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Introduction

Coronavirus disease 2019 (COVID-19) is an infectious dis-
ease caused by enveloped, positive-stranded RNA viruses 
and was first identified in Wuhan City in December 2019, 
causing a cluster of pneumonia cases. It subsequently 
spread throughout China and then universally, becoming a 
global health emergency. In February 2020, the World 
Health Organization (WHO) nominated coronavirus dis-
ease 2019 as COVID-19.1

As of April 5, COVID-19 has spread to 198 countries, 
infecting >130 422 190 individuals and causing 2 842 135 
deaths worldwide, and therefore considered a global pan-
demic.2 Healthcare workers (HCWs) were subjected to high 
risks and stressors, both physical and psychological, which 
have potentially led to posttraumatic stress disorder (PTSD).3
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Abstract
Objectives: This study aimed to evaluate the interleukin-6 (IL-6) levels and its relationship to stress, anxiety, and 
depressive symptoms among healthcare workers (HCWs) compared to controls during the COVID-19 pandemic. 
Methods: A total of 80 HCWs in Suez Canal University Hospital in Ismailia, Egypt, and 80 controls were analyzed during 
the COVID-19 pandemic. The Depression, Anxiety and Stress Scale (DASS 21) questionnaire was used, and serum IL-6 
level was determined in both groups. Results: IL-6 levels were high in 81.2% (65) of HCWs compared to 36% (45) of 
controls (P < .05). The DASS score was higher in participants with high IL-6 levels (>3 ng/mL) than in those with mild to 
moderate levels (P < .05). The regression model revealed that the type of work as a healthcare staff, irregular or night 
shift, and stress were predictors of increased IL-6 levels among the studied sample (P < .05) (odds ratio = 20.30, 2.44, and 
2.04, respectively). Conclusion: The IL-6 level and DASS score were higher in HCWs compared to those in controls 
during the COVID-19 pandemic. The type of work as a healthcare staff, stress, and irregular or night shift were predictors 
of increased IL-6 levels.
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HCWs were vulnerable, due to the risk of getting infected 
particularly with inadequate resources. While their funda-
mental “duty to treat” was antagonistic to their hope to keep 
their families and loved ones away from further transmis-
sion of infection.4

The prevalence of depression, anxiety, insomnia and dis-
tress symptoms was assessed on a hospital-based survey 
study achieved in Wuhan among frontline HCWs from 
January 29, 2020, to February 3, 2020. The findings revealed 
high prevalence of depressive symptoms (50.4%), anxiety 
symptoms (44.6%), frequent insomnia (34.0%), and overall 
distress (71.5%) among HCWs.5

Psychological stresses were associated with the physio-
logical response such as changes in immunological response 
and inflammation. Anxiety and depression contribute to 
increased risk for disorders with an inflammatory etiology, 
and elevated inflammatory activity may be a significant 
moderator of emotion-disease interactions.6

The reaction of circulating inflammatory cytokines to 
stress is associated with depression, previous stress exposure 
and cancer history. Many previous studies have examined 
the associations between depression and inflammation.6,7

Leukocytes, bone marrow cells and hepatocytes secrete 
a wide range of inflammatory cytokines. Numerous inflam-
matory cytokines react to the acute stress challenge, includ-
ing interleukin IL-6, IL-10, IL-1 beta, and tumor necrosis 
factor (TNF)-α.6

IL-6 is produced by nearly all stromal and immune cells, 
such as B lymphocytes, T lymphocytes, macrophages, den-
dritic cells, monocytes, mast cells, fibroblasts, and endothe-
lial cells. IL-1-β and TNF-α are the main stimulators of the 
IL-6 expression. Several other factors can contribute to its 
secretion such as Toll-like receptors, prostaglandins, adipo-
kines, stress response and other cytokines.8

IL-6 acts through diverse signal transduction pathways5 
and combines to trans-membrane and a soluble form of its 
receptor IL-6R. Then this complex binds to gp130 trigger-
ing gene expression of the classical pathway. The JAK-
STAT, RAS-RAF, and other pathways are activated, 
promoting cellular proliferation, differentiation, oxidative 
stress, and immune regulation.9

