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Background & aims: Iron is an essential trace element to almost all organism, and the delicate balance
between host defend system and viral proliferation plays an important role in infective conditions. While
the association of the iron metabolism with the prognosis of COVID-19 remains poorly understood. We
aimed to estimate the associations of systemic iron metabolism parameters with the severity and risks of
adverse outcomes in COVID-19.
Methods: In this retrospective cohort study, we included 158 confirmed COVID-19 patients in Tongji
Hospital, Wuhan, China (27 January to 5 April, 2020). Demographic data, comorbidities, laboratory ex-
aminations, treatments, and clinical outcomes were all collected. Multivariable Poisson regression was
used to estimate the association of iron parameter levels with the severity and risks of adverse outcomes
in COVID-19 patients.
Results: We identified 60 (38%) severe cases in 158 COVID-19 patients. The median age was 63 years
(interquartile range [IQR]: 54e73) and the median length of hospital stay was 28 days (IQR: 17e40). After
adjusting for age, sex, IL-6, and pre-existing comorbidities, all iron parameters were associated with the
severity of COVID-19 with adjusted risk ratio of 0.42 [95% CI: 0.22e0.83], 4.38 [95% CI: 1.86e10.33], 0.19
[95% CI: 0.08e0.48], and 0.25 [95% CI: 0.10e0.58] for serum iron, ferritin, transferrin, and total iron-
binding capacity, respectively. These iron indices were also related to the risk of ARDS, coagulopathy,
acute cardiac injury, acute liver injury, and acute kidney injury in COVID-19 patients and high cytokine
concentrations.
Conclusions: Patients with low serum iron status likely suffered from severe condition and multiple
eorgan injury in COVID-19. The iron metabolism parameters might be risk factors and clinical bio-
markers for COVID-19 prognosis.
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1. Introduction

Coronavirus disease 2019 (COVID-19), caused by the novel se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
become a pandemic [1]. As of September 14, 2020, more than 29
million cases and 920,000 deaths are confirmed over 200 countries,
which causes a burden to the global medical system. Acute respi-
ratory distress syndrome (ARDS) and multiorgan failure are major
causes of mortality in COVID-19 patients [2], and the host excessive
inflammation response or “cytokine storm” is part of the reason for
ARDS and multiorgan failure [3,4].
lism. All rights reserved.
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Abbreviations

ACI acute cardiac injury
AKI acute kidney injury
ALI acute liver injury
ALT alanine transaminase
ARDS acute respiratory distress syndrome
aRR adjusted relative risk
AST aspartate transaminase
CI confidence interval
COVID-19 Coronavirus disease 19
DIC disseminated intravascular coagulation
ICU intensive care units

IL-2R interleukin-2 receptor
IL-6 interleukin-6
IL-8 interleukin-8
IMV invasive mechanical ventilation
IQR interquartile range
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
sTfR soluble transferrin receptor
TIBC total iron-binding capacity
TNF-a tumor necrosis factor-a
TSAT transferrin saturation
UIBC unsaturated iron-binding capacity
ULN upper limit of normal
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Iron is required for various fundamental biological processes
ranging from DNA synthesis to ATP generation in human and
pathogens [5]. After viral invasion, the rapid proliferation puts
iron in the center of a competition between host cells and virus,
indicating that iron status may affect viral replication and damage
to host cells [6]. As a b-coronavirus, SARS-CoV-2 attacks host cells
through angiotensin-converting enzyme 2 and causes damages to
almost all tissue and organs, and the immune system plays an
important role in the viral pathogenic mechanism [7]. Iron ho-
meostasis is crucial for the host immune defense system, because
the property of gaining and losing electrons results in the gener-
ation of superoxide anions, and its content in macrophage regu-
lates the production of pro-inflammatory cytokines [8]. The
association of iron status with COVID-19 prognosis has been
preliminarily explored. A previous study in SARS found that serum
iron level decreased in confirmed patients [9], and studies on
COVID-19 found that low serum iron level was an independent
risk factor for the severity of hypoxemic respiratory failure and
death in COVID-19 patients [10,11]. High concentration of serum
ferritin was also found to be associated with poor outcomes in
COVID-19 patients [12]. However, recent studies were descriptive
case series or had a relatively small sample size. In the present
study, we aimed to depict the systemic iron status in COVID-19
patients and assess the association between the iron meta-
bolism parameters and poor prognosis of COVID-19.
2. Methods

2.1. Patients

This retrospective cohort study was conducted in Tongji Hos-
pital, which was one of the designated centers for COVID-19
treatment in Wuhan, China. In this study, we included 169 pa-
tients with iron metabolism indices. After excluding patients who
were pregnant, younger than 20 years, and possessed acute lethal
organ injury on admission or hematological diseases, 158 patients
were included in the final analysis. All patients were confirmed of
SARS-CoV-2 infection according to the guidance of the National
Health Commission of China and the World Health Organization
[13,14]. All enrolled patients were followed up until death or
discharge. The informed consent was waived because of the ur-
gent need to collect data on the newly emerged pathogen. This
study was approved by the Ethics Committees of the Tongji
Medical College, Huazhong University of Science and Technology.
2

2.2. Data collection

Demographic data, medical records, laboratory findings, arterial
blood gas analysis, in-hospital treatments, and clinical outcomes
were collected from the hospital electronic medical record system.
Detailed demographic information, symptoms, and comorbidities
of all patients were recorded or diagnosed on admission. Labora-
tory findings primarily included complete blood count, lymphocyte
subsets, inflammatory factors, cytokines, and biomarkers of cardiac,
liver, and kidney injury. According to patients’ condition, these
laboratory indices were tested at least once during the follow-up.

