, s 38.6 (36.1-42.0) 38.6 (36.1-42.0) 38.5 (36.2—42.0) 224
D-dimer, mg/L 0.52 (0.25-1.07) 0.33 (0.22-0.66) 0.90 (0.43-1.50) .007*
> 0.5mg/L 108 (51.9) 37 (33.3) 71 (73.2) < .001%
Creatinine, wmol/L 68.30 (58.50-78.55) 67.60 (59.70-78.30) 69.45 (57.25-78.68) 521
> 133 wmol/L 4 (1.7) 1(0.9) 3(2.6) 293
(continued)
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(continued).

Patients, No. (%)

Characteristics All (n=240) Moderate (n=120) Severe (n=120) P
BUN, mmol/L 3.80 (2.97-4.85) 3.64 (2.93-4.42) 3.93 (3.20-5.39) .001*
GFR, mL/min 99.30 (85.36-109.96) 102.53 (91.56-112.67) 96.25 (80.32-108.28) .005*

Chest radiography and computed tomography findings, median (IQR)

Pneumonia
Unilateral 58 (25.2) 47 (40.2) 11 (9.7) < .001%
Bilateral 172 (711.7) 70 (59.8) 102 (90.3)
Number of lobes involved 3 (1-5) 2 (1-4) 5 (3-5) < .001¢
Pleural effusion 28 (12.2) 4 (3.4 24 (21.6) < .001¢
Imaging features
Solid opacity 16 (6.9 4 (3.4) 12 (10.6) .087
Multiple mottling and ground-glass opacity 207 (89.6) 108 (91.5) 99 (87.6

Treatment and clinical outcome
Time from symptom onset to admission, median (range), d 7 (1-41) 7 (1-24) 7 (1-41) 448
Time of hospitalization, median (range), d 3 (1-83) 14 (1-41) 11 (1-83) .632

Treatment, median (range), d
Oxygen inhalation 184 (80.0) 79 (66.9) 105 (93.8) < .001%
Noninvasive ventilation 27 (11.8) 0 (0.0 27 (24.3) < .001¢
Invasive mechanical ventilation 8 (3.5 0 (0.0) 8 (7.2 .003*
ECMO 1(0.49) 0 (0.0) 1(0.8) .331
Glucocorticoids 51 (22.8) 17 (14.9) 34 (30.9) .004*

Number of days 3.5 (1-12) 7 5 (1-11) 3 (1-12 035"
Intravenous immunoglobulin therapy 66 (28.0) 28 (32.2) 28 (23.7) 147
Number of days 4 (1-12) 4 (1-12) 4 (1-9 209
Antiviral treatment 228 (95.8) 115 (95.8) 113 (95.8) 978
Number of days 8 (1-31) 0 (1-27) 6 (1-31) < .001¢
Antibiotic treatment 230 (97.5) 115 (96.6) 115 (98.3) 420
Number of days 7 (1-25) 8 (1-25) 6 (1-22) .004*
Antifungal treatment 53 (23.9) 17 (14.2) 36 (33.0) .002*
Number of days 6 (1-24) 6 (2-10) 6 (1-24) .561
Triple therapy 52 (21.7) 16 (13.3) 36 (30.0) .002*

Clinical outcome
Discharged 215 (86.3) 118 (98.3) 97 (80.8) < .001°
Died 25 (10.4) 2(1.7) 23 (19.2)

Data were expressed as median (interquartile range, IQR) or median (range) for continuous variables and count (percentage) for categorical variables. Categorical variables between groups were compared using
the X2 test or Fisher exact test, and continuous variables were analyzed using the Student ¢ test, ANOVA, or Mann—Whitney U test, as appropriate. Triple therapy represented the drug combination of antiviral

treatment, antibiotic treatment and antifungal treatment.