O’Donovan et al suggested that clinically anxious indi-
viduals have lower morning cortisol and elevated IL-6 lev-
els compared with non-anxious individuals, highlighting a 
potential pathway by which anxiety may increase risk of 
inflammatory diseases, and found a relationship between 
negative emotions and biological responses.10

An essential constituent of public health measures for 
addressing the COVID-19 epidemic is protecting HCWs. 
Distinctive interventions to support the mental well-being 
in HCWs exposed to COVID-19 need to be immediately 
implemented with frontline HCWs demanding specific 
consideration.

Patients and Methods

This study aimed to assess IL-6 levels among HCWs during 
the COVID-19 pandemic in comparison to controls, measure 
stress, anxiety and depression and its ranks, and determine 
factors that predict IL-6 levels among HCWs and controls.

Eighty HCWs, includes 62 nurses and 18 laboratory and 
radiology technicians in Suez Canal University Hospital; 
Ismailia, Egypt, were included in a comparative cross -sec-
tional study, from March 2020 to August 2020 during the 
COVID-19 pandemic.

Sixteen (20%) participants worked in the laboratory and 
blood bank; 30 (37%) in internal medicine, surgery and 
pediatrics departments, and 34 (42.5%) in the intensive care 
unit (ICU) and emergency department. Another 80 controls 
of staff relatives (not HCWs) were included in the study. All 
participants in both groups were asked to fulfill a question-
naire, and serum IL-6 level was assessed.

The questionnaire included sociodemographic data (age, 
sex, marital status, residence and educational level), job 
data (job, place of work, work duration in hours, work days 
per week), and characteristic of night shift if present (peri-
odicity, number per month and duration). Depression, 
Anxiety and Stress Scale (DASS 21) Arabic version ques-
tionnaire was used,11 which is a quantitative measure of dis-
tress along 3 axes of depression, anxiety and stress that can 
be a useful measure of disturbance, but it is not a categorical 
measure of clinical diagnosis, although it is clinically help-
ful to have tags to state the grade of severity relative to the 
population. The following cutoff scores have been devel-
oped to determine mild/moderate/severe/extremely severe 
scores for DASS 21, regarding depression score(normal, 0- 
4; mild, 5–6; moderate, 7–10; severe, 11–13; extremely 
severe, +14), anxiety score (normal, 0–3; mild, 4–5; mod-
erate, 6–7; severe, 8–9; extremely severe, +10), and stress 
score (normal, 0–7; mild, 8–9; moderate, 10–12; severe, 
13–16; extremely severe, +17).

IL-6 Level Determination by Enzyme-
linked Immunosorbent Assay

Serum samples for IL-6 was drawn into EDTA tubes, spun 
immediately at 3000 g at 4°C for 20 minutes, and then fro-
zen at −70°C for further analysis. Then, IL-6 levels were 
measured in batched samples with the enzyme-linked 
immunosorbent assay (ELISA) utilizing monoclonal anti-
bodies to IL-6. With a high-sensitivity Human IL-6 ELISA 
kit (Chongqing Biospes Co., Ltd, China), the IL-6 ELISA 
was accomplished according to the manufacturer’s instruc-
tions. All samples from all participants were assayed within 
the same assay plate. The standard curve was generated as 
per experiment. High and low concentration cytokine qual-
ity controls that included IL-6 were run on each plate.
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Statistics: All analyses were conducted using the SPSS 
for Windows statistical package, version 22.0. The distribu-
tion of variables was compared with the normal distribution 
by the Kolmogorov–Smirnov goodness-of-fit test. The dif-
ferences between groups in nonparametric quantitative data 
were assessed using the Mann–Whitney U-test. Backward 
stepwise multiple linear regression analysis was conducted 
for factors affecting IL-6 level. The significance level was 
considered at <0.05.

