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Introduction

Post-traumatic stress disorder (PTSD) occurs following 
exposure to a traumatic event, and is defined by obvious 
symptoms of re-experience, avoidance, and numbness 
persisting for >1 month after trauma (1). PTSD has been 
reported to be a serious and even disabling condition that 
affects about 8% of people at some point during their 
life (2). Statistics have demonstrated that PTSD is more 

common among women, and the morbidity rate has been 
found to be associated with trauma exposure rates (3).  
The cause of PTSD is well known; events involving 
threats to the physical integrity of oneself or others, and 
reactions to strong fear, horror, or helplessness (4). Patients 
with PTSD not only present intense negative emotional 
reactions when reminded of their trauma, but also show 
exaggerated anhedonia, social withdrawal, and emotional 
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numbing (5). Patients with PTSD are more likely to have 
major depression, substance dependence, as well as lost 
the drive to live (6). Psychotherapy has been reported to 
be the mainstay of PTSD treatment (7). Psychological 
interventions for PTSD are not always effective and can 
leave some individuals with enduring symptoms. Prolonged 
exposure is an effective evidenced-based treatment for 
PTSD, but it is limited to certain population. However, the 
mechanisms underlying PTSD symptoms are not yet fully 
understood.

Neurotransmitters play a crucial role in maintaining 
physiological function at both the cellular and organ levels, 
and their imbalances have demonstrated a correlation 
in the pathology of several diseases (8). Monoamine 
neurotransmitters, a category of neurotransmitters, can 
act as biomarkers for the diagnosis and prognosis of 
some neurological disorders, such as Parkinson’s disease 
and Alzheimer’s disease (9,10). It has also been shown 
that changes in neurotransmitter levels during early 
development can result in serious neurologic problems (11).  
Previously published studies have found immune 
alterations in PTSD patients, including increased levels of 
inflammatory cytokines (12). Former findings suggest that a 
generalized inflammatory state may be present in individuals 
with PTSD. PTSD is associated with heightened expression 
of several pro-inflammatory cytokines. The incidence of 
PTSD and its emotional associations among frontline 
health and rescue workers have been widely explored 
recently. Nurses are considered to be an increased risk of 
work-related stress, particularly those working in specialty 
areas, such as the intensive care unit, emergency room, as 
well as oncology departments (13). High PTSD rates have 
been reported among critical care nurses and pediatric 
nurses (14,15). In the present study, we aimed to investigate 
the relationship between monoamine neurotransmitter 
and cytokine levels with the occurrence of PTSD among 
operating room nurses.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1829).

Methods

Ethics statement

The present study was approved by the Medical Ethics 
Committee of the Hainan General Hospital (No.: 

20191023), and the participants provided signed informed 
consent. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Study participants

The diagnostic criteria of PTSD (PTSD Checklist-Civilian 
Version) in the Diagnostic and Statistical Manual of Mental 
Disorders 4th edition was used to evaluate participants who 
experienced trauma 1 month after the traumatic event, 
or participants who did not experience trauma within  
7 days of enrolment (16). The evaluation was carried out 
by psychology professionals, and scores ranged from 17 to  
85 points. According to the international score and 
diagnostic criteria, a score of ≤37 indicated no PTSD; 
38–49 indicated a certain degree of PTSD symptoms, but 
not enough to be diagnosed as PTSD; and ≥50 indicated 
PTSD, as diagnosed by two psychiatrists.

Between January 2019 and July 2019, 131 nursing staff 
were selected from the operating room at Hainan Provincial 
People’s Hospital, the Second affiliated Hospital of Hainan 
Medical College, and other cooperative units. Of these,  
45 nurses were diagnosed as having PTSD (PTSD group), 
46 nurses had a certain degree of PTSD symptoms, but not 
enough to be diagnosed as PTSD (non-PTSD group), and 
40 nurses were diagnosed as having no PTSD symptoms 
(control group). The team members learned about the 
nurses in the operating room to ensure that they had not 
experienced any new major psychological and physical 
traumas in the past month.

Determination of plasma monoamine neurotransmitters 
and serum cytokines

Participants were asked to not take any medications 3 days 
before testing. Elbow vein blood (5 mL) was taken on an 
empty stomach from 6:30 to 7:00 a.m; 2 mL of this was 
used to determine monoamine neurotransmitters in plasma, 
and the level of cytokines was measured in the upper serum 
after centrifugation of the residual 3 mL. The enzyme-
linked adsorption reaction kit provided by Shanghai 
West Tang Biotechnology (China) was used to determine 
the monoamine neurotransmitters (norepinephrine and 
dopamine) in plasma and serum cytokines [interleukin (IL)-
2, IL-6, IL-10, and tumor necrosis factor-α (TNF-α)] by an 
avidin-biotin complex enzyme-linked immunosorbent assay. 
Each sample were measured for three times.

http://dx.doi.org/10.21037/apm-20-1829
http://dx.doi.org/10.21037/apm-20-1829
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Addenbrooke’s Cognitive Examination-Revised (ACE-R)

The ACE-R score is used to assess cognitive ability (17). It 
contains 5 subtests, each representing a cognitive domain: 
attention/orientation (18 points), memory (26 points), 
fluency (14 points), language (26 points), and visuospatial  
(16 points). The maximum score of the ACE-R is 100, and 
the score of the average person is >86.

