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Abstract

Background accompanied to the spreading of coronavirus disease 2019 (Covid-19) in the world, identifying factors
related to the severity of the disease is one of the interests of physician and medical researchers. We hypothesized
that interleukin 6 serum level is associated with severe outcome.

Methods In this longitudinal prospective cohort study we enrolled 208 confirmed COVID-19 patients who were
admitted to the Tohid Hospital (Sanandaj, Iran). Patients were classified into two groups based on IL-6 value in the
first day of admission, elevated (n=107) or not elevated/normal (n=101), and followed until the occurrence of final
outcome (death or discharge from the hospital). Data were analyzed using univariate methods, Chi-squared and
independent two sample T test. The relationship between the independent variables and our interesting outcomes
were investigated by multiple linear and penalized logistic regression modeling.

Results A total of 208 patients, 51% female and mean age 53.6+ 16.3 years, including 107 elevated and 101
non-elevated IL-6 patients, were followed. No significant difference was observed between the two groups in
demographic and clinical characteristics. Although not significant, logistic regression results showed that the chance
of death occurrence among patients with elevated IL-6 are 3.91 times higher. According to the multiple linear
regression modeling, elevated IL-6 significantly increased the duration of hospital stay (P=0.02). Frequency of ICU
admission (P=0.04) and mean of ICU stay (P=0.8) are also higher in elevated IL-6 group.

Conclusion This study revealed that elevated IL-6 is significantly related to prolongation of hospital stay in Covid-19
patients. Although not significant, the occurrence of death among patients who had increased IL-6 in the time of
admission was higher than patients with normal or lower serum levels of IL-6.
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Background

China had reported to the World Health organization
(WHO) on 31st December 2019 about the outbreak of a
novel corona virus (n-CoV) causing pneumonia in adults
in the city of Wuhan [1]. Despite fragmented interna-
tional efforts to contain the spread, SARS-CoV2 has
spread to more than 213 countries, since its formal iden-
tification [2]. The Covid-19 pandemic as a challenging
health issue during the recent years has about 2.3% crude
mortality rate. This infection has unpredictable hetero-
geneous disease course. Although the most confirmed
cases are mild, with cold-like symptoms to mild pneumo-
nia, near to 14% of patients experience the severe condi-
tions including serious pneumonia and breath shortness.
It should be noted that in about 5% of cases (critically
ill patients) disease can lead to developed respiratory
failure, septic shock or/and multi-organ failure which is
potentially life-threatening [3].

According to the laboratory study and pathological
examination, SARS-CoV-2 as a cytopathic disease can
have caused the first damage to the lung [4]. Accompa-
nied viral proliferation and amplification, host immune
response usually activated to clear the virus and cure the
patients although some cases had more severe disease
development like multiple organ dysfunction syndrome
(MODS) that is still unknown [5]. It seems cytokine
storm has an important role in the pathogenesis of severe
cases of COVID-19. Based on exist evidence, cytokines
are central to the pathophysiology of COVID-19; while
some of them are beneficial, others appear detrimental
such as interleukin-6 particularly in the context of the
cytokine storm [6]. In fact, various infectious or non-
infectious disease can be resulted in cytokine storms and
multiple organ damages [7]. An overproduction of IL-6
and dysregulation of the IL-6 signaling pathways can
result in inflammation and play an important role in the
human cytokine network [8].

In a study conducted by Luo et al., efficacy of tocili-
zumab (antibody against IL-6) in patients with
COVID - 19 has been evaluated. They demonstrated that
use of this medication, particularly in patients at risk of
developing chemokine storm secondary to COVID - 19
is encouraging [9]. IL-6 signaling plays a pivotal role in
controlling the differentiation and activation of T lym-
phocytes by inducing the Jak/STAT-3 and the Ras/Erk/C/
EBP pathways. In particular, IL-6 modulates the resis-
tance of T cells against apoptosis, induces activation of T
helper cells and controls the balance between regulatory
T cells and Th17 cells [10].