Results

Table 1 shows the Sociodemographic charachteristics, work 
shift, IL-6 level and mental symptoms among HCWs and 
controls (n = 160): 80 HCWs and 80 controls, results reported 
that 22.5% (18) of HCWs, and 30% (24) of controls were 
smokers. Moreover, 55% (44) of HCWs have both night and 
day shifts, while 45% (36) have night shift only, while 93.8% 
of controls worked at day time and nearly 6% had both night 

Table 1.  Sociodemographic Characteristics, Work Shift, IL-6 Level and Mental Symptoms among HCWs and Controls (n = 160).

HCWs (n = 80) Controls (n = 80) P-value¥

Residence
  Urban 38 (47.5) 35 (43.8) .63
  Rural 42 (52.5) 45 (56.2)
Sex
  Male 56 (70.0) 57 (71.2) .86
  Female 24 (30.0) 23 (28.8)
Smoking
  Smoker 62 (77.6) 56 (70.0) .42
  Non-smokers 18 (22.5) 24 (30.0)
Marital status
  Single 34 (42.5) 40 (50.0) .42
  Married 46 (57.5) 40 (50.0)
Work shift
  Day 0 (0.00) 75 (93.8) .01*
  Night 36 (45.0) 0 (0.0)
  Day and night 44 (55.0) 5 (6.2)
DASS
  Stress subscale 9.10 ± 4.15 6.83 ± 2.68 .01*,†

  Anxiety subscale 6.63 ± 4.31 4.17 ± 3.09 .01*,†

  Depression subscale 6.95 ± 4.67 4.37 ± 3.17 .01*,†

  Total DASS 22.68 ± 12.24 15.69 ± 8.14 .00*,†

Stress level
  Normal 32 (40.0) 50 (62.5) .00*,¥

  Mild/moderate 32 (40.0) 27 (33.8)
  Severe/extremely severe 30 (37.5) 11 (13.8)
Anxiety level
  Normal 24 (30.0) 37 (46.2) .00*,¥

  Mild/moderate 26 (32.5) 37 (46.2)
  Severe/extremely severe 30 (37.5) 6 (7.5)
Depression
  Normal 26 (32.5) 39 (48.8) .00*,¥

  Mild/moderate 32 (39.5) 35 (44.0)
  Severe/extremely severe 22 (27.5) 6 (7.5)
IL-6 (ng/mL) 30.86 ± 25.06 16.10 ± 17.99 .00*,†

IL-6 level#

  Low 4 (5.0) 16 (20.0) .00*,¥

  Moderate 11 (13.8) 28 (35.0)
  High 65 (81.2) 36 (45.0)

Data are presented as numbers (%) or mean ± SD.
*Statistically significant at 95% level of confidence.
†Mann–Whitney U-test.
¥Chi square test.
#Low: <0.3 ng/mL, moderate: 0.3 to 3 ng/mL, high: >3 ng/mL).
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and day shifts. For HCWs, the night shift work duration was 
9.93 ± 2.14. The results demonstrated IL-6 levels, where 
81.2% (65) of HCWs exhibited high levels compared to 
20% (16) of controls (P < .05). Furthermore, 37.5% (30) of 
HCWs reported severe to extremely severe stress compared 
to 13.8% (11) of controls (P < .05). Regarding symptoms of 
anxiety, 37.5% (30) and 7.5% (6) of HCWs and controls 
respectively reported severe to extremely severe symptoms 

Table 2.  Comparison of Sociodemographic Characteristics, Type of Work, Shift, DASS Score, and Mental Symptoms According to 
IL-6 Level (n = 160).