Connor-Davidson Resilience Scale (CD-RISC)

The 10-item CD-RISC (CD-RISC-10) is used to assess 
resilience (18). The CD-RISC-10 (a simple version of the 
CD-RISC) is used to assess PTSD severity and resilience. 
The 10 items were scored on a 5-point scale with a full 
score of 40; the higher the score, the greater the resilience.

Data analysis

All data analyses were conducted using SPSS version 21.0 
software (IBM, USA). All data were consistent with normal 
distribution by Kolmogorov-Smirnov test, and expressed as 
mean ± standard deviation. Comparison of data between two 
groups was conducted by paired t-test, whereas comparison 
among multiple groups was conducted by 1-way analysis of 
variance. Enumeration data was analyzed by Fisher’s test, and 
the correlation analysis was verified by Pearson’s correlation 
coefficient test. A receiver-operating characteristic (ROC) 
curve was drawn to estimate the predictive efficacy of plasma 
monoamine neurotransmitters and serum cytokines on the 
occurrence of PTSD among operating room nurses. P<0.05 
was considered statistically significant.

Results

Demographic characteristics

A total of 131 operating room nursing staff were included 
in the present study (15 males and 116 females). Of these, 
59 were aged <30 years, and 72 were aged ≥30–50 years. 
Participants’ demographic characteristics are shown in 
Table 1. After correction of the clinical data, no significant 
difference in demographic characteristics was found 
between the three groups (P>0.05).

Plasma monoamine neurotransmitter and serum cytokine 
levels among operating room nurses

The ELISA kit was used to detect norepinephrine, 

dopamine, IL-2, IL-6, IL-10, and TNF-α levels among 
nurses. The results showed that nurses in the control group 
showed the lowest levels of norepinephrine, dopamine, 
IL-2, IL-6, IL-10, and TNF-α. However, monoamine 
neurotransmitter and cytokine levels among nurses in the 
non-PTSD group differed to those in the control group, 
but the difference was not significant. The monoamine 
neurotransmitter and cytokine levels of nurses in the 
PTSD group were significantly higher than those in the 
non-PTSD and control groups (Figure 1). The findings 
suggest that plasma monoamine neurotransmitter and 
serum cytokine levels are related to the occurrence of 
PTSD among operating room nurses. PTSD can lead to 
inflammatory reactions in vivo, and PTSD can increase 
neurotransmitter levels, which may lead to abnormal 
reaction of nervous system.

Predictive efficacy of plasma monoamine neurotransmitters 
and serum cytokines on the occurrence of PTSD among 
operating room nurses

To further evaluate the predictive efficacy of plasma 
monoamine neurotransmitter and serum cytokine levels 
on PTSD among operating room nurses, we analyzed 91 
operating room nurses, who experienced psychotraumatic 
events, by ROC curve. The findings suggested that plasma 
monoamine neurotransmitter and serum cytokine levels had 
a good diagnostic effect on the occurrence of PTSD among 
operating room nurses, and could be used to predict PTSD 
(Figure 2).

Relationship between plasma monoamine neurotransmitter 
and serum cytokine levels with cognitive behavior among 
operating room nurses with PTSD

Cognition is a process of acquiring, understanding, 
and retaining knowledge; it involves a series of casual, 
psychological, and social behaviors, such as learning, 
memory, language, thinking, and emotion. It has been 
reported that PTSD patients have different degrees of 
cognitive impairment (19). Therefore, we applied the 
ACE-R to assess the cognitive level of nurses with PTSD. 
The ACE-R takes between 12 and 20 min (average, 16 min) 
to administer and score in the clinical setting. The findings 
indicated that operating room nurses with PTSD had an 
average ACE-R score of 74.8±5.4, which was negatively 
correlated with monoamine neurotransmitters and cytokines 
(Figure 3).
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Table 1 Comparison of demographic characteristics of the enrolled patients in the three groups

Demographic variables Healthy (n=40) Non-PTSD (n=46) PTSD (n=45) *P value #P value @P value