There are several studies that declared IL-6 blockade
is a promising strategy for COVID-induced CRS (Cyto-
kine Release Syndrome) and elevated IL-6 levels were
consistently reported in them and IL-6 might serve as a
predictive biomarker for disease severity [11]. Another
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large retrospective cohort study found that IL-6 levels
were correlated with mortality in patients with COVID-
19 [12]. However, some previous studies have shown an
association between IL-6 levels and COVID-19 disease,
there is a study that did not show any evidence of an
association between the two [13]. According to the study
of Yong Xiong et al., relatively lower expression levels of
IL-6 receptor were observed in bronchoalveolar lavage
fluid (BALF) of patients with COVID-19 in comparison
with healthy individual, and there are no significant dif-
ferences in peripheral blood mononuclear cells (PBMC),
suggests that IL-6/IL6R axis of cells in BALF and PBMC
might not be involved in the COVID-19 pathophysiol-
ogy [13]. Additionally, most of the previously conducted
research have retrospective design without attention to
the control of potential effects of confounding factors
such as age [11, 14, 15]. In this longitudinal study we
aimed to investigate the association between I1-6 and dis-
ease severity of COVID-19.

Methods

In this longitudinal cohort study, we initially included
210 confirmed COVID-19 patients, Kurdish ethnic, with
laboratory (PCR) confirmation of covid_19, who were
admitted to the Tohid Hospital in Sanandaj, the cen-
ter of Kurdistan province, Iran, between September 11
and December 28, 2021. The time frame of conducting
this study coincided with the prevalence of Delta strain,
highly contagious SARS-CoV-2 virus strain, in Kurdistan
province. In addition to definite diagnosis of COVID-19,
age=>15, and not pregnancy were our inclusion criteria
for study subjects. Patients younger than 15, patients who
had missing data on IL-6 levels or other study variables,
patients who had positive pregnancy test during the data
collection were excluded from the study. Two patients
were excluded from the study due to referral to another
treatment center outside the province during the follow-
up, and 208 cases were remained that their data entered
to the analysis.

Data collection, follow up and outcomes

Detailed patient information, including demographic
characteristics, result of SARS-CoV-2 nucleic acid detec-
tion, history of comorbidities and drug uses, laboratory
findings, computed tomography (CT) findings, length
of hospital stay, oxygen support, and illness severity on
admission was collected from the patient records stored
in the hospital information management system and
entered into a customized Excel form. Patients were fol-
lowed during hospitalization and those who were died
or transferred to ICU or another hospital inside the
Sanandaj city were checked and followed up. In first
day of admission, for each patient, serum sample was
obtained in the first day of hospitalization and is sent to
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the central pathobiology laboratory to assess the IL-6. In
the central laboratory, IL-6 values were measured using
Electrochemiluminescence methods in COBAS e 411
analyzer. Based on the IL-6 values patients were divided
into two groups; those with IL-6 higher than cut-off or
elevated IL-6 (exposed group) and lower than cut-off
or not elevated IL-6 (unexposed group). The patients of
both groups were followed up until the occurrence of
final outcome (death or remission and discharge from the
hospital).

In addition to the final/main outcome (death or recov-
ery and discharge from the hospital), duration of hospital
stays due to Covid-19 is another main outcome that mea-
sured for the patients. Admission in intensive care unit
(ICU) and duration of ICU stay, were secondary interest-
ing outcomes that were evaluated and compared between
the two groups.

Ethical consideration

The study protocol was reviewed and approved by the
Research Ethics Committee of Kurdistan University of
Medical Sciences (ethics code: IR.MUK.REC.1400.067).
before the data collection the research objectives and
study protocol were explained for each of the participants
and written informed consent was obtained.

Statistical analysis

Statistical analyses were conducted in Stata Statistical
Software version 16 (Stata Corp. 2019. Stata Statisti-
cal Software: Release 16. College Station, TX: StataCorp
LLC). Data were summarized using descriptive statistics
such as mean, standard deviation (SD), frequency and
percent. Normality assumption of quantitative data was
checked by Kolmogorov—Smirnov. Normally distributed
variables were expressed as meanSD and were ana-
lyzed by independent samples t-test. Multiple linear and
penalized Logistic regression was used to evaluate the
relationship between independent variables and two our
interesting outcomes including hospital stay and death
resulting from covid-19, respectively.