ALT =alanine aminotransferase, APTT =activated partial thromboplastin time, AST = aspartate aminotransferase, BUN=blood urea nitrogen, COVID-19 = coronavirus disease 2019, CRP = C-reactive protein,

ECMO =extracorporeal membrane oxygenation, ESR =erythrocyte sedimentation rate, GFR= glomerular filtration rate, IQR =interquartile range, LDH=

lactic dehydrogenase, PT=prothrombin time.

" P values indicate differences between patients with severe pneumonia and patients with moderate pneumonia. Boldface type indicates statistical significance.

T p<.05.
£p<.01.
§p<.001.

patients were more likely to develop severe pneumonia than were
normal-weight patients [73 (64.0%) vs 47 (37.3%), P <.001].
Male sex, cardiovascular diseases, and diabetes showed significant
positive associations with severe disease but were not independent
risk factors in the multivariable analysis model. Both the univariate
and multivariable logistic regression analysis indicated that older
age [OR, 95% confidence interval (95 % CI), multivariable: 1.017
(1.002-1.051), P=.049] and overweight [OR (95% CI), multi-
variable: 3.075 (1.187-7.965), P=.021] were independent risk
factors for severe pneumonia (Fig. 2).

3.4. Age-specific clinical features of overweight patients

As age has been shown to be an independent risk factor for the
severity of COVID-19 in the literature as well as in our regression
models, we examined our results stratified by age. Among
patients over 45 years of age, overweight patients were
significantly less likely to report feeling fatigue but were more

likely to develop severe pneumonia and to report headaches. For
patients under 45 years of age, higher rates of cough and myalgia
were reported (Table 2).

Laboratory findings indicated that among patients over 45
years of age, overweight patients had significantly higher median
CRP levels than did normal-weight patients (Table 2). Among
patients under 45 years of age, overweight patients showed
higher proportion of liver impairment [alanine aminotransferase
(ALT) >40U/L]. Elevated levels of lactic dehydrogenase (LDH >
245U/L) were also observed, probably related to the myalgia
reported by patients. More pulmonary lobes were involved in the
pneumonia as revealed by the chest CT scans among patients
under 45 years of age (Table 2).

3.5. Response to medical treatment by patient weight

Among all treatments, the proportion of antibiotic treatment was
the highest [230 (97.5%)], followed by antiviral therapy [228
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. Univariate Multivariable

Clinical Factors
OR(95% CI) P value OR(95% CI) P value

Overweight 2993(1.769-5064) <001~  3.075(1187-7.965) 021" - =
Age 1062(L041-1.084) <001 1.017(1.002-1.051) 049" p
Male 1.775(1.0632964) 028" 1103 (03222.360) .78 el
Comorbidity
Cardiovascular diseases 4172(1.9498934)  <01” " 3326(0.721-15336) .123 Jd -

. Ex — e =
Diabetes 4059 (1.455-11.324) 007 1753 (0.3259.467) 514 — —_—— -

Laboratory and CT findings at admission

Kk —— —
Lymphocyte 1917(6855364)  <.001 0.679(0251-1.837) 445 ——
e % p
CRP 1.030(1.020-1.041)  <.001 1.022 (1.005-1.039) 011
* ——
D-dimer 1.463 (1.077-1.988) 015 1.194(0.763-1.871) 438 —o— o
e Univariate
R s s g - - Multivariabl
Number of lobes involved 1.882(1.542-2297)  <.001 1.724 (1.249-2.381) 001 —e— =~ |o Mullivanable
. * %k [P —
Pleural effusion 7.931(2.655-23.696) <.001 3.326(0.721-15.336) .156 4 ——, —
1) LR 4 L AR 4 1
0 1 2 5 25

Figure 2. Logistic regression analysis for the risk of severe pneumonia. Adjusted for smoking and drinking status, odds ratio (95% confidence interval) are shown
for the risk factors associated with severe pneumonia. Boldface type indicates statistical significance. Cl = confidence interval; CRP = C-reactive protein; OR =
odds ratio. ‘P<.05, TP< .01, #P<.001.

