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Abstract 
Cytokines, notably interleukin-6 (IL-6), increase considerably in patients with severe corona virus disease 2019 (COVID-19). This 
vigorous immune response may cause end-organ failure or death; hence, measuring IL-6 in the context of patient characteristics 
may help predict outcomes and encourage early comprehensive therapy. This study investigated the association between serum 
IL-6 levels, COVID-19 severity, and demographic, clinical, and biochemical characteristics. COVID-19 inpatients in NMC hospitals 
were investigated between November 2020 and November 2021. Several patient variables related to serum IL-6 and COVID-19 
severity have been examined. The study included 374 COVID-19 inpatients, 235 of whom had severe disease with a median 
age of 51. The elderly had an increased risk of severe COVID-19 (73.8%) compared with young adults (71%), with higher white 
blood cells, D-dimer, Lactate dehydrogenase, creatinine, ferritin, prothrombin time, Procalcitonin, and fibrinogen levels (P < .001). 
C-reactive protein, troponin, intensive care unit admission, disease severity score, and mortality were significantly associated with 
higher serum IL-6 levels (P = .05) in the univariate analysis, but this significance disappeared in the multivariate analysis. IL-6, 
along with other demographic and clinical variables affected COVID-19 severity. These characteristics may predict patients at 
risk of severe disease and assist in establishing early comprehensive disease outcome strategies. Large-scale clinical research is 
needed to emphasize IL-6 and COVID-19.

Abbreviations:  ARDS = acute respiratory distress syndrome, COVID-19 = coronavirus disease 2019, CRP = C-reactive 
protein, ICU = intensive care unit, IL-6 = interleukin-6, WHO = World Health Organization.

Keywords: acute respiratory distress syndrome, COVID-19, cytokine storm, interleukin-6, obesity, severity

1. Introduction
On December 31, 2019, the World Health Organization (WHO) 
China Country Office was informed of cases of pneumonia of 
unknown etiology detected in Wuhan City, Hubei Province, 
China, which was later defined as coronavirus disease 2019 
(COVID-19).[1] In the early stages of COVID-19, patients often 
experience flu-like symptoms, such as fever, cough, fatigue, 
body aches, sore throat, and headache. However, it is crucial 
to note that COVID-19 can present with a wide range of symp-
toms and some individuals may remain asymptomatic. This 
variability underscores the need for a comprehensive under-
standing of COVID-19’s diverse manifestations.[2,3] On the 

other hand, others may develop more severe symptoms, such 
as pneumonia, acute respiratory distress syndrome (ARDS), 
or multiorgan dysfunction. The wide spectrum of COVID-19 
severity makes it a complex and unpredictable disease and the 
course of the illness can vary significantly among individuals. 
Many patients with COVID-19 develop ARDS, which is occa-
sionally accompanied by multiorgan failure.[4] Comorbidities 
such as diabetes mellitus, cardiovascular disease, and hyper-
tension increase the risk of mortality due to COVID-19.[5] A 
cytokine storm, defined by the overproduction of molecules 
associated with inflammation, such as interleukin-6 (IL-6), 
C-reactive protein (CRP), and ferritin, has been proposed 
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as the pathophysiology of the severe form of COVID-19.[6] 
One of the most crucial components of the cytokine network 
engaged in the immune defense system is that the IL-6.[7] The 
IL-6 pathway is associated with immune control and immu-
nological dysregulation. Increased IL-6 levels also reflect the 
stress response observed during viral infection or acute inflam-
mation.[8] Recent research has shown that IL-6 controls several 
metabolic processes including glucose intake, glycolysis, fatty 
acid oxidation, and oxidative phosphorylation. Additionally, 
numerous diseases caused by viral infections have significantly 
higher levels of IL-6 expression, which is positively correlated 
with disease severity.[9] Inflammatory cytokine levels have 
been shown to be considerably higher in severe COVID-19 
cases than in mild cases, with IL-6 being a critical mediator of 
hyperinflammation.[6] The goal of this study was to examine 
the potential factors that influence serum interleukin-6 levels, 
as well as their relationship to COVID-19 disease outcomes 
in an ethnically diverse population living in the United Arab 
Emirates.