Results

A total of 208 covid-19 patients, 101 patients in the
increased IL-6 group and 107 patients in the control
group or non-increased IL-6 group, at the time of admis-
sion were investigated. demographic and clinical charac-
teristics of study participants are detailed in Table 1.

As shown in Table 1, no significant differences
observed between the two groups regarding demographic
and clinical characteristics. Table 2 indicates the mean of
hospitalization days and frequency of ICU admission and
death as main outcome of the study in the study groups.

As indicated in Table 2, the mean duration of hospi-
tal stay in patients with increased IL-6 was significantly
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3.3 days higher than those who have no increased IL-6.
Frequency of ICU admission and death in patients with
increased IL-6 (7.9%) was also more than no-increased
IL-6 group (0.04). although not significant but the mean
of ICU stays in increased IL-6 group approximately 1.4
days higher than no-increased IL-6 group (p=0.82). in
Table 3, univariate and multivariate analysis to assess the
potential association between death and studied variables
are summarized.

The results of multiple penalized logistic regression
modeling to assess the relationship between death from
covid-19 and independent variables such as increased
IL-6 demonstrated that age is only significant factor for
death (OR=1.07, P=0.03). Albeit not significant but
chance of death in Increased IL-6 patients 3.91 times was
higher than non-increased IL-6 group. Another impor-
tant factor was diabetes so that patients with type-2 dia-
betes had higher risk of death in comparison with those
who have not (OR=4.17, P=0.07).

Another main interesting outcome was hospital stay.
The results of multiple linear regression modeling
(Table 4) showed that increased temperature (P=0.02)
and Increased IL-6 (P=0.01) are significantly related
to the length of hospital stay. Although not significant,
increased age was another factor that related which
has been associated with an increase in the duration of
hospitalization.

Discussion

This study is conducted to evaluate the disease severity
based on values of IL-6 among covid-19 patients. The
analysis demonstrated that elevated IL-6 was related
to the poorer outcome so that duration of hospital stay
and mortality were higher in patients with elevated IL-6
at the onset of hospital admission. According to the
results of any previous studies, IL-6 as a potent proin-
flammatory cytokine can stimulate c-reactive protein
(CRP) and has been introduced as a trigger of the cyto-
kine storm in COVID-19 [16-20]. In this study we evalu-
ate the relationship between serum level of IL-6 in the
time of admission and disease severity among Covid-
19 patients. Our results indicated that elevated IL-6 are
associated with longer hospital stay and higher mortality
that consistent with the results of previous studies. Ked-
die et al., showed that IL-6,CRP and interleukin 10 (IL-
10) are strongly correlated with the illness severity [21].
Zulvikar Syambani Ulhaq et al. also indicated that IL-6
has major importance because of its pleiotropic effects
and circulating IL-6 serum levels can be closely linked
to the severity of infection in Covid-19 [22]. Association
between IL-6 increasing and respiratory dysfunction has
been addressed previously which imply a possible shared
mechanism of cytokine-mediated lung damage resulted
from SARS-CoV-2 infection [23]. Additionally, highly
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Table 1 Demographic and clinical characteristics of study participants
Elevated IL-6 group, n=101 Normal or non-elevated IL-6 P
group, n=107 value

Age (year), mean+SD 555741712 517241529 0.09

BMI, mean+SD 2750+ 4.27 27904 473 0.52

Sex, n (%) Female 45 (42.5) 61(57.5) 0.07
Male 56 (54.9) 46 (45.1)

HTN, n (%) No 73 (47.1) 82(52.9) 047
Yes 28 (52.8) 25 (47.2)

DM, n (%) No 81 (48.8) 85(51.2) 0.89
Yes 20 (47.6) 22 (52.4)