Age-specific clinical features of overweight patients with COVID-19.

Patients, No. (%)

Age < 45 yr Age > 45 yr
Characteristics Overweight (n=39) Normal weight (n=66) P  Overweight (n=74) Normal weight (n=61) P
Severe rate 17 (43.6) 14 (21.2) .006" 55 (74.3) 34 (55.7) 023"
Female 14 (35.9) 44 (66.7) 001" 33 (44.6) 38 (62.3) 040"
Signs and symptoms at admission
Fever 34 (89.5) 60 (90.9) .864 64 (92.8) 52 (86.7) 252
Temperature, median (IQR), °C 38.5 (38.0-39.0) 38.5(38.0-39.00  .798 38 5 (38.2-39.0) 38.6 (37.9-39.0) .347
Chill 6 (16.7) 12 (18.2) 775 2 (20.0) 16 (26.2) 189
Cough 27 (75.0) 30 (45.5) .002° 3 (65.9) 34 (65.4) 310
Sputum production 9 (25.0) 20 (30.3) 812 1 (35.0) 19 (36.5) .865
Shortness of breath 5(13.9 12 (18.2) 927 0 (33.3) 12 (23.1) 231
Rhinorrhea 0 (0.0 3 (4.5 112 0 (0.0 0 (0.0
Sore throat 6 (16.7) 13 (19.7) 637 4(6.7) 4(7.7) 834
Fatigue 17 (47.2) 29 (43.9) 897 24 (40.7) 31 (59.6) 038"
Myalgia 16 (44.4) 14 (21.2) 021" 16 (27.1) 14 (26.9) .982
Chest distress 7(17.9 11 (16.7) 427 15 (25.4) 14 (26.9) .858
Chest pain 3 (8.3 4(6.1) 707 6 (10.2) 3 (5.9 397
Headache 5(14.3) 16 (24.2) 203 10 (17.2) 3(5.8) 048"
Diarrhea 2 (5.7) 5 (7.6) .686 5 (8.5 6 (11.5) .590
Nausea 1(3.0) 2 (3.4 .883 5(9.1) 4 (8.5) 918
Comorbidity
Cardiovascular diseases 3(7.7) 0 (0.0 025 24 (32.4) 16 (26.2) 432
Diabetes 1(2.6) 0 (0.0) .200 14 (18.9) 8 (13.1) .363
Chronic pulmonary disease 0 (0.0 1(1.5 427 0 (0.0 2 (3.3 124
Chronic renal disease 0 (0.0 0 (0.0 .920 2.7 2 (3.3 .844
Autoimmune disease 0 (0.0 0(0.0) 1(1.4) 1(1.6) .890
Cancer 3(7.7) 2 (3.0) .301 7 (9.5 5(8.2) .798
History
Smoking 2 (5.1) 0(0.0) 149 7 (9.5 5(8.2) 413
(continued )
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(continued).

Patients, No. (%)

