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Abstract
Background: Resistin increases in septic subjects and is associated with severity and prognosis. Its role
in Coronavirus disease 2019 (COVID-19) is unknown. We investigated relationships between resistin and
the severity, prognosis and time to wean off mechanical ventilation (MV) in two cohorts.

Methods: Plasma resistin was available for 306 mild-to-critical COVID-19 patients on days 1, 4 and 8
from the Massachusetts General Hospital Emergency Department COVID-19 (MGH) cohort public
proteomics data. The relationship between resistin and severity (World Health Organization COVID-19
outcomes) and the prognosis were evaluated. A cohort of 62 critical COVID-19 patients (Osaka cohort)
was used to evaluate the relationship between resistin on days 1 (day of ICU admission), 2–3, 6–8 and
11–15 and the prognosis and time to wean off MV. Correlations among resistin, in�ammatory cytokines
and endothelial damage markers were evaluated.

Results: In the MGH cohort, day 1 resistin was associated with severity and predicted the prognosis in an
ROC analysis (AUC, 0.739; 95% CI, 0.659–0.819). Twenty-eight-day non-survivors showed signi�cantly
greater resistin levels than 28-day survivors on days 1, 4 and 8. In the Osaka cohort, a Cox proportional
hazards model (time dependent) showed a signi�cant relationship between resistin and time to wean off
MV (crude hazard ratio, 0.702 [95% CI, 0.508–0.969]). Resistin formed a network with in�ammatory
cytokines and endothelial damage markers.

Conclusions: Resistin was associated with severity, prognosis and time to wean off MV in COVID-19
patients. Resistin formed a network with in�ammatory cytokines and endothelial damage markers,
suggesting its contribution to the pathogenesis of COVID-19.

Background
Coronavirus disease 2019 (COVID-19) is a new viral disease caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), an enveloped RNA beta coronavirus. COVID-19 was �rst reported in
China [1] in December 2019 and rapidly spread globally, infecting over 180,000,000 and causing over
3,800,000 deaths as of June 25, 2021 [2]. The majority of infected individuals exhibit no or mild to
moderate symptoms. However, approximately 5–20% of hospitalized subjects require treatment in an
intensive care unit (ICU) because of respiratory failure [3–5]. COVID-19 with respiratory failure requires
respiratory support, including invasive mechanical ventilation (MV). Hur et al. reported that 64.1% of
COVID-19 patients with MV were intubated >14 days [6]. Nearly 30% of COVID-19 patients with MV
needed a tracheostomy due to prolonged MV [7]. An observational study that evaluated 1,890 COVID-19
patients with tracheostomy in Spain revealed that the tracheostomy was performed a median of 12 days
after intubation and that 24% of these patients remained on MV support at one month after intubation [8].
Prolonged MV management can lead to long-term ICU occupation and the vast use of resources in the
ICU. As a result, it could reduce the number of beds that are available for other diseases that usually
require ICU management. In fact, an increase in mortality in patients with other diseases was reported
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during the COVID-19 pandemic [9, 10]. It is important to identify patients with prolonged MV management
in addition to those who are likely to die from COVID-19.

In 2001, resistin was �rst discovered in mice as a hormone released from adipocytes and was reported to
be associated with obesity and insulin resistance [11]. In humans, however, resistin seems to be mainly
secreted by macrophages rather than adipocytes [12]. Resistin levels are reported to be increased in
septic subjects and to be associated with severity and prognosis [13]. Another study reported that resistin
is involved in an in�ammatory cytokine network that includes interleukin (IL)-6, IL-8, IL-10 and monocyte
chemotactic protein (MCP-1) in the acute phase of sepsis and that this network is associated with the
severity and prognosis of sepsis [14].

The role of resistin in COVID-19 has remained unclear. Thus, this study aimed to evaluate the relationship
between resistin and severity, prognosis and time to wean off MV in COVID-19 patients using two
different cohorts.