2. Methods
This was an observational retrospective study. This study was 
conducted on patients previously admitted to 2 major tertiary 
care hospitals in the United Arab Emirates between November 
2020 and November 2021. The inclusion criteria of our study 
consisted of COVID-19 patients aged > 18 years who were 
collected from electronic medical records and included demo-
graphic, clinical assessment, laboratory measurements, imag-
ing, and COVID-19-related outcomes. Complete blood count, 
liver function test results, and C-reactive protein (mg/L), 
D-dimer (ng/mL), fibrinogen (mg/dL), ferritin (ng/mL), and 
IL-6 (pg/mL) levels were also collected. A real-time reverse 
transcription-polymerase chain reaction test on a nasopharyn-
geal swab sample was used to detect severe acute respiratory 
syndrome coronavirus 2. An Xybio Extraction Kit (Korea) 
was used for RNA extraction. For reverse transcription-poly-
merase chain reaction analysis, Bio-Rad Cycler PCR (USA) 
was used in conjunction with Solgent 2019-nCoV Real-Time 
Reverse Transcription PCR Kit. A CFX-96 plate reader (Bio-
Rad) was used for viral detection. Cycle threshold values (Ct 
values) > 40 were considered positive, whereas computed 
tomography values < 40 were considered negative. Data for 
chest radiography and/or chest computed tomography were 
obtained from patients at the time of admission and through-
out the follow-up period. Severe COVID-19 outcomes were 
assessed using the WHO Severity Scale for COVID-19, and 
clinical progress was assessed using the WHO recommenda-
tions. The IL-6 test was performed by measuring serum IL-6 
concentrations using an enzyme-linked immunosorbent assay. 
The tests were conducted at the UAE National Reference 
Laboratory. LabCorp Burlington, 1447 York Cort, Burlington, 
NC 27215-3361, created the test. In this study, the nor-
mal serum IL-6 levels ranged from 0.0 to 15.5 pg/mL. Only 
patients who met the inclusion criteria were included in this 
study. In total, 374 patients were recruited for this study. Data 
were analyzed using SPSS version 28 (Statistical Package for 
the Social Sciences). P values equal to or < .05 were deemed 
significant. Continuous data are presented as means and stan-
dard deviations for normally distributed data and medians and 
interquartile ranges for non-normally distributed data, while 
categorical data are presented as frequencies and percentages. 
The Kolmogorov-Smirnov test was employed to assess the real 
distribution of continuous data. In addition, we used binary 
logistic regression to identify predictors that were genuinely 
related to a higher level of IL-6 (above 48.8 pg/mL) (dependent 
variable) using the following 2 models (1st curve odds ratio 
(no-adjusting), 2nd correcting for all covariates).

3. Results

3.1. Severity index based on base line characteristic

This retrospective analysis comprised 374 COVID-19 patients. 
Age, IL-6 level (pg/mL), comorbidities including hypertension 
and diabetes mellitus, intensive care unit (ICU) admission, high-
flow, noninvasive high-flow oxygen, noninvasive ventilation, 
and invasive mechanical ventilation all had a statistically signif-
icant relationship with the severity index (P = .01). The median 
age of the patients with a severity index was 51 years, with 
the elderly accounting for 73.8% of severe cases, whereas the 
majority of non severe cases (71%) were young. Almost all of 
the study population (94%) had IL-6 levels over 43.5, indicating 
severe COVID-19, whereas 29.8% had IL-6 levels below 43.5, 
indicating non severe COVID-19. (Table 1).

3.2. The deference of median of severity index based on 
base line characteristic

Severe COVID-19 cases in the study group showed greater 
levels of IL-6 than non severe patients (median = 48.8, 
P = .001). Furthermore, non severe patients had lower 
levels of white blood cell and CRP than severe patients 
(median = 6.31 × 10^3/μL, P = .001) (median = 18 mg/L, 
P = .001). Furthermore, patients with severe COVID-
19 had greater ferritin levels than non severe patients 
(median = 930.85 ng/mL, P = .001). The neutrophil count 
was higher in patients with severe disease (median = 85.24%, 
P = .001), whereas the lymphocyte count was considerably 
lower (median = 24.9%, P = .001). Furthermore, individuals 
with severe COVID-19 difficulties had higher fibrinogen lev-
els than non severe cases (mean = 636.16, SD = 164,63 mg/
dL, P value .001).(Table 2).