Age < 45 yr Age > 45 yr
Characteristics Overweight (n=39) Normal weight (n=66) P  Overweight (1=74) Normal weight (n=61) P
Alcohol 0 (0.0) 0 (0.0) 744 5(6.8) 4 (6.6) 511
Post operation 2 (6.3 3 (4.5 .906 8 (10.9) 6 (10.0) 879
Laboratory findings at admission, median (IQR)
White blood cell, x10%/L 5.06 (3.46-6.03) 3.97 (3.23-5.09) 267 4.83 (3.56-6.89) 443 (3.41-6.52)  .969
< 35x10%L 10 (26.3) 22 (33.8) 353 17 (23.6) 17 (29.3) 462
Neutrophil percentage (%) 62.95 (54.40-76.18)  57.70 (48.95-71.75) .043° 71.81 (58.85-82.35)  69.70 (60.88-79.63) .561
Lymphocyte, x10%L 1.17 (0.90-1.62) 1.15 (0.89-1.61) .055 0. 80 (0.62-1.15) 0. 92 (0.61-1.34) 758
<1.0x10%L 16 (42.1) 22 (33.8) 272 46 (63.9) 36 (62.1) .831
Lymphocyte percentage (%) 25.80 (17.18-36.65)  30.10 (20.90-37.10) 048" 16.35 (10.03-27.05)  20.55 (12.35-30.95) .413
< 20% 11 (28.9) 14 (21.5) .230 45 (62.5) 29 (50.0) 152
Platelets, x10%/L 158 (141-206) 177 (144-202) 540 187 (138-239) 174 (126-233) 639
< 100 x 10%/L 1(2.6) 3 (4.6) 588 4 (5.6) 3(6.2 923
Hemoglobin, g/L 139 (125-151) 128 (117-141) .006" 128 (117-138) 125 (116-136) 610
CRP, mg/L 12.90 (7.04-33.6) 13.60 (5.48-32.62) 672  54.11 (22.23-97.93)  49.70 (18.10-73.00) .048"
Procalcitonin, pg/L 020 (0.17-0.22) 0.19 (0.14-0.41) 500 0.19 (0.14-0.34) 0.21 (0.16-0.45)  .320
> 0.5pg/l 1(14.3) 3 (21.4) .694 4 (16.7) 4 (21.2) 714
ESR, mm/h 20.0 (8.0-35.5) 13 0 (7.0-30.0) A79 44.0 (21.0-74.0) 31.0 (19.5-56.5)  .053
> 20mm/h 15 (45.5) 21 (35.6) .233 39 (76.5) 35 (71.4) .566
ALT, UL 35.5 (19.8-48.5) 21.0 (13.5-30.00  .290 31.0 (23.0-46.0) 26.0 (18.8-37.8)  .342
> 40 UL 13 (34.2) 10 (15.4) 036 23 (32.4) 13 (22.4) 209
AST, UL 27.0 (22.8-42.5) 23.0 (17.0-29.00  .267 33.0 (25.0-47.0) 31 O (22.5-46.3) 988
> 40U/L 10 (26.3) 8 (12.3) .088 28 (39.4) 21 (36.2) 707
LDH, UL 236.0 (188.5-329.8)  199.0 (176.0-274.0) .164  291.0 (230.0-423.0) 317 (208.5-427.5) .651
> 245U/L 15 (44.1) 14 (25.5) 033" 39 (66.1) 33 (54.1) .891
PT, s 12.9 (12.6-13.5) 131 (12.7-13.5)  .937 13.2 (12.7-13.9) 132 (12.6-14.3) 587
>16s 2 (5.4) 0(0.0) .066 3 (4.5 3 (6.3 .854
APTT, s 38.0 (36.2-42.0) 38.7 (36.5-42.00  .805 38.4 (36.1-41.5) 39.3 (35.7-42.3)  .609
D-dimer, mg/L 0. 37 (0.22-0.64) 0. 27 (0.22-0.52)  .944 0.86 (0.49-1.38) 1.05 (0.33-1.70)  .149