Gender 0.431 0.322 0.301

Male 6 4 5

Female 34 42 40

Age 0.054 0.513 0.211

<30 14 26 19

31–50 26 20 26

Marital status 0.121 0.653 0.372

Married 22 33 30

Single/divorced/widowed 18 13 15

Technical tittle 0.194 0.332 0.201

Nurse 27 22 20

Senior nurse 10 14 20

Supervisor nurse 2 8 3

Deputy chief nurse 1 2 2

Position 0.350 0.149 0.259

Nurse 27 24 24

Nursing leader 12 20 15

Matron 1 2 6

Middle/night shift 0.072 0.384 0.217

3/week 13 16 20

2/week 19 28 20

Day shifts 8 2 5

Work experience 0.199 0.274 0.088

~1 8 8 16

~6 18 14 12

~11 8 8 10

16–26 6 16 7

*, represented healthy group vs. non-PTSD group; #, represented healthy group vs. PTSD group; @, represented PTSD group vs. non-PTSD 
group. Chi-square test was utilized to determine statistical significance. For healthy group, N=40, while in non-PTSD group and PTSD 
group, N=46 and 45, respectively. PTSD, post-traumatic stress disorder.

Relationship between plasma monoamine neurotransmitter 
and serum cytokine levels with resilience among operating 
room nurses with PTSD

Resilience refers to the body’s response to the changing 
environment. State is a dynamic form with a certain range of 
variation that changes with the environment, and achieves 

dynamic regulation and adaptation of the environment in 
the change. The score of the CD-RISC-10 ranges from 
0 to 40. The lower the score, the lower the resilience and 
the greater the PTSD severity. Therefore, the relationship 
between the plasma monoamine neurotransmitter and 
serum cytokine levels with the degree of PTSD can be 
further determined by analyzing these levels and resilience 
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Figure 1 Monoamine neurotransmitter and cytokine levels among operating room nurses in the three groups. One-way analysis of variance 
was used to determine statistical significance. Data are expressed as mean ± standard deviation. Control group: n=40; non-PTSD group: 
n=46; PTSD group: n=45. (A) Norepinephrine levels of all groups; (B) Dopamine levels of all groups; (C) TNF-α levels of all groups; (D) 
IL-6 levels of all groups; (E) IL-2 levels of all groups; (F) IL-10 levels of all groups. **, P<0.05; PTSD, post-traumatic stress disorder.

among operating room nurses with PTSD. The findings 
indicated that there was negative correlation between 
plasma monoamine neurotransmitter and serum cytokine 
levels with resilience. It is suggested that the higher the 
neurotransmitter and cytokine levels, the greater the PTSD 
severity (Figure 4).

Discussion

PTSD is a psychological disorder that develops in some 
people who have experienced traumatic or life-threatening 
events (20). PTSD can lead to decreased physical recovery, 
social functioning, and quality of life, and a higher risk of 
suicide attempts. A previously published study found that 
nurses are an increased risk of work-related stress, and are 
likely to suffer from PTSD (13). The aim of the present 
study was to investigate the correlation between monoamine 
neurotransmitter and cytokine levels and the occurrence of 
PTSD among operating room nurses.

First, we analyzed plasma monoamine neurotransmitter 

levels among operating room nurses, and found that these 
were related to the occurrence of PTSD. The biologic 
dysregulation of PTSD could be seen in physiological, 
neurohormonal, immunologic, as well as functional 
neuroanatomical levels (21). Early studies have suggested 
that increased noradrenaline activity may lead to impairment 
of medial prefrontal cortex function and a decrease of fear, 
which could explain the increase in behavioral indicators 
of anxiety and severity in PTSD (22-24). In line with the 
findings in the present study, a previously published study 
demonstrated that PTSD patients showed higher plasma 
concentrations of noradrenaline, adrenaline, and dopamine 
compared with controls (24). 

A recent study reveals that PTSD is associated with 
heightened expression of several individual cytokines 
including IL-2, IL-4, IL-6, IFN-γ, and TNF-α. In addition, 
serum cytokine levels among operating room nurses were 
also detected, and found that these levels were related to the 
occurrence of PTSD. PTSD could lead to inflammatory 
reactions in vivo and could increase neurotransmitter levels 
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Figure 2 Receiver-operating characteristic (ROC) analysis for operating room nurses with post-traumatic stress disorder. (A) ROC analysis 
for norepinephrine (P<0.05, area under the ROC curve: 0.845, sensitivity: 84.8%, and specificity: 82.2%); (B) ROC analysis for dopamine 
(P<0.05, area under the ROC curve: 0.727, sensitivity: 53.3%, and specificity: 89.1%); (C) ROC analysis for tumor necrosis factor-α (TNF-α; 
P<0.05, area under the ROC curve: 0.859, sensitivity: 68.9%, and specificity: 89.1%); (D) ROC analysis for interleukin (IL)-2 (P<0.05, area 
under the ROC curve: 0.871, sensitivity: 82.2%, and specificity: 78.3%); (E) ROC analysis for IL-6 (P<0.05, area under the ROC curve: 0.879, 
sensitivity: 82.2%, and specificity: 87.0%); (F) ROC analysis for IL-10 (P<0.05, area under the ROC curve: 0.814, sensitivity: 73.3%, and 
specificity: 95.7%). Non-PTSD group: n=46; PTSD group: n=45; PTSD, post-traumatic stress disorder.