3.3. Kendall tau b correlation coefficient for all variables

There was a slight positive correlation between IL-6 levels in 
COVID-19 patients and CRP, fibrinogen, and procalcitonin 
levels (RS = 0.25, P value .001), (RS = 0.31, P value .001), and 
(RS = 0.24, P value .001). There was a statistically significant 
moderate correlation between CPR and D-DIMER, Lactate 
dehydrogenase, fibrinogen, and procalcitonin (Rs = 0.32, P value 
.001), (RS = 0.49, P value .001), and (RS = 0.40, P value .001), 
respectively. Lactate dehydrogenase, procalcitonin, and fibrino-
gen levels, however, had statistically significant weak-to-mod-
erate correlations (RS = 0.29, P value .001) and (RS = 0.34, P 
value .001), respectively. (Table 3).

3.4. Association between IL-6 of patients with COVID-19 
and variables

When we performed a non-adjusted logistic regression analysis 
among patients with COVID-19, we discovered that 5 out of 
13 predictor variables were significantly associated with IL-6 
levels, including ICU admission, CRP, troponin, and severity 
index (P value < .05). Patients with CRP levels > 10 mg/L were 
more likely to have higher levels of IL-6 than those with CRP 
levels < 10 mg/L (COR = 11.52, P value = .022). Additionally, 
severe cases who were admitted to the ICU demonstrated 
3.27 times greater existence of high levels of IL-6 levels than 
those who did not (P value = .006). Patients who died had a 
higher risk of having an IL-6 level than those who improved 
(COR = 14.32, P value = .012). Regarding troponin levels, the 
study population with troponin levels above 0.04 ng/mL has a 
higher likely to have higher levels of IL-6 than others with tro-
ponin levels below 0.04 ng/mL (COR = 3.73, P value = .021). 
(Table 4).
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3.5. Non-adjusted cox regression among patients with 
COVID-19 depending on levels of IL-6

We conducted a non-adjusted Cox regression analysis to detect 
the relative risk of death among COVID-19 patients based 
on levels of IL-6. No statistically significant associations were 
observed between variables. (P > .05), respectively. (Table 5).

4. Discussion
The inflammatory response against COVID-19 virus is accused 
of development COVID-19-related complications. Evidence 
suggests that an imbalanced proinflammatory immune response 
may contribute to the development of the most life-threaten-
ing stages of the disease. Accordingly, high levels of circulating 
cytokines and acute-phase reactants are associated with poor 
outcomes in COVID-19 patients.[10]

Our study found that the likelihood of experiencing severe 
COVID-19 disease is strongly related to age, with the elderly 
being considerably more likely to experience extreme disease 
than young people. A similar conclusion was reached in a study 
in Dubai, which found that the severity of COVID-19 was 4.7 
times higher in older people than in young adults.[11] In addition 
to age-related immune system alterations, this finding may also 
be explained by the fact that older patients tend to have more 
chronic illnesses (hypertension, coronary artery disease, and dia-
betes), which worsen patient outcomes.

Although our results revealed that the connection between 
gender and severe COVID-19 disease was not statistically sig-
nificant, many other studies have indicated that males are more 
vulnerable to developing a critical disease than females.[12,13] 
These studies attributed their findings to differences in sex 
hormones and immune-related genes found on the X chromo-
some; however, the effect of sex on the development of chronic 