Methods
Public proteomics data

The data used in the present study are publicly available from the Massachusetts General Hospital
Emergency Department COVID-19 Cohort (Filbin, Goldberg, Hacohen) with Olink Proteomics
(https://www.olink.com/mgh-covid-study/). We named this the MGH COVID-19 cohort. The patients in
this cohort were diagnosed as having mild-to-critical COVID-19 according to the de�nitions of the
National Institutes of Health COVID-19 Treatment Guidelines [15]: Mild: varied symptoms but no
shortness of breath, dyspnea or abnormal imaging; Severe: SpO2 <94%, PaO2/FiO2 <300, respiratory rate
>30 breaths/minute, or lung in�ltration >50%; and Critical: respiratory failure, septic shock and/or multi-
organ dysfunction. The present study was performed in an urban academic hospital in Boston from
March 2020 to April 2020. This observational study included 306 COVID-19 patients. The diagnosis
of COVID-19 was based on a positive SARS-CoV-2 RT-PCR result. The patients were classi�ed according
to their acuity levels (A1–A5) on days 1, 4, 8 and 29 (based on the World Health Organization ordinal
outcomes scale [16]: A1, dead; A2, intubated, survived; A3, hospitalized with oxygen; A4, hospitalized
without oxygen; A5, discharged). The following clinical data were collected: age, body mass index (BMI),
comorbidities, and maximal acuity (Acuitymax). Blood samples on day 1 were considered to be those
obtained when the initial clinical blood draw was performed in the Emergency Department. Samples were
obtained on days 4 and 8 if the patient remained in hospital.

Four panels of proteins (in�ammation, oncology, cardiometabolic and neurology proteins) were used to
evaluate 1,472 plasma proteins, including 1,463 unique proteins (Olink® Explore 1536). We assessed the
relationship between resistin, which was included in the 1,463 proteins, and the prognosis of COVID-19
patients. The Olink multiplex proximity extension assay is a dual-recognition immunoassay. In this assay,
two matched antibodies labeled with unique DNA oligonucleotides are used to bind the target proteins.

https://www.olink.com/mgh-covid-study/
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Upon binding, these oligonucleotides come into close proximity and hybridize. This is followed by
extension, with the generation of a unique sequence used for the digital identi�cation of the speci�c
protein assay (www.olink.com). Plasma (2.8 µl) was incubated overnight with oligonucleotide-labeled
antibody pairs to form speci�c DNA duplexes. Extension and pre-ampli�cation were then performed
together, and the measurement of individual protein markers was performed using a Nova-Seq 6000
system. These counts were normalized to an extension control and an inter-plate control and then
adjusted using a correction factor to calculate the normalized protein expression value (NPX) in log2
scale.

 

Study design and patient characteristics of the Osaka cohort

A prospective observational multicenter study of COVID-19 patients was conducted at the Department of
Traumatology and Acute Critical Care Medicine, Osaka University Graduate School of Medicine and the
Osaka Prefectural Nakakawachi Emergency and Critical Care Center from August 2020 to December
2020. All of the study patients were diagnosed as having SARS CoV-2 (based on a positive RT-PCR test)
and pneumonia (based on computed tomography imaging). This group was designated the Osaka
COVID-19 cohort. Patients with sepsis who were admitted to the Department of Traumatology and Acute
Critical Care Medicine, Osaka University Graduate School of Medicine between February 2014 and July
2015 were included as an ICU control group. The patients with sepsis were all over 18 years of age, and
all patients met the Sepsis-3 criteria. Outpatients who were recruited from public poster advertisements
were included as a healthy control population.

 

Clinical data

Demographic variables (age, sex, BMI), Acute Physiology and Chronic Health Evaluation (APACHE) II
score [17] and Sequential Organ Failure Assessment (SOFA) score [18], comorbid conditions
(hypertension, diabetes and hyperlipidemia) and clinical variables (day of discontinuation of MV and
discharge status) were extracted from electronic medical records by the investigators.