2.3. Laboratory procedure

The serum levels of iron, ferritin, transferrin, soluble transferrin
receptor (sTfR), and unsaturated iron-binding capacity (UIBC) were
tested by a fully automated analyzer (Roche/Hitachi Cobas c 701/
702, Roche Diagnostics GmbH) using validated laboratory methods
at admission. Meanwhile, transferrin saturation (TSAT) and total
iron-binding capacity (TIBC) were calculated simultaneously by the
analyzer. All kits needed in the tests were purchased from Roche
Diagnostics.

2.4. Outcomes

The severity of the disease was defined at admission according
to the Chinese management guideline for COVID-19 (version 7.0)
[14]. In our study, adverse outcomes included ARDS, acute cardiac
injury (ACI), acute liver injury (ALI), acute kidney injury (AKI), and
coagulopathy. We also described disseminated intravascular coag-
ulation (DIC), septic shock, and death. ARDS was diagnosed ac-
cording to the Berlin Definition [15]. Coagulopathy was confirmed if
prothrombin time was extended by 3 s or activated partial
thromboplastin time was extended by 5 s [16]. ACI was identified if
the serum level of high-sensitivity cardiac troponin I (hs-cTnI) was
above the upper limit of normal (ULN) [17]. ALI was confirmed if
serum level of alanine transaminase (ALT) or aspartate amino-
transferase (AST) was threefold higher than the ULN, or alkaline
phosphatase (ALP), g-glutamyl transpeptidase, or total bilirubin
were two times higher than the ULN [18]. AKI was defined when
the increment of the serum creatinine level was over 0.3 mg/dL
(26.5 mmol/L) within 48 h [19]. DIC was assessed by a scoring al-
gorithm using platelet count, D-dimer, international normalized
ratio of prothrombin time, and fibrinogen level. A score of�5 points
was compatible with DIC [20]. Septic shock was identified
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according to the International Consensus Definitions for Sepsis-3
[21] and doctoral reports.

2.5. Statistical analysis

Given that most of the variables were skewed distribution,
continuous variables were expressed as median (interquartile
range [IQR]) and compared using non-parametric ManneWhitney
U-test. Categorical variables were expressed as numbers (percent-
age) and compared using chi-squared test or Fisher's exact test as
appropriate. We calculated the adjusted mean of the iron meta-
bolism parameters in patients with or without undesirable out-
comes using the generalized linear model after adjusting for age,
sex, IL-6 concentration, and pre-existing comorbidities (including
hypertension, diabetes, cardiac disease, cerebrovascular disease,
chronic pulmonary disease, chronic kidney disease, chronic liver
disease, and tumor) to control the confounding factors of iron
status. We categorized the iron indices into tertiles and calculated
multivariableeadjusted relative risk (aRR) and 95% confidence in-
terval (CI) for each outcome using the Poisson regression model.
When IL-6 was included in the model, the missing values of it
(n ¼ 4) were imputed with median value. In addition, a
multivariable-adjusted linear regression model was used to esti-
mate the association of log-transformed iron indices with
lymphocyte counts, cytokines, and organ injury biomarkers. All
analyses were performed using R software (The R Foundation,
http://www.r-project.org, version 4.0.0). A two-sided P < 0.05 was
considered statistically significant.

3. Results

3.1. Baseline characteristics and laboratory indices in severe and
non-severe patients

Baseline characteristics and laboratory indices by the illness
severity of 158 confirmed COVID-19 patients were shown in
Supplemental Table 1. Among the patients (38% severe cases
[n ¼ 60], 49% male [n ¼ 77]), the median age was 63 years (IQR:
54e73) and the median length of hospital stay was 28 days (IQR:
17e40). Among all comorbidities, hypertension was the common-
est (n ¼ 61, 39%). Compared with non-severe patients, severe pa-
tients had higher levels of pro-inflammatory cytokines at baseline,
including interleukin-6, interleukin-8, interleukin-2 receptor, and
tumor necrosis factor-a. The levels of infection biomarkers such as
high-sensitivity C-reactive protein and procalcitoninwere higher in
severe patients. As for lymphocytes, we found that cell counts
(including lymphocytes, total T cells, CD4þ T cells, CD8þ T cells,
total B cells, and natural killer cells) at admission were lower in
severe patients, but subset proportions had no significant differ-
ence in the two groups of patients. At the end of follow-up, five (3%)
deaths occurred in severe patients. During hospitalization, themost
common complication in all patients was ARDS (n ¼ 64, 41%), fol-
lowed by ACI (n¼ 44, 28%) and ALI (n¼ 43, 27%), then coagulopathy
(n ¼ 33, 21%), AKI (n ¼ 22, 14%), DIC (n ¼ 8, 5%), and septic shock
(n ¼ 5, 3%). The incidences of these undesirable outcomes were
augmented in severe patients compared with non-severe patients
(all P < 0.001).