Characteristics Low-to-moderate IL-6 level# (n = 59) High IL-6 level (n = 101) P-value¥

Residence
  Urban 33 (45.8) 40 (45.5) .92
  Rural 39 (54.2) 48 (54.5)
Sex
  Male 55 (76.4) 58 (65.9) .20
  Female 17 (23.6) 30 (34.1)
Smoking
  Smoker 51 (70.8) 67 (76.1) .56
  Non-smokers 21 (29.2) 21 (29.2)
Marital status
  Single 36 (50) 38 (43.2) .48
  Married 36 (50) 50 (56.8)
Type of work
  HCW 12 (16.7) 68 (77.3) .00*
  Non-HCW 60 (83.3) 20 (22.7)
Work shift
  Day 56 (77.8) 19 (21.6) .00*
  Night 5 (6.9) 31 (35.2)
  Day and night 11 (15.3) 38 (43.2)
DASS
  Stress subscale 6.07 ± 2.38 9.57 ± 3.72 .01*,†

  Anxiety subscale 3.32 ± 2.44 7.25 ± 4.03 .01*,†

  Depression subscale 3.64 ± 2.75 7.40 ± 4.42 .01*,†

  Total DASS 13.03 ± 6.52 24.22 ± 11.27 .00*,†

Stress level
  Normal 57 (79.2) 25 (28.4) .00*,¥

  Mild/moderate 14 (19.5) 45 (51.1)
  Severe/extremely severe 1 (1.4) 18 (20.5)
Anxiety level
  Normal 46 (63.9) 15 (17.0) .00*,¥

  Mild/moderate 23 (31.9) 40 (45.5)
  Severe/extremely severe 3 (4.2) 33 (37.5)
Depression
  Normal 43 (59.7) 22 (25) .00*,¥

  Mild/moderate 26 (36.1) 41 (46.9)
  Severe/extremely severe 3 (4.2) 25 (28.4)
IL-6 (ng/mL) 1.02 ± 1.37 34.86 ± 21.16 .00*,†

Data are presented as numbers (%) or mean ± SD.
*Statistically significant at 95% level of confidence.
†Mann–Whitney test.
¥Chi square test.
#Low: <0.3 ng/mL, moderate: 0.3 to 3 ng/mL, high: >3 ng/mL.

(P < .05). Moreover, 22% (27.5) and 7.5% (6) of HCWs and 
controls respectively reported severe to extremely severe 
depressive symptoms (P < .05). The results reported that the 
mean IL-6 level was 30.86 ± 25.06 ng/mL in HCWs com-
pared to 16.10 ± 17.99 ng/mL in controls (P < .05).

Table 2 shows the Sociodemographic characteristics, 
work shift, IL-6 level and mental symptoms between par-
ticipants with low (0.3 ng/mL to moderate (0.3-3 ng/mL) 
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IL-6 levels (n = 59) and those with high levels (n = 101) 
(>3 ng/mL). The results showed no statistically significant 
difference in sex, residence, marital status and smoking 
between groups (P > .05). The results presented that 83.3% 
(60) and 16.7% (12) of HCWs and controls respectively 
reported normal to moderate IL-6 levels, while 77.3% (68) 
and 22.7% (20), respectively had high levels (P < .05). 
Approximately 79% (57) of participants with low/moderate 
IL-6 levels had normal stress, and 1.4% (1) reported severe 
to extremely severe stress compared to 28.4% (25) and 
20.5% (18) of participants with high IL-6 levels respec-
tively (P < .05). Regarding symptoms of anxiety; 63.9% 
(46) and 17% (15) of the low/moderate IL-6 level and high 
IL-6 level groups, had normal anxiety level respectively, 
while 37.5% (33) and 4.2% (3), respectively, reported 
severe to extremely severe symptoms (P < .05). 
Approximately 59.7% (43) of participants with low to mod-
erate IL-6 levels and 25% (22) of participants with high 
IL-6 levels showed normal depressive symptoms, while 
4.2% (3) and 28.4% (25) respectively reported severe to 
extremely severe depressive symptoms (P < .05).