 

Analysis of resistin, in�ammatory cytokines and endothelial damage markers

ELISAs (R&D Systems, Minneapolis, MN, USA) were performed to measure the plasma levels of resistin,
IL-6, IL-8, IL-10, MCP-1, intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion molecule-1
(VCAM-1). After thawing of frozen plasma samples, measurement was conducted according to the
manufacturer’s protocol. A microplate reader (SH-9000Lab; Corona Electric Co., Ltd., Ibaraki, Japan) was
used to measure absorbance. The minimum detectable levels were as follows: resistin, IL-8, IL-10 and
ICAM-1: 31.2 pg/ml; MCP-1 and VCAM-1: 15.6 pg/ml; and IL-6: 9.4 pg/ml.
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mRNA expression of resistin in whole blood

Total RNA was isolated from day 1 leukocyte samples from 10 COVID-19 patients and 5 healthy controls
in the Osaka cohort using the PAXgene™ Blood RNA System (BD Bioscience, San Jose, CA, USA). After
blood collection, all collection tubes were stored until further use at -30°C. We performed library
preparation using a TruSeq stranded mRNA sample prep kit (Illumina, San Diego, CA, USA) according to
the manufacturer’s instructions. Sequencing was performed with an Illumina NovaSeq 6000 platform in
101-base paired-end mode. Sequenced reads were mapped to the human reference genome sequences
(hg19) using the TopHat (version 2.0.13) software program, with Bowtie 2 (version 2.2.3) and SAMtools
(version 0.1.19). We calculated the fragments per kilobase of exon per million mapped fragments using
the Cu�inks software program (version 2.2.1). FeatureCounts was used to determine the gene-level
expression raw read counts. Raw data from this study were submitted for future access under Gene
Expression Omnibus accession number GSE179850.

Statistical analysis

Values are reported as n (%) and the median value (quartile 1–3) if the data distribution was skewed, or
as the mean ± SE unless stated otherwise.

In the MGH COVID-19 cohort, the patients were divided into four groups based on the quartiles of the day
1 resistin NPX. The proportion of Acuitymax was calculated for each group. The difference in the
proportion was compared using the chi-squared test. The Wilcoxon rank-sum test was used to evaluate
the differences between survivors and non-survivors on day 1, day 4 and day 8. To investigate whether
the day 1 resistin value is useful as a prognostic biomarker, a receiver operating characteristic (ROC)
curve was created. The area under the curve (AUC), accuracy, sensitivity and speci�city were also
determined.

In the Osaka COVID-19 cohort, resistin, in�ammatory cytokines and endothelial damage markers were
transformed to logarithmic values to normalize the data distribution before the analyses. Dunnett’s test
was used to evaluate the difference of each value between patients and healthy controls. Because the
median day of weaning off MV was 12 days after intubation in the validation cohort, and that of
tracheostomy was 12 days after intubation in a large observational study in Spain [8], treatment with MV
for ≤12 days was de�ned as early recovery, whereas MV >12 days and hospital death were de�ned as
late recovery or death, respectively. The patients were divided into two groups in the acute phase (day 1,
days 2–3, and days 6–8): survivors and non-survivors or early recovery and late recovery or death.
Wilcoxon rank-sum tests were used to evaluate differences between two groups on each day. A Cox
proportional hazards analysis was performed to estimate hazard ratios and their 95% con�dence
intervals (CIs) for the time to wean off MV. The levels of resistin, in�ammatory cytokines and endothelial
damage markers were analyzed as time-dependent covariates (i.e., the value was updated prospectively
for each sample taken). We used the Z score of the log-transformed level in each biomarker to the
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strength of association for comparison among biomarkers. Recognizing that the clinical course may be
affected by various factors, we extended this model to adjust for multiple potential confounders,
including sex and age, which were found to be associated with the prognosis in COVID-19 [19–21]. We
also calculated the median time to wean off MV in patients divided into two groups according to the
quartile of the resistin level determined in a Kaplan-Meier analysis with time as a dependent covariate.