3.2. Adjusted mean of the baseline serum iron metabolism
parameters by outcomes

The correlation between iron metabolism parameters levels in
our study was shown in Fig. 1. We compared the iron metabolism
indices of COVID-19 patients who suffered from different adverse
outcomes with patients who did not progress to the relevant
3

outcome to assess their iron status. After adjusting for sex, age,
and comorbidities (including hypertension, diabetes, cardiac
disease, cerebrovascular disease, chronic pulmonary disease,
chronic kidney disease, chronic liver disease, and tumor), we
found that the adjusted mean of the serum iron metabolism
parameters at baseline differed significantly in patients with or
without adverse outcomes (Table 1). In particular, severe patients
had a higher serum ferritin level and lower serum levels of iron,
transferrin, total iron-binding capacity, and unsaturated iron-
binding capacity than those in non-severe condition. The iron
metabolism parameters also differed in patients with or without
multiple-organ injury. The serum level of iron was lower in pa-
tients who suffered from ARDS, coagulopathy, ACI, AKI, DIC, and
septic shock during hospitalization, and ICU/IMV/death
(P ¼ 0.003 for AKI, P ¼ 0.005 for septic shock, and P < 0.001 for
others). Similarly, we found that serum concentration of trans-
ferrin and total iron-binding capacity value were lower in pa-
tients with adverse outcomes (all P < 0.05), and unsaturated
iron-binding capacity value was lower in patients who suffered
from ARDS, coagulopathy, ALI, DIC, and septic shock during
follow-up (all P < 0.05). However, serum ferritin was higher in
those who had ARDS, coagulopathy, ACI, ALI, DIC, and septic
shock, and ICU/IMV/death (P ¼ 0.016 for coagulation disorders
and P < 0.001 for the rest). In addition, the serum level of TSAT
was lower in patients with ACI, AKI, and DIC, whereas sTfR was
not significantly different in all groups.

3.3. Baseline serum levels of the iron metabolism parameters were
associated with various adverse outcomes

In the multivariable Poisson regression model, the baseline
serum levels of the iron metabolism parameters were significantly
associated with the risk of various adverse outcomes (Table 2).
Compared with the lowest tertile, patients with the highest tertile
of serum iron level had lower risks of severe illness (aRR 0.42, 95%
CI: 0.22e0.83), ARDS (aRR 0.44, 95% CI: 0.22e0.87), coagulopathy
(aRR 0.27, 95% CI: 0.10e0.76), ACI (aRR 0.24, 95% CI: 0.09e0.63), and
AKI (aRR 0.16, 95% CI: 0.04e0.63). No significant association was
found between serum iron and ALI. Similarly, the serum levels of
transferrin, TIBC, and UIBC were inversely associated with the risks
of undesirable outcomes. By comparing the highest tertile with the
lowest tertile of the iron parameters, the high level of transferrin
was associated with low risks of severe illness (aRR 0.21, 95% CI:
0.08e0.52), ARDS (aRR 0.24, 95% CI: 0.10e0.56), and coagulation
disorders (aRR 0.19, 95% CI: 0.04e0.85). The serum transferrin level
was not associated with ACI, ALI and AKI. High TIBC value was
related to low risk of severe illness (aRR 0.27, 95% CI: 0.11e0.64),
ARDS (aRR 0.30, 95% CI: 0.13e0.68), coagulopathy (aRR 0.19, 95% CI:
0.04e0.89), and ACI (aRR 0.27, 95% CI: 0.09e0.81). No significant
association was found for ALI and AKI. Compared with the lowest
tertile, patients with the highest tertile of ferritin level had a higher
risk of severe illness (aRR 4.02, 95% CI: 1.67e9.69), ARDS (aRR 3.13,
95% CI: 1.40e6.98), coagulation disorders (aRR 5.86, 95% CI:
1.27e26.97), ACI (aRR 2.91, 95% CI: 1.03e8.27), and ALI (aRR 3.61,
95% CI: 1.43e9.09), whereas no significant difference was found for
AKI. Serum TSAT, sTfR and UIBC values were not associated with
these adverse outcomes.

The associations of the iron metabolism parameters and organ
injury markers were shown in Supplemental Table 2. After
adjusting for age, sex, and pre-existing diseases in multivariable
linear regression model, the high serum iron level was associated
with low D-dimer and TNI concentrations (P < 0.05 for both).
Serum transferrin, TIBC, and UIBC were all negatively related to D-
dimer and creatine, and high transferrin and TIBC values were
related to lowALTactivity (all P < 0.05). Furthermore, serum ferritin
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Fig. 1. The correlation between iron metabolism indices among COVID-19 patients. Abbreviations: sTfR ¼ soluble transferrin receptor; TIBC ¼ total iron-binding capacity;
TSAT ¼ transferrin saturation; UIBC ¼ unsaturated iron-binding capacity.
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was positively related to D-dimer concentration and ALT and AST
activities (all P < 0.05). Similarly, serum TSAT and sTfR values were
not associated with these acute organ injury markers. The rela-
tionship between iron metabolism parameters and D-dimer was
presented in Supplemental Fig. 1.
3.4. Baseline serum levels of the iron metabolism parameters were
associated with subset lymphocyte counts and cytokine
concentrations