Table 3 model–A shows the logistic regression analysis 
among all studied participants where work type (HCWs, 
controls), anxiety, depression, stress (normal, mild/moder-
ate, severe/extremely sever), shift type (day shift vs (night 
and day or night only)), sex, age, and smoking were inde-
pendent variables (predictors) and IL-6 level(low/moderate 
and high) was dependent variable. The model revealed that 
HCWs as a type of work, night or day and night shift, and 
stress were predictors of high IL-6 levels among the studied 
sample (P < .05) (Odds ratio [OR]  = 20.30, 2.44, and 2.04 
respectively). Model-B summarizes the logistic regression 
analysis among HCWs where anxiety, depression, stress 
(normal, mild/moderate, severe/extremely severe), shift 

type (night shift vs irregular shift (night and day)), sex, age 
and smoking were independent variables (predictors) and 
IL-6 level(low/moderate and high) was a dependent, the 
model revealed that night shift and stress were predictors of 
high IL-6 level (P < .05) (OR = 4.49, 10.98).

Discussion

Since the WHO has declared COVID-19 as a pandemic, 
HCWs were on the battle zone, dealing directly with 
COVID-19 patients, involved in examination, the diagno-
sis, and caring of COVID-19 these patients and being at a 
higher risk for COVID-19 infection, HCWs are at higher 
risk for developing psychological distress and mental health 
problems.12-14 In our study, about two-thirds of HCWs 
reported variable levels of anxiety, depression, and stress 
symptoms (70%, 67.5%, and 60%, respectively) compared 
to control group.

A survey conducted in Saudi Arabia by Temsah et al15 
included 44.8% responses from critical care departments 
(ICU and emergency) HCWs were susceptible to various 
health consequences due to the COVID-19 pandemic. 
Several risk factors were identified; long duty hours, and 
working in the high-risk department were well-identified 
risk factors which were in agreement with our study results.

Our study findings were consistent with the results of 
numerous studies that were performed during the COVID-
19 pandemic and indicated a global rise in the prevalence of 
psychological outcomes among HCWs. In a Chinese study 
on 493 physicians and 764 nurses, 50.4% had depressive 
symptoms, 44.6% had anxiety symptoms, and 71.5% 
reported overall distress. With further analyses, Lai’s study 
showed that nurses had more severe levels of psychological 
distress symptoms compared to other HCWs 5. In another 

Table 3.  Logistic Regression of IL-6 Level According to Study Covariates in All Studied Sample (Model-A) and among HCWs  
(Model B).

Model A

Predictors OR (95% CI) P-value

Constant 0.14 .00*
Work type (HCWs vs controls) 20.30 (7.30-56.45) .00*
Day shift vs (night and day or night only) 2.44 (1.37-4.33) .00*
Stress level (normal, mild to moderate and severe) 2.04 (0.94-4.46) .03*

Model B

Predictors OR (95% CI) P-value

Constant 0.124 .04*
Night shift vs irregular (night and day)   4.49 (1.40-35.80) .00*
Stress level (normal, mild to moderate and severe) 10.98 (2.53-27.63) .00*

*Statistically significant at 95% level of confidence.
IL-6 (Low/moderate and high). Predictors: work type, shift, stress, depression and anxiety, sex, age and smoking.
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multicenter Chinese study on 1563 medical staff, the preva-
lence of depression was 50.7%, that of anxiety was 44.7%, 
and that of stress-related symptoms was 73.4%.16 
Conversely, during the earlier severe acute respiratory syn-
drome outbreak (2002-2004), 89% of HCWs reported psy-
chological distress symptoms.17 However, the prevalence of 
anxiety, depression, and stress symptoms among HCWs in 
our study was substantially higher than those of other stud-
ies during the COVID-19 pandemic. For example, a study 
including 680 medical doctors and 247 nurses reported a 
prevalence of 13% and 12.2% for anxiety and depression, 
respectively.14 Another Chinese study including 1173 front-
line HCWs reported that 15.7% had anxiety symptoms and 
14.3% had depressed mood while 52.6% had mental health 
problems.18

The high prevalence of psychological problems among 
HCWs, particularly during public health emergencies such 
as the COVID-19 pandemic, could be explained by their 
safety concerns while working, long working hours, irregu-
lar shift work, highly demanding work, poor psychosocial 
work environment, and frequent exposure to serious life cir-
cumstances.5,14 Safety concerns among HCWs arise from 
the insufficient understanding of the virus, lack of effective 
preventive and control measures, increased risk of infection 
due to exposure to high viral load while dealing with patients 
with COVID-19, and the shortage in the medical protective 
equipment.14,19,20 On the contrary, the high prevalence of 
stress and anxiety symptoms among the control group in our 
study may be contributed to the eminence of dread that is 
present globally during the COVID-19 pandemic.