COVID-19 is not fully understood and additional research is 
required. We also discovered a significant correlation between 
IL-6 serum levels and the severity of COVID-19, as patients 
with elevated IL-6 levels (above 43.5 pg/mL) were found to be 
94.4 percent more likely to experience severe disease, and sev-
eral studies from Finland and China support these findings.[14,15] 
Moreover, a meta-analysis of 44 articles confirmed a link 
between COVID-19 severity and high IL-6 levels.[16] The ability 
of cytokines (including IL-6) to cause epithelial and endothelial 
cell death and increase vascular permeability, which contributes 
to the development of ARDS and even death, is thought to be 
a strong association between cytokine storms and the progres-
sion of COVID-19 disease from moderate to severe and criti-
cal stages.[16–18] We discovered that respiratory illnesses such as 
asthma and COPD had no effect on the severity of COVID-19 
infection (P > .05); a similar conclusion was reported by another 
Danish study.[19] However, a cohort study in England reported 
that all respiratory diseases were related to an elevated risk of 
hospitalization in patients with COVID-19 compared to those 
without respiratory diseases.[20] Further research into the sever-
ity of COVID-19 infection in individuals with lung disorders, 
such as Bronchial Asthma and chronic obstructive pulmonary 
disease, is needed.

A substantial difference in various laboratory values was 
observed in severe cases, such as D-dimer, which increased 
significantly in severe cases (507.5 ng/mL) compared to non 
severe cases (0.61 ng/mL). A similar finding was reported by 
12 of the 13 studies included in another meta-analysis study.[21] 
Additionally, researchers were able to use D-dimer levels as a 
biomarker to predict the severity of COVID-19 infection and 
assess the need to provide more aggressive care.[22] These findings 
support the hypothesis that COVID-19 could adversely affect 
the function of the hemostatic system, causing thrombophilia 
and an increased tendency to form clots.[23] A study in New 

Table 1 

Severity index based on base line characteristic.

Variable Categories 

Severity index

Missing 

P value 

Severe Non severe

N % N % N % 

Age (median - interquartile range) (51–22) (39–35) 0 0% <.001
Age group Child 0 0.0% 29 100.0% 0 0% <.001

Young adults 9 29.0% 22 71.0%
Middle-aged adults 68 68.0% 32 32.0%
Old-aged adults 158 73.8% 56 26.2%

Sex Female 74 57.4% 55 42.6% 0 0% .113
male 161 65.7% 84 34.3%

IL-6 level group Under 43.5 40 70.2% 17 29.8% 266 70.6% .001
Above 43.5 51 94.4% 3 5.6%

Blood group A 8 66.7% 4 33.3% 299 79.3% .165
B 20 87.0% 3 13.0%
AB 3 60.0% 2 40.0%
O 23 60.5% 15 39.5%

RH Negative 4 50.0% 4 50.0% 301 79.8% .168
Positive 50 73.5% 18 26.5%

Co morbidity hypertension No 136 57.1% 102 42.9% 1 0.3% .002
Yes 99 73.3% 36 26.7%

Co morbidity diabetes mellitus No 133 58.3% 95 41.7% 1 0.3% .019
Yes 102 70.3% 43 29.7%

Co morbidity -lung disease, asthma, COPD No 219 63.1% 128 36.9% 3 0.8% .640
Yes 14 58.3% 10 41.7%

ICU admission No 51 27.9% 132 72.1% 2 0.5% <.001
Yes 183 96.8% 6 3.2%

HF-NIV high-flow oxygen -non-invasive ventilation No 171 55.2% 139 44.8% 14 3.7% <.001
Yes 50 100.0% 0 0.0%

Invasive mechanical ventilation No 147 51.4% 139 48.6% 1 0.3% <.001
Yes 87 100.0% 0 0.0%

ICU = intensive care unit, IL-6 = interleukin-6.



4

Hafez et al.  •  Medicine (2023) 102:45� Medicine

Table 2 

The deference of median of severity index based on base line characteristics.