Considering the important role of immune cells and cytokines in
the progression of COVID-19, we used the multivariable linear
regression model to analyze the doseeresponse relationship be-
tween serum iron metabolism parameters and lymphocyte subset
counts, cytokines, infection biomarkers, and indices for acute organ
injuries. b-Coefficients and 95% CI of all iron metabolism indicators
with these indices were presented in Supplemental Table 2. After
log-transforming and adjusting for age, sex, and pre-existing
comorbidities, we found that the serum iron status was signifi-
cantly associated with the expression of pro-inflammatory cyto-
kines. Serum iron was negatively related to the levels of IL-6, IL-8,
and IL-2R. In addition, transferrin, TIBC, and UIBC were negatively
associated with IL-6, IL-8, IL-2R, and TNF-a (all P < 0.05). As an
inflammatory indicator, serum ferritin was positively related to
high levels of IL-6, IL-8, IL-2R, and TNF-a (all P < 0.01). The
doseeresponse relationship between systemic iron status and IL-6
concentration was shown in Fig. 2, and the association of iron
indices with IL-8 and IL-2R was presented in Supplemental Figs. 2
4

and 3. In our study, serum TSAT and sTfR values were not associ-
ated with cytokine content.
4. Discussion

In this study, we systemically described iron status in severe and
non-severe patients and reported a significant association of iron
metabolism disorders with COVID-19 severity and the risk of
various adverse outcomes. In particular, increased serum ferritin,
decreased serum iron, transferrin, TIBC, and UIBC were associated
with the increased risk of severe COVID-19, ARDS, and acute organ
injuries. We did not estimate the associations of the iron meta-
bolism parameters with DIC, septic shock and death, because the
low incidence of these outcomes would limit the statistical power.
No significant relations were found for TSAT and sTfR. Based on
previous reports, this longitudinal study was the first to systemi-
cally investigate the association of iron metabolism parameters
with the risk of various adverse COVID-19 outcomes.

Former studies have indicated a U-shape of iron status and
the risk of infection [22]. However, whether the iron metabolism
parameters are risk factors for COVID-19 prognosis remains
poorly understood. A previous study in Austria found that ferritin
and transferrin were both associated with the risk for ICU
admission in COVID-19 patients, and no significant relations
were found in iron and other indices [23]. This study indicated
the relation between iron metabolism and the undesirable
outcome of COVID-19, whereas the association with specific
comorbidities warrants further investigation. In our study, we



Table 1
Multivariable-adjusted mean of baseline iron metabolism indices value in COVID-19 patients.

Serum iron, mmol/L Serum ferritin, ng/mL Serum
transferrin, g/L

Soluble
transferrin
receptor, ng/mL

Transferrin
saturation, %

Total iron
binding
capacity, mmol/L

Unsaturated
iron binding
capacity, mmol/L

Severe No (n ¼ 98) 15.4 (14.3, 16.6) 328.1 (184.4, 471.7) 2.0 (1.9, 2.1) 3.2 (2.9, 3.5) 36.6 (33.6, 39.6) 43.1 (41.5, 44.6) 27.6 (25.9, 29.3)
Yes (n ¼ 60) 11.3 (9.8, 12.9) 1088.7 (900.7, 1276.7) 1.6 (1.5, 1.7) 2.9 (2.5, 3.4) 33.4 (29.5, 37.3) 34.6 (32.5, 36.6) 23.2 (21.0, 25.4)
P-value <0.001 <0.001 <0.001 0.396 0.226 <0.001 0.003

ARDS No (n ¼ 94) 15.5 (14.3, 16.7) 325.4 (177.3, 473.5) 2.0 (1.9, 2.1) 3.2 (2.9, 3.5) 36.7 (33.7, 39.7) 43.1 (41.5, 44.7) 27.6 (25.9, 29.3)
Yes (n ¼ 64) 11.5 (10.0, 13.0) 1045.1 (862.4, 1227.8) 1.6 (1.5, 1.7) 2.9 (2.5, 3.3) 33.5 (29.7, 37.2) 35.1 (33.1, 37.1) 23.5 (21.4, 25.7)
P-value <0.001 <0.001 <0.001 0.3 0.21 <0.001 0.006

Coagulopathy No (n ¼ 92) 14.9 (13.8, 15.9) 534.1 (397.7, 670.5) 1.9 (1.8, 2.0) 3.2 (2.9, 3.4) 36.6 (34.0, 39.1) 41.6 (40.2, 43.0) 26.7 (25.2, 28.2)
Yes (n ¼ 33) 10.1 (8.0, 12.2) 930.5 (651.7, 1209.3) 1.5 (1.4, 1.6) 2.8 (2.3, 3.4) 30.8 (25.6, 36.1) 33.2 (30.4, 36.1) 23.1 (20.1, 26.1)
P-value <0.001 0.016 <0.001 0.319 0.061 <0.001 0.04