> 0.5mg/L 2 (34.3) 6 (26.2) 487 45 (73.8) 35 (68.6) 548
Creatinine, pmol/L 72. 80 (62.05-78.15)  65. 30 (58.60-78.95) .433  71.15(60.93-81.88)  62.25 (54.23-77.68) 041"
> 133 pmol/L 0 (0.0) 0(0.0) .269 3(4.1) 1(1.6) 423
BUN, mmol/L 3.28 (2.74-4.17) 3.67 (2.99-4.30) 506 4.07 (3.21-5.20) 3.90 (2.88-5.10)  .832
GFR, mL/min 109.73 (97.59-118.11) 109.93 (99.16-116.91) .389  93.64 (77.61-100.71) ~ 93.2 (80.53-101.42).531
Chest radiography and computed tomography findings, median (IQR)
Pneumonia
Unilateral 11 (28.9) 24 (38.7) .370 13 (18.8) 10 (16.4) 169
Bilateral 27 (71.1) 38 (61.3) 56 (81.2) 51 (83.6)
Number of lobes involved 4 (2-5) 2 (1-3) .0017 5 (3-5) 4 (2-5) 314
Pleural effusion 4 (10.8) 2 (3.1) 130 14 (20.3) 8 (13.3) 295
Imaging features
Solid opacity 3(8.1) 6 (9.2) .370 6 (8.7) 1(1.7) 169
Multiple mottling and ground-glass opacity 34 (91.9) 56 (86.2) 60 (87.0) 57 (95.0)
Treatment and clinical outcome
Time from symptom onset to admission, median (range), d 7 (1-30) 7 (1-21) 717 (1-41) 7 (1-25) 318
Time of hospitalization, median (range), d 10 (1-46) 15 (1-83) 119 13 (1-62) 13 (1-82) 227
Treatment, median (range), d
Oxygen inhalation 30 (78.9) 42 (63.6) 079 62 (89.9) 50 (87.7) 704
Noninvasive ventilation 4 (10.8) 1(1.5) 041" 13 (18 8) 9 (15.9) 653
Invasive mechanical ventilation 127 0 (0.0 189 343 4(7.0) 515
ECMO 0(0.0) 0(0.0) 1(1.4) 0 (0.0) .361
Glucocorticoids 6 (15.8) 7 (10.9) 529 23 (33.8) 15 (27.8) A74
Number of days 3.0 (1-12) 6.5 (1-11) 591 4.5 (1-10) 4.0 (1-11) 979
Intravenous immunoglobulin therapy 10 (26.3) 19 (29.2) 658 16 (21.6) 21 (35.6) 074
Number of days 3.0 (1-H) 4.0 (1-9 102 4.0 (1-12) 4.0 (1-9 919
Antiviral treatment 36 (94.7) 65 (98.5) 290 71(97.3) 56 (91.8) 157
Number of days 9.0 (1-27) 10.0 (1-26) 183 7.0 (1-25) 7.0 (1-31) 210
Antibiotic treatment 37 (97.4) 65 (98.5) 712 70 (95.9) 58 (98.3) A1
Number of days 7.0 (1-20) 7.5 (1-23) 103 7.0 (1-17) 7.0 (1-25) 525
Antifungal treatment 5(13.5) 58.2) 146 28 (42.4) 15 (27.3) .083
(continued)
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Table 2
(continued).
Patients, No. (%)
Age < 45 yr Age > 45 yr
Characteristics Overweight (n=39) Normal weight (n=66) P  Overweight (n=74) Normal weight (n=61) P
Number of days 6.0 (1-10) 4.5 (4-8) 875 6.0 (1-17) 7.0 (1-24) .530