which may lead to abnormal reaction of nervous system. 
Cytokines are produced by immune cells and maintain 
homeostasis by regulating the immune system and other 
biologic systems, such as the hypothalamic-pituitary adrenal 
axis (25). Previous studies have indicated that cytokines 
may result in the pathophysiology of PTSD through a 
variety of mechanisms, which are independent of comorbid 
depression and physical diseases (26-28). Recently published 
studies have demonstrated the innate immune dysregulation 
in PTSD, and this dysregulation may be a risk factor for the 
development of this disorder (29-31). In line with findings 

of the present study, previous studies have demonstrated 
that PTSD patients have increased levels of IL-2, IL-
6, IL-10, and TNF-α (25,32,33). In the present study, 
we found that plasma monoamine neurotransmitter and 
serum cytokine levels had a good diagnostic effect on the 
occurrence of PTSD among operating room nurses, and 
these could be used to predict PTSD.

Furthermore, we also studied cognitive behavior and 
resilience among operating room nurses with PTSD. The 
results showed that there was a negative correlation between 
plasma monoamine neurotransmitter and serum cytokine 
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Figure 3 Correlation between monoamine neurotransmitter and cytokine levels and Addenbrooke’s Cognitive Examination-Revised (ACE-R) 
cognition scores. (A) Correlation between norepinephrine and ACE-R scores (P<0.05, R2=0.477); (B) correlation between dopamine and 
ACE-R scores (P<0.05, R2=0.525); (C) correlation analysis tumor necrosis factor-α (TNF-α) and ACE-R scores (P<0.05, R2=0.450); (D) 
correlation between interleukin (IL)-2 and ACE-R scores (P<0.05, R2=0.236); (E) correlation between IL-6 and ACE-R scores (P<0.05, 
R2=0.467); (F) correlation between IL-10 and ACE-R scores (P<0.05, R2=0.419). Pearson’s correlation coefficient test was utilized. n=45.

levels and the ACE-R score among operating room nurses 
with PTSD and with the correlation of resilience. It has 
been suggested that the higher the neurotransmitter and 
cytokine levels, the greater the PTSD severity. Individuals 
exposure to stress during childhood and adolescence are 
more likely to have neuropsychiatric disorders later in  
life (34). Rescue and ambulance personnel have been found 
to have PTSD symptoms for a PTSD diagnosis (35,36). 
Healthcare workers are usually faced with direct and indirect 
trauma in the hospital setting; for example, workplace 
violence, witnessing other people’s direct experience of 
violence in the workplace, caring for dying patients‚ and 
threats of severe injury or exposure to trauma (37-39). It has 
been reported that PTSD patients have different degrees of 
cognitive impairment (19). One recent study that focused on 
resilience in functional neurological disorders (FNDs) found 
that patients with FND had decreased resilience (40).

The findings of the present study show that there 
is a correlation between monoamine neurotransmitter 
and cytokine levels and the occurrence of PTSD among 
operating room nurses. The higher the neurotransmitter 
and cytokine levels, the greater the PTSD severity. Previous 
study show that they study the changes of neurotransmitter 
levels in patients with post-traumatic stress disorder; while 
our article studies the relationship between monoamine 
neurotransmitters and immune factors on the occurrence of 
PTSD and clinical manifestations in operating room nurses. 
Generally speaking, the research subjects are patients who 
have experienced traumatic events, but seldom involved 
medical staff. Our innovation is that the research subjects 
are operating room nurses who have experienced traumatic 
events. However, due to the complexity of pathogenesis 
of PTSD, more relevant research is needed to explore the 
underlying mechanisms.
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Figure 4 Correlation between monoamine neurotransmitter and cytokine levels and Connor-Davidson Resilience Scale (CD-RISC). 
(A) Correlation between norepinephrine and CD-RISC (P<0.05, R2=0.451); (B) correlation between dopamine and CD-RISC (P<0.05, 
R2=0.604); (C) correlation between tumor necrosis factor-α (TNF-α) and CD-RISC (P<0.05, R2=0.472); (D) correlation between interleukin 
(IL)-2 and CD-RISC (P<0.05, R2=0.098); (E) correlation between IL-6 and CD-RISC (P<0.05, R2=0.511); (F) correlation between IL-10 
and CD-RISC (P<0.05, R2=0.438). Pearson’s correlation coefficient test was utilized. n=45.
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