ACI No (n ¼ 114) 15.5 (14.4, 16.6) 427.6 (287.8, 567.5) 1.9 (1.9, 2.0) 3.0 (2.7, 3.3) 37.5 (34.7, 40.2) 42.0 (40.5, 43.5) 26.5 (24.9, 28.1)
Yes (n ¼ 44) 9.7 (7.9, 11.5) 1107.3 (867.5, 1347.1) 1.6 (1.4, 1.7) 3.3 (2.8, 3.8) 30.0 (25.3, 34.7) 34.2 (31.6, 36.8) 24.5 (21.8, 27.2)
P-value <0.001 <0.001 <0.001 0.386 0.011 <0.001 0.241

ALI No (n ¼ 115) 14.2 (13.1, 15.3) 463.4 (327.3, 599.4) 1.9 (1.8, 2.0) 3.2 (2.9, 3.5) 35.4 (32.7, 38.1) 41.1 (39.6, 42.6) 26.9 (25.4, 28.4)
Yes (n ¼ 43) 13.0 (11.2, 14.8) 1027.5 (801.4, 1253.7) 1.6 (1.5, 1.8) 2.8 (2.3, 3.3) 35.4 (30.9, 39.8) 36.4 (33.9, 38.9) 23.4 (20.9, 25.9)
P-value 0.281 <0.001 0.001 0.173 0.994 0.002 0.023

AKI No (n ¼ 136) 14.6 (13.6, 15.7) 612.0 (474.1, 750.0) 1.9 (1.8, 1.9) 3.0 (2.8, 3.3) 36.7 (34.1, 39.2) 40.8 (39.3, 42.3) 26.1 (24.7, 27.6)
Yes (n ¼ 22) 9.2 (6.0, 12.3) 647.2 (224.3, 1070.0) 1.6 (1.3, 1.8) 3.4 (2.6, 4.3) 27.4 (19.6, 35.2) 33.9 (29.4, 38.4) 24.8 (20.2, 29.3)
P-value 0.003 0.884 0.012 0.442 0.037 0.008 0.594

DIC No (n ¼ 150) 14.4 (13.5, 15.3) 566.9 (446.9, 686.9) 1.9 (1.8, 1.9) 3.1 (2.8, 3.3) 36.1 (33.8, 38.3) 40.7 (39.4, 41.9) 26.3 (25.0, 27.6)
Yes (n ¼ 8) 4.6 (0.6, 8.7) 1554.8 (1014.6, 2095.0) 1.1 (0.8, 1.3) 3.2 (2.1, 4.3) 22.5 (12.2, 32.7) 24.4 (18.9, 30.0) 19.8 (13.8, 25.7)
P-value <0.001 <0.001 <0.001 0.879 0.012 <0.001 0.039

Septic shock No (n ¼ 153) 14.1 (13.2, 15.1) 576.6 (458.4, 694.8) 1.9 (1.8, 1.9) 3.1 (2.8, 3.3) 35.6 (33.3, 37.9) 40.3 (39.1, 41.6) 26.2 (24.9, 27.5)
Yes (n ¼ 5) 6.3 (1.1, 11.6) 1849.2 (1179.6, 2518.7) 1.1 (0.7, 1.4) 3.2 (1.8, 4.6) 28.6 (15.6, 41.6) 24.7 (17.5, 31.9) 18.4 (11.0, 25.8)
P-value 0.005 <0.001 <0.001 0.846 0.301 <0.001 0.044

ICU/IMV/Death No (n ¼ 142) 14.5 (13.5, 15.4) 480.9 (371.6, 590.1) 1.9 (1.8, 1.9) 3.1 (2.9, 3.4) 36.2 (33.8, 38.5) 40.7 (39.4, 42.1) 26.3 (24.9, 27.6)
Yes (n ¼ 16) 8.6 (5.7, 11.5) 1824.2 (1491.9, 2156.5) 1.4 (1.2, 1.6) 2.9 (2.1, 3.7) 28.5 (21.4, 35.7) 31.8 (27.8, 35.8) 23.2 (19.0, 27.3)
P-value <0.001 <0.001 <0.001 0.586 0.051 <0.001 0.17