Triple therapy 5(12.8) 5 (7.6) 134 28 (37.8) 14 (23.0) .063
Clinical outcome

Discharged 38 (97.4) 65 (98.5) 546 61 (82.4) 51 (83.6) .964

Died 1(2.6) 1(1.5 13 (17.6) 10 (16.4)

Data were expressed as median (interquartile range, IQR) or median (range) for continuous variables and count (percentage) for categorical variables. Categorical variables between groups were compared using
the x test or Fisher exact test, and continuous variables were analyzed using the Student £ test, ANOVA or Mann-Whitney U test, as appropriate. Triple therapy represented the drug combination of antiviral

treatment, antibiotic treatment and antifungal treatment.

ALT =alanine aminotransferase, APTT = activated partial thromboplastin time, AST = aspartate aminotransferase, BUN=blood urea nitrogen, COVID-19 = coronavirus disease 2019, CRP = C-reactive protein,
ECMO = extracorporeal membrane oxygenation, ESR = erythrocyte sedimentation rate, GFR =glomerular filtration rate, IQR = interquartile range, LDH=lactic dehydrogenase, PT = prothrombin time. P values

ipdicate differences between the groups. Boldface type indicates statistical significance.
P<.05.

Tp<.01.
(95.8%)] and intravenous immunoglobulin therapy [66
(28.0%)] (Tables 1 and 2). There were no significant

differences in the administration of medications between the
overweight and normal-weight patients. When stratified by age,
we found that overweight patients under 45 years of age were
more likely to have received noninvasive ventilation, which may
be due to their disease having progressed to the severe level
(Table 2).

We used Cox proportional hazard models to explore the
independent associations of medications with outcomes for
overweight patients and normal-weight patients (Fig. 3). Intra-
venous glucocorticoids [hazard ratio (HR) (95% CI), 0.006
(0.000-0.154), P=.002] and antifungal drugs [HR (95% CI),
0.053 (0.003-0.869), P=.040] were associated with reduced
mortality. Among the antiviral agents, intravenous interferon-a
[HR (95% CI), 0.003 (0.000-0.101), P=.002] and ribavirin [HR
(95% CI), 0.009 (0.000-0.305), P=.009] were associated with
reduced mortality. In the normal-weight group, intravenous

immunoglobulin [HR (95% CI), 0.001 (0.000-0.293), P=.02],
oseltamivir [HR (95% CI), 0.005 (0.000-0.866), P=.04], and
ribavirin [HR (95% CI), 0.005 (0.003-0.866), P=.02] were
related to reduced mortality. These results suggest differences in

drug response between overweight and normal-weight patients
(Fig. 3).

3.6. Overweight as a risk factor for in-hospital death

As our data found that overweight was an independent risk factor
for the severity level of COVID-19, we hypothesized that
overweight would also be associated with prognosis. However,
survival curves did not show significant differences in outcomes
between the two groups (Fig. 4A and B). Furthermore, the Cox
proportional hazards analysis did not find overweight to be a
significant risk factor for mortality, based either on duration from
symptom onset to time of death or from hospital admission to
time of death (Fig. 5).

Medicati Overweight Normal weight All
edications
HR 95% CI) Pvalue  HR (95%CI) Pvalue  HR(95%CI) P value
Antiviral agents
L]
Interferon- a 0.003 (0.000-0.101) .001" " 0.003(0.000-51.820) .748 0.020 (0.0020.183) <.001" " — —
[ J
Ribavirin 0.009 (0.000-0.305) 009" 0.005(0.003-0.866) .020" 0.149 (0.035-0.630) 010" —
ol
Ganciclovir 0.199(0.0103.941) 289 0.287(0.089-79.577) 573 0.212 (0.056-0.806) .023" - —_
1l
Arbidol 0.093 (0.007-1343) 081 0.164 (0.000-802.729) 921 0836(0.1783922) 82 —
Oseltamivir 1.170(0.155-8.831) 879 0.005 (0.000-0.866) 044" 1756 (041574200 444 —
-l
4o —
Peramivir 1.617(0.073-35.667) 761 7,087 (0.014-364.518) 539 0.259(0.049-1353) .10 4 —
L]
Glucocorticoids  0.006 (0.000-0.154) .002°°  0.000(0.000-3352) .14 0251(0.074-0851) 026" —
Immunoglobulin ~ 3453(0.281-42356) 333 0.001 (0.000-0.293) 023" 0.276 (0.048-1.589) .018" . ®  Overweight
-~ ®  Normal weight
— o All
Antifungal drugs ~ 0.053 (0.003-0.869) 040" 2,657 (0.089-719.577) 573 0.308(0.092-1.030) 056 ——
r T T 7 A T
0123 47 8 800

Figure 3. Multivariable Cox proportional hazards analysis for the association between medications and patient outcomes. Adjusted for gender, age, comorbidities,
smoking and drinking status, disease severity, and respiratory supportive treatment. Boldface type indicates statistical significance. Cl = confidence interval; HR =

hazard ratio. 'P< .05, TP<.01, *P<.001.
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Figure 4. Survival analysis of mortality during hospitalization by patient weight.
Kaplan—-Meier survival curves for mortality during the time from symptom onset
(A) and admission (B).