Correlations between resistin, and in�ammatory cytokines, and endothelial damage markers were
evaluated by a hierarchical clustering analysis based on Spearman correlation coe�cients. A network
analysis was performed with Cytoscape® software (www.cytoscape.org) version 3.8.0. Log2 fold
changes were calculated by dividing the average mediator levels in COVID-19 or sepsis patients by the
average levels in healthy controls.

The mRNA expression of resistin was compared between COVID-19 patients and healthy controls by a
Wilcoxon rank-sum test.

Statistical analyses were performed using the R software program (version 4.0.2; R Foundation for
Statistical Computing, Vienna, Austria). Data are presented using the GraphPad Prism software program
(version 8.4.3, GraphPad Software, La Jolla, CA). Statistical signi�cance was de�ned as P <0.05.

Results

Clinical characteristics and analysis of public proteomics
data in MGH COVID-19 cohort
One of the 306 patient samples in the MGH COVID-19 cohort was identi�ed as an outlier and removed
from the �nal dataset. Accordingly, a total of 305 day 1 samples, 215 day 4 samples and 139 day 8
samples were available in the MGH COVID-19 cohort.

In this cohort, 42 patients died within 28 days and 263 survived until 28 days. Sixty-seven of the survivors
received MV. The age and rate of hypertension of the non-survivors were signi�cantly higher than those of
the survivors. The rate of diabetes in the two groups did not differ to a statistically signi�cant extent. BMI
was not associated with the prognosis (Table 1).
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Table 1
Clinical and demographic characteristics of COVID-19 patients in

the MGH cohort

  Survivors Non-survivors p Value

  (n = 263) (n = 42)  

Age group, n (%)     < 0.001*

Under 65 years 182 (69.2) 4 (9.5)  

65–79 years 50 (19.0) 15 (34.7)  

Over 80 years 31 (11.8) 23 (54.8)  

BMI group, n (%)     0.543

Under 25.0 39 (14.8) 7 (16.7)  

25.0-39.9 177 (67.3) 27 (64.3)  

Over 40.0 30 (11.4) 5 (11.9)  

Unknown 17 (6.5) 3 (7.1)  

Comorbidities, n (%)      

Hypertension 115 (43.7) 31 (73.8) < 0.001*

Diabetes 94 (35.7) 16 (38.1) 0.768

Signi�cance was determined by Pearson's chi-squared tests

BMI, body mass index; MGH, Massachusetts General Hospital

*Statistically signi�cant (p < 0.05)

The day 1 resistin levels were associated with the 28-day outcome scale values (Fig. 1A). In the COVID-19
patients (days 1, 4 and 8), the resistin levels of the 28-day non-survivors were signi�cantly increased in
comparison to those of the 28-day survivors. To explore prognostic biomarkers, an ROC analysis was
conducted according to the resistin levels on day 1 and the AUC values were analyzed. The AUC of
resistin in the overall COVID-19 patient population was 0.739 (95% CI, 0.659–0.819) (Fig. 1C).

Patient characteristics in the Osaka cohort
The Osaka cohort included 62 COVID-19 patients (male, n = 42; female, n = 20), 38 patients with sepsis
(male, n = 29; female, n = 9) and 18 healthy controls (male, n = 12; female, n = 6). All COVID-19 patients
were treated in the ICU, and 60 patients (96.8 %) received MV.

The median APACHE II and SOFA scores in the COVID-19 patients were signi�cantly lower than those in
the sepsis patients (14 [9–17] vs. 21 [14–30]; p < 0.001 and 5 [3–6] vs. 9 [5–13]; p < 0.001). The mortality
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rates of the COVID-19 and sepsis patients were 12.9% and 26.3%, respectively. The comorbidities of the
patients are listed in Table 2.