Data were presented as adjusted mean (95% CI) and adjusted for age, sex, and pre-existing comorbidities (including hypertension, diabetes, cardiac disease, cerebrovascular
disease, chronic pulmonary disease, chronic kidney disease, chronic liver disease, and tumor).
Abbreviations: ACI ¼ acute liver injury; ALI ¼ acute liver injury; AKI ¼ acute kidney injury; ARDS ¼ acute respiratory distress syndrome; COVID-19 ¼ coronary disease 2019;
DIC ¼ disseminated intravascular coagulation; ICU ¼ intensive care units; IMV ¼ invasive mechanical ventilation.
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found high serum iron level was associated with disease severity
in COVID-19 patients. A case series of 30 ICU patients in UK found
that serum iron was low in severe patients and related to the
severity of hypoxemic respiratory failure [11], and another study
of 50 patients in China found that low posttreatment serum iron
was an independent risk factor of death in COVID-19 patients
(b ¼ �0.011, 95% CI: �0.019, �0.003) [10]. The evidence from
these studies supported our results, whereas the relatively small
sample size and non-controlling confounding factors limited the
statistical power. As an acuteephase protein, ferritin is the most
commonly investigated iron index in COVID-19, and in line with
previous studies, we found that high ferritin level was associated
with the severity of COVID-19 [24]. In our study, except for iron
and ferritin, we also found that the serum transferrin, and TIBC
levels were all inversely associated with the severity of COVID-19
after adjusting for age, sex, IL-6, and pre-existing comorbidities,
whereas UIBC, sTfR and TSAT were not associated with poor
prognosis. In acute infectious diseases such as COVID-19, these
indices have limited clinical value due to their relative stability
[25]. Previous studies on SARS have observed a decrease in the
transferrin level in patients at the progressive phase compared
with patients with mild condition [26], which was in line with
our findings. However, transferrin is also an acuteephase protein
and decreases under infection. Meanwhile, TIBC declines under
infection because it primarily reflects the transferrin level in the
circulation, and we observed a strong correlation between them
in this analysis (r2 ¼ 0.99). Given the retrospective nature, we
cannot confirm the causality between the iron metabolism pa-
rameters and the severity of COVID-19, but our findings indicated
that these indices could be used as biomarkers of disease severity
in hospitalized patients and stratifying patients for appropriate
treatment. One of the strengths of our study is that we explore
5

the association of systemic iron status using relatively complete
iron metabolism parameters with disease severity in COVID-19
patients, which adds more weight to the evidence body than
using iron or ferritin only.

Current evidence shows that respiratory failure from ARDS was
the leading cause of death in COVID-19, and coagulopathy was also
a common implication related to adverse clinical outcomes of this
disease. In our analysis, we observed the significant associations
between the iron metabolism parameters and the risk of ARDS,
coagulopathy, ACI, ALI, and AKI in COVID-19 in-hospital patients.
Consistent with our results, previous studies reported a low serum
level of iron and transferrin in patients with ARDS and the pre-
dictive effect of increased ferritin concentration for the risk of ARDS
[27,28]. Previous study have found a low serum iron level was
associated with increased plasma level of coagulation factor VIII
and venous thromboembolic risk in other diseases [29]. Similarly,
we found that decreased serum iron, transferrin, TIBC, and UIBC
and increased ferritin were all related to the increased D-dimer
concentration and the high risk of coagulopathy in COVID-19 pa-
tients. This association might result from the roles of iron in the
interactionwith proteins of the coagulation cascade and transferrin
in maintaining coagulation balance by interacting with coagulation
and anti-coagulation factors [30], and the increased iron concen-
tration as well as the decreased transferrin in COVID-19 patients
resulted in the increased coagulation and the impaired anti-
coagulation, which led to coagulopathy finally.

Experimental studies have illustrated the possible mechanisms
of iron metabolism in infective diseases. After viral infection, cy-
tokines, particularly IL-6, upregulate the secretion of hepcidin, an
essential regulatory hormone for iron status homeostasis, through
STAT3 signaling [6,31]. By promoting the degradation of ferro-
portin, hepcidin inhibits cellular iron efflux from duodenal



Table 2
Multivariable-adjusted RR and 95% CI for adverse outcomes in COVID-19 patients.

Levels of serum iron metabolism indices P-trend Per SD increment

Tertile 1 Tertile 2 Tertile 3

Serum iron, mmol/L <10.7 10.7e15.8 �15.8
Severe 1 0.42 (0.22, 0.84) 0.44 (0.22, 0.87) 0.01 0.71 (0.53, 0.94)
ARDS 1 0.52 (0.28, 0.98) 0.48 (0.25, 0.92) 0.02 0.72 (0.55, 0.95)
Coagulopathy 1 0.30 (0.11, 0.81) 0.27 (0.10, 0.76) 0.01 0.53 (0.34, 0.80)
ACI 1 0.45 (0.21, 0.96) 0.24 (0.09, 0.63) 0.002 0.55 (0.39, 0.79)
ALI 1 0.84 (0.38, 1.83) 0.75 (0.35, 1.59) 0.45 0.91 (0.67, 1.24)
AKI 1 0.53 (0.18, 1.54) 0.16 (0.04, 0.63) 0.008 0.55 (0.34, 0.89)

Serum ferritin, ng/mL <269.7 269.7e561.6 �561.6
Severe 1 2.28 (0.93, 5.57) 4.02 (1.67, 9.69) 0.001 1.37 (1.16, 1.63)
ARDS 1 1.86 (0.83, 4.21) 3.13 (1.40, 6.98) 0.004 1.34 (1.14, 1.59)
Coagulopathy 1 2.84 (0.58, 13.77) 5.86 (1.27, 26.97) 0.01 1.21 (0.92, 1.58)
ACI 1 2.34 (0.84, 6.51) 2.91 (1.03, 8.27) 0.07 1.36 (1.11, 1.66)
ALI 1 1.33 (0.46, 3.83) 3.61 (1.43, 9.09) 0.002 1.33 (1.09, 1.63)
AKI 1 1.20 (0.28, 5.10) 1.73 (0.39, 7.66) 0.41 1.02 (0.61, 1.69)