Elevated levels of pro-inflammatory cytokines, such as 
IL-6, have been noted in the development of common men-
tal health problems.21 Therefore, we have examined the 
association between IL-6 and psychological distress symp-
toms (ie, depression, anxiety, and stress) among the studied 
sample of nurses. The majority of HCWs (81.2%) in our 
sample had a higher IL-6 level (>3.0 ng/mL) with a mean 
(±SD) of 31 (±25) ng/mL compared to the control group 
(25%). Besides, although female nurses constituted only 
30% HCWs, they had significantly higher IL-6 level than 
male nurses. Moreover, nurses engaged in continuous night 
shifts had significantly higher IL-6 levels than nurses on 
alternating work shifts and both higher than controls who 
worked at daytime only.

Then, the high IL-6 levels in our sample could be explained 
partially by night shift work, and the sex-difference in IL-6 
level was related to stress response. Earlier studies involving 
IL-6 level measurement support this observation. In a 
Japanese study on 5259 workers, the association between 
work schedule and IL-6 was examined. The findings reported 
that the night workers had significantly higher levels of log-
transformed IL-6 compared to those with regular work 
schedules, even after adjusting for sociodemographic and 

work-related factors, including job stress.22 Circadian rhythm 
disruption and sleep deprivation were among the most com-
mon explanatory factors of increased IL-6 level among night 
workers.23,24 Conversely, further studies demonstrated greater 
IL-6 stress responses in women.25,26

Furthermore, our study denoted that high IL-6 levels was 
significantly associated with increased depression, anxiety, 
and stress scores, with stress being the most common pre-
dictor of IL-6 levels among HCWs and among all partici-
pants including controls. Our results are consistent with 
those of former studies that investigated the association 
between IL-6 and mental health problems, particularly 
among HCWs. A Japanese study on133 female HCWs, the 
reported that elevated serum IL-6 levels was directly cor-
related with depressive symptoms.27 Likewise, Bob et al28 
demonstrated a significant correlation between IL-6 and 
both depression and PTSD. A study by Virtanen et al29 had 
further investigated the association between IL-6 level and 
the recovery from psychological distress symptoms in a 
non-clinical sample; low IL-6 at baseline was associated 
with substantial symptom resolution at follow-up.

Furthermore, Falco’s study had investigated the associa-
tion between serum IL-6 level and both job demands (JD) 
and job resources (JR) in 119 employees at an Italian health-
care organization. They concluded that exposure to stressful 
work situations (ie, high JD and low JR) is associated with 
higher IL-6 levels among HCWs,30 which was consistent 
with current study results where being a healthcare staff 
was a predictor of increased serum IL-6 levels.

Some limitations should considered while interpreting 
our study findings. First, our study had a cross-sectional 
design in which causal inferences cannot be settled due to 
the lack of temporal relationship. A longitudinal study 
design should be considered in further research to further 
address the question of causal direction. Second, we used 
IL-6 level as a sole biomarker of inflammatory cytokines. 
Future studies should consider other inflammatory cyto-
kines such as C-reactive protein and TNF-α. Finally, our 
conclusion was based on a single IL-6 measurement; how-
ever, serial measurements of IL-6 would further explain the 
relationship under study. Finally, the direct causal relation-
ship between work-related factors, particularly details of 
night shift work, and IL-6 level was not well-characterized 
and warranted further investigation.

Conclusion

The IL-6 levels among studied HCWs (81.2%) were higher 
compared to controls. They reported increased stress, anxi-
ety and depressive symptoms which correlated with IL-6 
levels during the COVID-19 pandemic. The type of work as 
a HCW, stress and night shift were predictors of increased 
IL-6 levels.
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