Table 2
Clinical and demographic characteristics of COVID-19 and sepsis patients in the Osaka cohort

  Healthy controls COVID-19 patients Sepsis patients

  (n = 18) (n = 62) (n = 38)

Age, years 59 (55–71) 71 (61–76) 76 (65–81)

Sex, male 12 (66.6) 42 (67.7) 29 (76.3)

BMI, kg/m2 21.6 (20.7–25.6) 24.1 (22.6–26.3) 21.6 (19.0-23.5)

Comorbidities      

Hypertension 4 (28.5) 33 (53.2) 11 (28.9)

Diabetes 1 (7.1) 27 (43.5) 15 (39.5)

Hyperlipidemia 10 (55.6) 19 (30.6) 7 (18.4)

APACHE II score   14 (9–17) 21 (14–30)

SOFA score   5 (3–6) 9 (5–13)

Hospital death   8 (12.9) 10 (26.3)

Note: Data are given as the median (25th-75th percentile) or as number (%)

IQR, interquartile range; BMI, body mass index; APACHE, Acute Physiologic Assessment and Chronic
Health Evaluation; SOFA, sequential organ failure assessment

Changes in resistin, in�ammatory cytokines and endothelial
damage markers in the Osaka cohort
In comparison to those of the healthy controls, the plasma resistin levels of both the COVID-19 and sepsis
patients in the Osaka cohort were signi�cantly higher on day 1, days 2–3, days 6–8 and days 11–15. The
resistin levels of sepsis patients were signi�cantly higher in comparison to those of the COVID-19
patients (Fig. 2A). Resistin levels were also evaluated to investigate differences between survivors and
non-survivors during the acute phase (day 1, days 2–3 and days 6–8) in the COVID-19 and sepsis
patients (Fig. 2B). There were no differences in the plasma resistin levels of the survivors and the non-
survivors in the COVID-19 group. However, the plasma resistin levels of the non-survivors were
signi�cantly higher than those of the survivors in the sepsis group from day 1 until days 6–8. Changes in
cytokines and endothelial damage markers are shown in Figures S1 and S2 in the online data
supplement.
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In a Cox proportional hazards analysis with time-dependent covariates, the resistin level showed a
statistically signi�cant association with the time to wean off MV (Table 3). In�ammatory cytokines and
endothelial damage markers are also evaluated in Table S1 in the online data supplement. The median
time to wean off MV was signi�cantly shorter in patients who had a resistin level in the �rst quartile
(2018 pg/ml) and lower in comparison to those with higher resistin levels (8 days vs. 15 days in median,
p = 0.02; Figure S3 in the online data supplement). Regarding the outcomes, the plasma resistin levels in
patients with late recovery and death were signi�cantly higher in comparison to those with early recovery
on days 6–8 (Fig. 3A). Decreased plasma resistin levels were observed in the patients in the early
recovery group but not in patients of in the recovery and death group during the acute phase (Fig. 3B).

Table 3
Cox proportional hazard analysis with time as the dependent covariate for weaning off MV

  Crude HR 95% CI P value Adjusted HR 95% CI P value

Resistin 0.702 0.508 to 0.969 0.03 0.649 0.471 to 0.894 < 0.01

Adjusted model: BMI and Age. BMI, body mass index; HR, hazard ratio; CI, con�dence interval; MV,
mechanical ventilation

Network analysis of resistin, VCAM-1, ICAM-1, IL-6, IL-8, IL-
10 and MCP-1 in the Osaka cohort
The networks of resistin, IL-6, IL-8, IL-10, VCAM-1 and ICAM-1 on day 1, days 2–3, and days 6–8 in the
Osaka COVID-19 and sepsis patients are depicted in Fig. 4. Through the acute phase, resistin was
signi�cantly associated with IL-6, IL-8, IL-10, VCAM-1 and ICAM-1 in the COVID-19 patients, and with IL-6,
IL-8 and VCAM-1 in the sepsis patients.

mRNA expression of resistin in whole blood in the Osaka
cohort
The mRNA expression of resistin in whole blood in the COVID-19 patients of the Osaka cohort was
signi�cantly higher in comparison to that in the controls (Figure S4 in the online data supplement).