Serum transferrin, g/L <1.6 1.6e2.0 �2.0
Severe 1 0.50 (0.28, 0.91) 0.21 (0.08, 0.52) 0.0002 0.52 (0.38, 0.70)
ARDS 1 0.56 (0.32, 1.00) 0.24 (0.10, 0.56) 0.0004 0.55 (0.41, 0.74)
Coagulopathy 1 0.41 (0.17, 0.96) 0.19 (0.04, 0.85) 0.005 0.39 (0.25, 0.63)
ACI 1 0.35 (0.16, 0.75) 0.40 (0.16, 1.02) 0.007 0.49 (0.34, 0.72)
ALI 1 0.70 (0.33, 1.45) 0.49 (0.20, 1.17) 0.09 0.69 (0.49, 0.96)
AKI 1 0.21 (0.06, 0.72) 0.33 (0.08, 1.32) 0.02 0.54 (0.32, 0.92)

Soluble transferrin receptor, ng/mL <2.5 2.5e3.2 �3.2
Severe 1 0.65 (0.34, 1.25) 0.72 (0.38, 1.35) 0.32 0.87 (0.63, 1.21)
ARDS 1 0.69 (0.37, 1.29) 0.70 (0.37, 1.30) 0.26 0.86 (0.62, 1.18)
Coagulopathy 1 0.41 (0.16, 1.10) 0.51 (0.21, 1.23) 0.12 0.69 (0.38, 1.23)
ACI 1 0.61 (0.27, 1.40) 0.96 (0.46, 1.98) 0.98 1.10 (0.81, 1.49)
ALI 1 0.79 (0.37, 1.71) 0.78 (0.36, 1.66) 0.52 0.77 (0.52, 1.16)
AKI 1 1.17 (0.35, 3.88) 1.56 (0.50, 4.85) 0.42 1.17 (0.80, 1.72)

Transferrin saturation, % <28.0 28.0e39.8 �39.8
Severe 1 0.71 (0.37, 1.36) 0.61 (0.30, 1.22) 0.16 0.93 (0.72, 1.21)
ARDS 1 0.86 (0.47, 1.59) 0.59 (0.30, 1.17) 0.13 0.92 (0.72, 1.19)
Coagulopathy 1 0.57 (0.23, 1.42) 0.35 (0.13, 0.96) 0.04 0.76 (0.52, 1.11)
ACI 1 0.81 (0.39, 1.70) 0.60 (0.26, 1.41) 0.24 0.80 (0.59, 1.09)
ALI 1 0.78 (0.34, 1.78) 1.01 (0.48, 2.17) 0.91 1.03 (0.75, 1.41)
AKI 1 0.65 (0.20, 2.13) 0.33 (0.10, 1.12) 0.07 0.70 (0.45, 1.10)

Total iron-binding capacity, mmol/L <35.6 35.6e44.4 �44.4
Severe 1 0.50 (0.27, 0.90) 0.27 (0.11, 0.64) 0.0007 0.55 (0.40, 0.74)
ARDS 1 0.56 (0.31, 0.99) 0.30 (0.13, 0.68) 0.002 0.58 (0.43, 0.77)
Coagulopathy 1 0.39 (0.17, 0.93) 0.19 (0.04, 0.89) 0.005 0.40 (0.25, 0.64)
ACI 1 0.40 (0.19, 0.83) 0.27 (0.09, 0.81) 0.003 0.51 (0.35, 0.74)
ALI 1 0.86 (0.42, 1.77) 0.45 (0.19, 1.12) 0.10 0.71 (0.51, 0.99)
AKI 1 0.38 (0.13, 1.16) 0.22 (0.04, 1.08) 0.02 0.53 (0.32, 0.90)

Unsaturated iron-binding capacity, mmol/L <21.3 21.3e29.2 �29.2
Severe 1 0.56 (0.29, 1.07) 0.50 (0.24, 1.02) 0.04 0.72 (0.53, 0.97)
ARDS 1 0.62 (0.33, 1.16) 0.54 (0.27, 1.09) 0.06 0.75 (0.56, 1.00)
Coagulopathy 1 0.47 (0.19, 1.17) 0.46 (0.16, 1.35) 0.08 0.71 (0.46, 1.09)
ACI 1 0.46 (0.21, 1.04) 0.68 (0.31, 1.50) 0.20 0.82 (0.59, 1.15)
ALI 1 0.64 (0.31, 1.35) 0.50 (0.20, 1.21) 0.10 0.73 (0.50, 1.06)
AKI 1 0.74 (0.28, 1.98) 0.76 (0.21, 2.74) 0.57 0.87 (0.52, 1.45)