4. Discussion

To our knowledge, this is the first report of weight-specific data of
COVID-19 patients. Despite a higher proportion of severe
disease, we did not find significant differences in outcomes
(discharge or death) between overweight and normal weight
patients. There were, however, statistically significant differences
by patient weight for symptoms, laboratory results and chest CT
scans at hospital admission, severity of pneumonia, and
treatment response. First, we found overweight to be an
independent risk factor for severity of COVID-19. People with
excess weight are more likely to have comorbidities, including
metabolic diseases, cardiovascular diseases, and some types of
cancer.”! However, after adjustment for comorbidities and other
cofounding factors, overweight continued to show a significant

www.md-journal.com

relationship with the increased risk of severe illness. More studies
are needed to further explore how excess weight affects the
progression of the disease independently from comorbid
conditions. Second, overweight patients were more likely to
report symptoms of headache and myalgia than were normal
weight patients. Their laboratory findings presented lower
percentages of lymphocytes and higher inflammatory biomarkers
(e.g., CRP), which have been considered as indicators of
severity.l*!! Similar to previous reports, we also found that
overweight COVID-19 patients showed higher levels of ALT,
implying liver impairment. However, impairment of liver
function does not appear to be a prominent feature of
COVID-19 and may not have serious clinical consequences.*?!
Third, CT results of overweight patients under 45 years of age
revealed greater involvement of pulmonary lobes, which has
also been reported to be an indicator of severe SARS-CoV-2
pneumonia.*?!

Over the past decades, studies have examined the role of
inflammation in the connection between obesity and chronic
diseases.**"! The inflammatory response triggered by obesity
involves many components of the classical inflammatory
response to pathogens and includes systemic increases in
circulating inflammatory cytokines and acute phase proteins
(e.g., CRP), recruitment of leukocytes to inflamed tissues,
activation of tissue leukocytes, and generation of reparative
tissue responses.””*! In this regard, low-grade inflammation may
be involved in the progression of the COVID-19 in overweight
and obese patients.

We also explored the association between medication type and
outcomes by patient weight, finding that overweight and normal-
weight patients presented different responses to the various
treatments. Ribavirin, a guanosine analogue, is an antiviral
compound used to treat several virus infections, including
respiratory syncytial virus, hepatitis C virus, and some viral
hemorrhagic fevers'®); we found a relationship with lower
mortality in both normal-weight and overweight patients. A
molecular modeling study reported that ribavirin targets SARS-
CoV-2 RNA-dependent RNA polymerase (RARp).*®! Although
the efficacy of ribavirin in COVID-19 remains controversial, it
was widely used in the early stages of the outbreak due to its
availability and low cost. A phase 2 trial on COVID-19
treatments at the University of Hong Kong has shown that the
triple combination of interferon beta-1b, lopinavir-ritonavir, and
ribavirin reduced the median time from the start of the study
treatment to a negative nasopharyngeal swab."*”! Multiple trials
are still underway to evaluate the specific role of ribavirin in the
treatment of COVID-19.