Variable Severity index 

Valid Missing

P value Median - IQR N Percent 

IL-6 level Severe 48.8–107.1 266 70.6% <.001
Non severe 11.05–19.1

WBC Severe 9.27–9.79 4 1.1% <.001
Non severe 6.31–4.75

Hemoglobin Severe 13.1–3.1 3 0.8% .880
Non severe 12.8–2.7

Platelets Severe 236–191.8 4 1.1% .497
Non severe 241–148.5

CRP Severe 122–143 5 1.3% <.001
Non severe 18–46

D-dimer Severe 507.5–1600 39 10.3% <.001
Non severe 0.61–1

LDH Severe 471–308 68 18.1% <.001
Non severe 251–133

ALT at time of hospital admission Severe 47–55 62 16.5% <.001
Non severe 34–29

AST at time of admission Severe 52.5–48.5 61 16.2% <.001
Non severe 34–28

Creatinine Severe 0.9–0.49 25 6.6% <.001
Non severe 0.78–0.39

Neutrophil count Severe 85.24–12.65 3 0.8% <.001
Non severe 68.15–24.07

Lymphocyte count Severe 15.3–14.6 5 1.3% <.001
Non severe 24.9–21.33

NLR neutrophil to lymphocyte ratio Severe 5.2–3.7 335 88.9% <.001
Non severe 2.8–3.11

RDW-CV red blood cell width Severe 13.7–2.5 3 0.8% .064
Non severe 13.4–2.3

Ferritin Severe 930.85–1301 49 13% <.001
Non severe 257–417

PT Severe 15–2.4 160 42.4% <.001
Non severe 14–2

INR Severe 1.13–0.22 160 42.4% <.001
Non severe 1.05–0.1

Troponin I Severe 0.02–0.07 128 33.9% <.001
Non severe 0.002–0.01

Procalcitonin Severe 0.18–0.57 100 26.5% <.001
Non severe 0.06–0.12

Glucose Severe 18–151.5 151 40.1% <.001
Non severe 5.4 - 4

Fibrinogen Severe 636.16–164.63 186 49.3% <.001
Non severe 489.99–152.06

CRP = C-reactive protein, IL-6 = interleukin-6, INR = International normalized ratio, LDH = Lactate dehydrogenase, NLR = Neutrophil to lymphocyte ratio, PT = prothrombin time, RDW-CV = red blood cell 
width, WBC = white blood cell.

Table 3 

Kendall tau b correlation coefficient for all variables.

IL-6 level CRP D-dimer LDH Fibrinogen Procalcitonin 

IL-6 level RS _ 0.253 0.119 0.115 0.312 0.245
P value <.001 .066 .075 .001 <.001

CRP RS _ _ 0.326 0.327 0.497 0.405
P value <.001 <.001 <.001 <.001

D-dimer RS _ _ _ 0.374 0.234 0.339
P value <.001 <.001 <.001

LDH RS _ _ _ _ 0.344 0.290
P value <.001 <.001

Fibrinogen RS _ _ _ _ _ 0.159
P value .007

Procalcitonin RS _ _ _ _ _ _
P value

CRP = C-reactive protein, IL-6 = interleukin-6, LDH = Lactate dehydrogenase.
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York confirmed that the elevation of both CRP and D-dimer 
concentrations had the greatest risk of adverse events,[24] which 
is similar to our results that indicated a rather higher value of 
CRP in severe cases compared to modest COVID-19 infection 
(122 mg/L and 18 mg/L, respectively). The increasing levels of 
IL-6, which are considerably high in severe cases, play a critical 
role in inducing CRP synthesis.[25] Another interesting finding 
was that the severity of the disease was associated with the lev-
els of liver enzymes at the time of hospitalization (P < .001), 
as AST and ALT levels increased moderately in patients with 
severe cases compared to patients with non severe COVID-19 
infection. Similarly, a meta-analysis confirmed that the increase 
in liver enzymes in COVID-19, even in the severe phase, was 
moderate in most cases.[26] This elevation may not be solely the 
result of viral infection but may also be attributable to the cyto-
kine storm and the use of multiple medications during hospi-
talization (antivirals, antibiotics, and analgesics), both of which 
can negatively impact liver function. Spearman correlation 
coefficient was used to study the associations between different 
laboratory variables. Our results showed a moderately positive 
correlation between CRP and Procalcitonin (RS = 0.405 mg/L); 
a similar moderate correlation was reported in a study in Serbia 
(RS = 0.423 mg/L).[27] These 2 proteins are produced at high 
levels during the inflammatory response; thus, it is evident that 
both would elevate COVID-19 infection.