Multivariable Poisson regression model was adjusted for age, sex, IL-6, and pre-existing comorbidities (including hypertension, diabetes, cardiac disease, cerebrovascular
disease, chronic pulmonary disease, chronic kidney disease, chronic liver disease, and tumor).
Linear trend test was conducted using the median value of each category of every iron metabolism parameter.
Abbreviations: ACI ¼ acute liver injury; AKI ¼ acute kidney injury; ALI ¼ acute liver injury; ARDS ¼ acute respiratory distress syndrome; COVID-19 ¼ coronary disease 2019;
RR ¼ relative risk.
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enterocytes to the circulation [6]. Meanwhile, interferon-g and
TNF-a upregulate the expression of divalent metal transporter-1,
resulting in an increased uptake of iron into active macrophages
[32]. These regulations finally lead to the decreased serum level of
iron. Thus, the low serum iron status observed in our study in-
dicates the increased iron accumulation in macrophage and other
cells that store iron in normal condition. Given the important role
of iron in nearly all microorganisms, the increased intracellular iron
content facilitates the replication of SARS-CoV-2 in host cells which
exacerbates the damage to host [33]. Except for the direct effect on
virus, iron status also has an impact on the host immune system.
Through the generation of reactive oxygen species and activation of
IkB kinase, increased intracellular iron resulting from infection
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upregulates the expression of inflammatory factors such as IL-6, IL-
8, and TNF-a, which in turn aggravates the iron accumulation in
host cells [34]. This feedback loop contributes to the “cytokine
storm” in COVID-19, which further increases the secretion of
vascular endothelial growth factors, monocyte chemoattractant
protein-1, as well as reduced E-cadherin on endothelial cells,
leading to the vascular hyperpermeability [35], and results in ARDS,
multiorgan failure, and eventually death when the high cytokine
concentrations are unabated over time [36,37]. Moreover, increased
serum ferritin level reflects the activation of the reticuloendothelial
system and generation of reactive oxygen species, thereby resulting
inmultiple organ dysfunction [38]. Meanwhile, the accumulation of
iron in host cells might be involved in the injury of multiple organs,



Fig. 2. Association between log-transformed serum levels of iron metabolism parameters and IL-6 concentration in COVID-19 patients. All iron metabolism parameters were log-
transformed in the linear regression. The model was adjusted for age, sex, and pre-existing comorbidities (including hypertension, diabetes, cardiac disease, cerebrovascular disease,
chronic pulmonary disease, chronic kidney disease, chronic liver disease, and tumor). The shaded area shows the 95% CIs. A: Log-transformed serum iron. B: Log-transformed serum
ferritin. C: Log-transformed serum transferrin. D: Log-transformed serum total iron-binding capacity. E: Log-transformed serum unsaturated iron-binding capacity. F: Log-
transformed serum transferrin saturation. G: Log-transformed serum soluble transferrin receptor.
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including heart, lung, liver, and kidney through ferroptosis, which is
a type of cell death triggered by excessive intracellular iron induced
peroxidation [39]. In our study, low serum iron status was associ-
ated with high level of pro-inflammatory cytokines, including IL-6,
IL-8, IL-2R, and TNF-a in the circulation, and we observed a
doseeresponse relationship between iron status and IL-6 concen-
tration, which could explain the association of low serum iron
status with the risk of adverse outcomes of COVID-19. These find-
ings gave a hint that manage the hypoferremia might be a possible
way for COVID-19 treatment. In addition, there are several clinical
trials aimed to assess the effect of iron chelator in COVID-19 pa-
tients (NCT04333550, NCT04333550) have been in progress.
However, this is only a preliminary hypothesis and more evidence
is warranted.

In the present study, the serum iron concentration of most
COVID-19 patients was in normal range. A longitudinal observation
study of ICU patients showed that serum iron increased to a normal
range during their hospitalization [40]. Given the emergency of
medical situation, the iron metabolism parameters were evaluated
during their treatment rather than at the onset of their hospitali-
zation, but the symptomatic treatments might increase iron con-
tent in the circulation, as the iron level in our studywas comparable
to posttreatment iron concentration in a recent case series [10].
However, in a relatively normal range, iron level was still a risk
factor of disease severity and multipleeorgan injury, which indi-
cated that including the iron metabolism parameters in routine
admission laboratory tests and strengthening surveillance of iron
metabolism in COVID-19 patients might have a positive effect on
the management of in-hospital patients during the COVID-19
pandemic.

Our study has several limitations. First, as an observational
study, though we performed multivariable-adjusted model to
control confounding effects, residual confounders and potential
bias could not be completely ruled out. Second, we did not estimate
the association of iron status with mortality because of low inci-
dence. Third, although our study has a larger sample size than other
studies in assessing the relationship between systemic iron status
and incidence of adverse outcomes, more prospective and larger
scale studies are warranted. Forth, hepcidin was not measured in
7

our study, which affected the interpretation of iron metabolism
regulation under the attack of this new pathogen. Finally, we did
not monitor the dynamic changes of the iron metabolism param-
eters in the whole course of disease progression, and more evi-
dence available in this area might allow a wider understanding of
SARS-CoV-2 pathophysiology.
5. Conclusions

We demonstrated that low serum iron status was associated
with high risk of severity and adverse outcomes in COVID-19 pa-
tients, and serum iron status was inversely related to the level of
pro-inflammatory cytokines. These findings indicated that low
serum iron status might be a risk factor for clinical outcomes, and
strengthening surveillance of iron metabolism might add clinical
value to predict disease progression among COVID-19 patients.
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