COPD, n (%) No 100 (49.5) 102 (50.5) 0.21
Yes 1(16.7) 5(83.5)

CVD, n (%) No 92 (484) 98 (51.6) 0.90
Yes 9 (50) 9 (50)

Cancer, n (%) No 99 (49.7) 100 (50.3) 0.17
Yes 2(222) 7(77.8)

CRF, n (%) No 96 (48.0) 104 (52.0) 0.49
Yes 5(62.5) 3(37.5)

Autoimmune disease, n (%) No 98 (48.0) 106 (52.0) 0.29
Yes 3(75.0) 1(25.0)

RA, n (%) No 92 (47.7) 101 (52.3) 0.36
Yes 9 (60.0) 6 (40.0)

Dyslipidemia, n (%) No 96 (49.2) 99 (50.8) 045
Yes 5(38.5) 8(61.5)

Asthma, n (%) No 95 (49.2) 98 (50.8) 0.50
Yes 6 (40.0) 9 (60.0)

SBP, mean+SD 132634 19.83 1313241710 061

DBP, mean+SD 81.59+ 1441 82.784 9.87 0.49

T, mean+SD 36.834 0.69 3660+ 048 0.99

RR, mean+SD 2067 £ 7.16 20.58 4 7.20 0.93

h, mean+SD 92254 18.32 92.704 14.11 0.84

O, SAT, mean+SD 89.80+ 6.28 91.604 4.96 0.23

WBC, mean+SD 5994 293 5514 243 0.21

Neutrophil, mean+SD 7847 4 866 77644 9.67 0.54

NLR, mean +SD 463+ 274 494+ 524 0.63

Platelet, mean+SD 186.554 71.35 198.05 4= 90.60 032

AST, mean+SD 41.87 £ 24.68 43,66+ 40.38 0.71

ALT, mean+SD 39.37 4 35.10 40.95 4 36.13 0.75

CRP, mean+SD 73914 54.30 7497 £ 4992 093

BMI: Body mass index; HTN: Hypertension; DM: Diabetes mellitus; COPD: Chronic obstructive pulmonary disease; CVD: Cardiovascular disease; CRF: Chronic renal
failure; RA: Rheumatoid arthritis; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; T: Temperature; RR: Respiratory rate; HR: Heart rate; NLR: Neutrophil to
lymphocyte ratio; AST: Aspartate aminotransferase; ALT: alanine transaminase; CRP: C-reactive protein

Table 2 Mean of hospital stay and frequency of ICU admission

and death in studied patients

pathogenic SARS-CoV-2 can be associated with rapid
replication of virus and a tendency to involve the lower

respiratory system, resulting in an elevated response of

IL-6-induced severe respiratory distress. Thus, these evi-
dences suggest that immediately initial evaluation after
hospitalization and serial measurement of IL-6 may be
has an important role in assessing worsening clinical fea-

tures and disease progression among Covid-19 patients.
It should be noted that in addition to the association
between IL-6 and Covid-19, increasing in IL-6 level has

Elevated Normal ornon- P
IL-6 group, elevated IL-6 value
n=101 group, n=107
Hospitalization duration 10.00+867 6.69+4.56 0.001
ICU stay duration 888+794  7.50+6.36 0.82
ICU admission, n (%) No 93(92.1) 105 (98.1) 0.041
yes 8(7.9) 2(1.9)
Death, n (%) No 93(92.1) 105 (98.1) 0.041
yes 8(7.9) 2(1.9)

been proven to be a good biomarker for disease severity
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Table 3 Penalized logistic regression results of relationship
between death and studied factors

Un-adjusted Adjusted
OR (95%Cl) P OR (95%Cl) P
value value

Age 1.08 (1.03-1.14)  0.002 07 (1.0 13) 0.03
Sex, male 1.59(044-5.82) 048 (O 28-5. 06) 0.81
BMI 0.87(0.77-0.99) 0.038 091(0.77-1.09) 0.30
Temperature 0.87 (0.28-2.68) 0.81 0.71 (0.14-3. 63) 0.68
HTN 0.72 (O 15-3.50) 0.68 0.26 (0.04-1.51) 013
Diabetes 435(1.20-15.81) 0.021  4.17 (0.91-1 9.07) 0.07
Increased IL-6, 452 (O 93-21.80) 0.051 3.91(0.68-2244) 0.12

cases

Table 4 Multiple linear regression results of relationship
between studied variables and average length of stay in hospitals