Although we discovered a statistically significant link 
between rising IL-6 levels and the mortality rate (COR = 14.32, 
P = .012), this relationship disappeared after correcting our 
data for other covariates (P = .99). These findings indicate that 
IL-6 level alone may not be an accurate predictor of mortality 
in COVID-19 patients. A meta-analysis of 17 studies found 
that IL-6 levels correlated with disease severity; however, they 
should not be used exclusively to predict mortality.[28] Possible 
impact of other patient characteristics on COVID-19 disease 

outcomes. Recent studies have shown elevated levels of CRP, 
neutrophils, and lymphopenia in COVID-19 patients.[29] These 
findings, along with the emphasis of our study on the signif-
icance of IL-6 and CRP as key inflammatory markers asso-
ciated with COVID-19 severity, support the critical role of 
inflammation in the pathogenesis of severe COVID-19. Our 
study also established specific cutoff points for these mark-
ers, making them potential tools for identifying patients at 
risk of developing severe disease. The convergence of these 
results across studies reinforces the significance of these 
inflammatory markers as valuable indicators of COVID-19 
severity and highlights their potential utility in guiding clini-
cal decision-making.

5. Strength and limitations
The significance of our research lies in its focus on the severity 
of COVID -19 infection and its relationship with IL-6 through 
comparison with various demographic, clinical, and biochem-
ical characteristics, which in turn would guide researchers to 
conduct future studies that could help predict patient outcomes 
based on these variables. Furthermore, it includes a wide variety 
of demographic clinical features and laboratory parameters of 
COVID-19 patients from a major tertiary care hospital in the 
UAE, which would supplement the literature with data from 
this location, in addition to the multiethnic group addressed 
in this study. This study had certain limitations that should be 
acknowledged. The sample size was modest, and some con-
founding variables, such as body mass index, could not be 
explored. Furthermore, missing data cannot be prevented in ret-
rospective observational studies that use EHR data, which may 
skew or distort our results. Future studies with larger sample 
sizes and longitudinal data on disease development during hos-
pitalization are required.

Table 4 

Association between IL-6 of patients with COVID-19 and variables.

Variable Categories 

IL-6 level

P value COR 

95% CI for B

Lower Upper 

Age group Young adults Ref
Middle-aged adults .634 0.679 0.138 3.342
Old-aged adults .205 2.667 0.586 12.145

SEX Female Ref
male .286 0.608 0.244 1.517

CRP group Under 10 Ref
Above 10 .022 11.522 1.421 93.453

D-dimer group Under 500 Ref
Above 500 .304 1.481 0.7 3.133

LDH group Under 333 Ref
Above 333 .593 1.262 0.538 2.956

Fibrinogen group Under 400 Ref
Above 400 .777 1.312 0.200 8.624

Blood group A Ref
B .083 0.119 0.011 1.323
AB .501 0.333 0.014 8.182
O .107 0.148 0.015 1.510

Died No Ref
Yes .012 14.326 1.780 115.282

ICU admission No Ref
Yes .006 3.279 1.412 7.615

Troponin group Under 0.04 Ref
Above 0.04 .021 3.733 1.222 11.401

Severity index Severe Ref
Non severe .003 0.138 0.038 0.505

RH Negative Ref
Positive .503 0.533 0.085 3.351

COVID-19 = coronavirus disease, CRP = C-reactive protein, ICU = intensive care unit, IL-6 = interleukin-6, LDH = Lactate dehydrogenase.
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6. Conclusion
IL-6 has been demonstrated to be a key biomarker of COVID-
19 severity, and various demographic and clinical characteris-
tics have been linked to its levels and the severity of COVID-19 
infection. Identifying these features may also enable the early 
identification of patients at risk for severe disease as well as 
the establishment of early comprehensive efforts to improve 
disease outcomes. Further large-scale clinical research is 
required to emphasize the link between IL-6 and COVID-19 
outcomes.
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