Interferon-a, a broad-spectrum antiviral agent that interacts
with toll-like receptors and which inhibits viral replication, was
negatively correlated with the mortality of overweight patients in
our study. A current clinical trial (ChiCTR2000029387) is
evaluating its efficacy and safety when used in combination with
ribavirin, lopinavir/ritonavir (LPV/RTV), or ribavirin as well as
LPV/RTV for SARS-CoV-2 infection.*®! Respiratory failure
caused by severe cytokine and chemokine storms has been
reported to be associated with mortality in COVID-19.*!
Glucocorticoids are important in modulating the immune system
when it is in a hyperinflammatory state. Our results suggest that
the use of glucocorticoids in overweight patients is associated
with favorable outcomes. The underlying mechanism may
involve the control of immunopathological lung damage in
severe pneumonia.
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Figure 5. Multivariable Cox proportional hazards analysis for the risk of mortality. Hazard ratio (95% confidence interval) are shown for the risk factors associated
with in-hospital death. Cl = confidence interval; HR = hazard ratio. Boldface type indicates statistical significance. P <.05, 'P<.01, *P<.001.

Intravenous immunoglobulin, another agent that can interrupt
the storm of inflammatory cytokines, showed negative associ-
ations with mortality in normal-weight patients. Studies have
shown their efficacy in the treatment of patients with severe
inflammatory complaints related to SARS-CoV-2 infections.*!
Although no consensus has been reached on the use of
glucocorticoids and intravenous immunoglobulins due to possi-
ble adverse interactions, they are both effective in managing
manifestations of severe inflammatory disorders such as high
fever and respiratory failure caused by pneumonia. Thus, careful
use of these medications, with attention to timing, may be
beneficial. We further found that antifungal drugs were
negatively related to mortality in overweight patients. Although
there is no evidence supporting the efficacy of antifungal drugs on
the SARS-CoV-2 virus, the use of these drugs was mainly based
on coinfections. The observed relationship to improved outcomes
of overweight patients may thus be due to their impact on fungal
infections, reducing the severity of pneumonia.

As our data were collected during the early stages of the
COVID-19 outbreak, treatment methods observed in our study
differed from current practices around the world. For example,
the lower usage of mechanical ventilation and the higher usage of
antibiotics were observed in our study, which may be due to
shortages of medical drugs and equipment and a lack of
knowledge of the disease at that time. The type and dose of
medications used relied mainly on doctors’ experiences with viral
pneumonia. For instance, we found a higher usage of the antiviral
agent oseltamivir, which was likely related to the overlap of the
early COVID-19 outbreak with the peak influenza season.
However, as more evidence emerges, significant changes have
taken place in the COVID-19 treatment. A randomized
controlled trial suggested that remdesivir significantly reduced
time to recovery compared with placebo,’®!! and it has been
approved by the Food and Drug Administration for emergency
use with COVID-19. However, although widely used in the past
as antivirals, current COVID-19 treatment guidelines from
National Institute of Health (NIH) do not recommend the use of

10

chloroquine or hydroxychloroquine to treat COVID-19 other
than in clinical trials.®*! A large, retrospective, observational
study evaluating the use of hydroxychloroquine has shown no
evidence of benefit in patients with COVID-19.13 Currently,
there are over 450 ongoing registered clinical trials investigating
the efficacy of new antiviral drugs, immune-based therapies, and
vaccines.?* This research is likely to provide important evidence
for COVID-19 treatments in the near future.

Studies to date have partially described the link between
obesity and COVID-19. This is the first comprehensive analysis,
including clinical data and follow-up, of the impact of overweight
in the progression of COVID-19. However, there are limitations
to our study. First, it is a descriptive study from a single center
early in the early pandemic with a relatively small sample size.
Second, all predictive data were collected on the time of hospital
admission, and it was not possible to monitor the changes in the
clinical parameters. Additional, comprehensive, prospective,
clinical and pathological studies are needed.

5. Conclusion

Our study found that patient weight was significantly associated
with the efficacy of COVID-19 treatment. Given the status of
overweight and obesity as a global health problem, our results
have important implications for clinicians on the progression of
COVID-19 and for appropriate treatment. As the pandemic
continues, overweight patients will require increased attention
based on their different clinical features and, importantly,
differential responses to treatment. Worldwide, increased
emphasis on weight management is also an important strategy
to reduce the impact of COVID-19.
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