Coef. (95%Cl) P
value
Age 0.057 (-0.001-0.115) 0.05
Sex, male 0.785 (-0.934-2.505) 037
BMI 0.001 (—0.004-0.006) 0.79
Temperature 1.629 (0.213-3.045) 0.02
HTN -0.963 (-3.156-1.229) 0.39
Diabetes -0.211 (-2.469-2.047) 0.85
Increased IL-6, cases 2.104 (0.390-3.817) 0.01

R-squared=0.12, p=0.002

in other viral infections such as hepatitis B virus (HBV)
[24].

In general, inflammation is closely associated with the
covid-19 severity. Jing Gong et al. in a retrospective study
have shown that some inflammation-related parameters
such as tumor necrosis factor a (TNFa), IL-6, interleu-
kin-2 receptor (IL2R), interleukin-8 (IL-8), interleu-
kin-10 (IL-10), CRP, ferroprotein, procalcitonin, white
cell counts (WBC), lymphocyte counts (LC), neutrophil
count (NC) and eosinophil counts (EC) are correlated to
severity of COVID-19 [25].

In addition to the association between the increased
IL-6 level and disease severity, the other factor which was
related to the outcome in our data modeling was age so
that the frequency of death and length of hospital stay
increased with age. This finding is consistent with the
studies of Jing Gong [25], Huang [26], Zhou [27], Wang
[28] and Chen [29]. In a study conducted by Mohamed
El-Shabrawy et al, indicated that C-reactive protein/
albumin ratio along with interleukin 6, is another bio-
marker of disease severity [30], although we did not
examine this biomarker in the present study.

In this study we investigated the association between
disease severity and some demographic and clinical vari-
ables such as diabetes mellitus, hypertension, BMI, age
and gender. According to a review study, elderly age,
male gender, preexisting hypertension, diabetes, obe-
sity, COPD, tumor, immunodeficiencies, pregnancy,
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thromboembolism, coagulation disorders, leukocyto-
sis, lymphopenia, eosinopenia, elevated serum levels of
D-dimer, LDH, AST and ALT, BUN and creatine, cTnl,
CRP, PCT, IL-6, IL-1p, KL-6, ferritin, higher CT pneumo-
nia score, high number of affected pulmonary lobes, and
smoking are major risk factors of severe clinical course
and outcomes in patients with COVID-19 [31]. Indeed,
assessment of all potential related factors require further
studies with higher sample size and multicenter design.

Our study has some limitations. First, the number
of two study groups was small due to the single cen-
ter design of the study. Second, clinical data and some
inflammatory response markers such as C-reactive pro-
tein (CRP), erythrocyte sedimentation rate (ESR) and
plasma viscosity (PV) were limited. Lacking of sufficient
data such as date of onset of symptoms to conduct the
cox regression model based on the time until the desired
event (death) is another limitation of the study. Based on
the review of the literature, most of the previous studies
that investigated the role of IL-6 in the severity of covid-
19 infection were done retrospectively, and the longi-
tudinal and being straightforward design of the present
study is considered to be its most important strength.
Although, a few studies have been done on Iranian covid-
19 patients previously [32, 33], the current research is a
first report among Kurdish population in Iran.

Conclusion

In conclusion, based on our data, serum levels of IL-6
are significantly associated with the Covid-19 sever-
ity as independent factor to predict outcome risk. This
study revealed that increased IL-6 is significantly related
to prolongation of hospital stay in Covid-19 patients.
Although not significant, the occurrence of death among
patients who had increased IL-6 in the time of admission
was higher than patients with normal or lower serum lev-
els of IL-6.
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