Discussion
This is the �rst study, to our knowledge, to identify a relationship between resistin and severity, prognosis
and the time to wean off MV in COVID-19 patients. In addition to sepsis patients, resistin—which was
elevated in COVID-19 patients in comparison to healthy subjects—formed a network with cytokines and
endothelial damage markers, which may be involved in the pathogenesis of the COVID-19. Thus, resistin
may be a clinical useful biomarker in COVID-19.
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In humans, resistin is delivered from peripheral blood mononuclear cells, macrophages and bone marrow,
rather than from adipocytes [12, 22, 23]. In the present study, the resistin gene expression in whole blood
cells was elevated, suggesting that these cells were responsible for the production of resistin in COVID-19
patients. Resistin is reported to play a role as a pro-in�ammatory cytokine [24] and to be related to the
pathogeneses of cardiovascular disease [25], cancer [26] and sepsis [13, 14, 27]. In the present study,
COVID-19 patients showed increased plasma resistin levels (although these levels were lower than those
in sepsis patients) and resistin, cytokines and endothelial damage markers formed a network.

Resistin has two potential roles in the pathogenesis of COVID-19. First, resistin induces various
in�ammatory cytokines. In vitro, resistin has been shown to induce the nuclear translocation of NF-kB
transcription factors in macrophages and to lead to the increased expression of several pro-in�ammatory
cytokines, including IL-1, IL-6, IL-12 and TNF-α, in both mice and humans [28]. In a study of sepsis
patients, resistin was reported to compose a strong network with IL-6, IL-8 and MCP-1 during the acute
phase, and that network was reported to be related to the severity and prognosis of sepsis [14]. Second,
resistin directly activates vascular endothelial cells. Resistin induced aggravation of an in�ammatory
condition in the vessel walls of rabbits by stimulating monocytes to in�ltrate endothelial cells [29], and it
stimulated adhesion of human monocyte cells to human vascular endothelial cells [30]. Clinically, resistin
was reported to be associated with endothelial damage markers, including ICAM-1 and VCAM-1 in sepsis
[31]. The network with resistin, in�ammatory cytokines and endothelial damage markers in COVID-19
shown in this study is similar to that observed in sepsis. The action of resistin may be a common
response to infection that is pathogen independent. In the MGH COVID-19 cohort, which included mild-to-
critical patients, resistin was associated with severity and prognosis, suggesting that the systemic
in�ammation and endothelial damage caused by the resistin-related network might contribute to a lethal
outcome in COVID-19 patients.

A previous study showed that COVID-19 patients often needed prolonged MV management with
tracheostomy [8]. In the present study, 60 COVID-19 patients received MV management. The median time
of weaning off MV was 12 days after intubation and 25% of the patients required MV management for > 
28 days (n = 12). A gradual decrease in the resistin level was observed in the early recovery group. The
resistin level had a relationship with the time to wean off MV. The median time to wean off MV was
signi�cantly shorter in patients who had a resistin level in the �rst quartile (2018 pg/ml) or lower in
comparison to those with higher resistin levels (median 8 days vs. 15 days, p = 0.02). Resistin may be
useful as a marker to predict the time to wean off MV.

Many biomarkers have been reported in COVID-19 [32], especially IL-6 [33–35]. IL-6 receptor blockade has
been investigated for potential therapeutic application [36, 37]. In the present study, which only included
critical COVID-19 patients, IL-6 was not shown to be associated with the prognosis or the time to wean off
MV. In contrast, resistin was a useful biomarker that predicted severity and prognosis in the mild-to-
critical COVID-19 cohort. Furthermore, in the critical patient cohort, resistin was a remarkable biomarker
for predicting the time to wean off MV.
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The present study was associated with several limitations. First, the Osaka cohort only included critical
COVID-19 patients who were treated in a critical care center. Consequently, this cohort did not represent
the entire COVID-19 population. Second, the study population was relatively small.

Conclusion
Resistin levels were assessed over time in patients with COVID-19. We found that resistin levels were
associated with severity, prognosis and the time to wean off MV. Resistin formed a network with
in�ammatory cytokines and endothelial damage markers, suggesting its contribution to the pathogenesis
of COVID-19.
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Figures

Figure 1

The evaluation of resistin in the public proteomics data of the MGH COVID-19 cohort. (A) The clinical
course by quartiles of day 1 resistin levels. Asterisk indicates a statistically signi�cant difference between
the clinical course and the day 1 resistin levels. (B) Change in the NPX of resistin for 28-day survivors and
non-survivor on day 1, day 4, and day 8. Asterisk indicates a statistically signi�cant difference between
survivors and non-survivors (p<0.05) on each day. (C) The NPX of resistin on day 1 was included in an
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ROC curve analysis, and the AUC was calculated to evaluate the prognostic accuracy. COVID-19,
coronavirus disease 2019; NPX, normalized protein expression value; ROC, receiver operating
characteristic; AUC, area under the curve

Figure 2

Change in the resistin levels of the Osaka cohort. The resistin levels were transformed to common
logarithmic values to normalize the data distribution. All values are expressed as the mean ± SE. (A) *
indicates a signi�cant difference in resistin between the control and sepsis patients. # indicates a
statistically signi�cant difference between the control and COVID-19 patients on each day (p<0.05). $
indicates a statistically signi�cant difference between the sepsis patients and COVID-19 patients. (B) The
resistin levels of survivors and non-survivors on each day in the sepsis and COVID-19 groups. * indicates
a statistically signi�cant difference between survivors and non-survivors (p<0.05) on each day. SE,
standard error; COVID-19, coronavirus disease 2019
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Figure 3

The relationship between resistin and the time to wean off MV. We de�ned the day of weaning off MV as
the day of extubation for patients without tracheostomy or the day ventilator withdrawal for patients with
tracheostomy. Resistin levels were transformed to common logarithmic values to normalize the data
distribution. All data are expressed as the mean ± SE. (A) The resistin levels in the early recovery patients
(weaning off MV ≤12 days) and patients with late recovery (>12 days) or death on day 1 (n=35; n=26,
respectively), day 2-3 (n=34; n=25, respectively), and day 6-8 (n=32; n=26). * indicates a statistically
signi�cant (p<0.05) difference between early recovery patients and patients with late recovery or death on
each day. (B) Each plot represents a sample, and samples from the same case are connected by a line. *
indicates a statistically signi�cant difference (p<0.05) by Wilcoxon signed-rank test. MV, mechanical
ventilation; SE, standard error
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Figure 4

Network visualization of resistin, 4 cytokines and 2 endothelial damage markers. Resistin, cytokines and
endothelial damage markers were transformed to common logarithmic values to normalize the data
distribution. The width of each edge indicates the Pearson’s correlation coe�cients among resistin,
cytokines and endothelial damage markers. The red edge indicates a statistically signi�cant correlation.
The size of each node was determined based on the log2 fold change (i.e., average resistin, cytokine or
endothelial damage marker levels in COVID-19 or sepsis patients/average resistin, cytokines or
endothelial damage marker levels in controls). Node colors depict resistin (purple), cytokines (light blue)
and endothelial damage markers (orange). COVID-19, coronavirus disease 2019; ICAM-1, intercellular
adhesion molecule 1; VCAM-1, vascular cell adhesion molecule-1; IL, interleukin; MCP, monocyte
chemotactic protein
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