MEDICAL
SCIENCE

CLINICAL RESEARCH

. e-ISSN 1643-3750

© Med Sci Monit, 2021; 27: €929711
MON |TOR DOI: 10.12659/MSM.929711

e om0y 0 Cross-Sectional Study of the Effects of Job
Available online: 2021.02.22

Published: 2021.05.04 Burnout on Immune Function in 105 Female
Oncology Nurses at a Tertiary Oncology Hospital

Authors’ Contribution: ABCDEF Jing Cui Nursing Department, Guangxi Medical University Affiliated Cancer Hospital,
Study Design A BCDE Yun_Hong Ren Nanning, Guangxi, P.R. China
Data Collection B
Statistical Analysis C BcoE  Feng-Juan Zhao
Data Interpretation D BF Ying Chen
Manuscript Preparation E BF Ying_Fan Huang

Literature Search F
Funds Collection G

BF Ling Yang
ABCDEFG  Xue-Mei You

Corresponding Author: Xue-Mei You, e-mail: youxuemei@stu.gxmu.edu.cn
Source of support: This work was supported by Guangxi University of Science and Technology (grant no. GuikeAB18126042)

Background: Nurses who work in hospitals experience a high level of burnout and the relationship between immune vari-
ables and burnout syndrome has yet to be elucidated. The aim of the present study was to investigate the ef-
fects of job burnout on immune function in female oncology nurses in a tertiary oncology hospital in Guangxi,
China. The aspects of the human immune system evaluated were humoral and cellular immunity and comple-
ment components 3 (C3) and 4 (C4).

Material/Methods: We administered the Maslach Burnout Inventory-General Survey (MBI-GS), which includes scales for emotion-
al exhaustion, depersonalization (DP), and personal accomplishment (PA), to measure variables related to im-
mune function in 105 female nurses in a tertiary oncology hospital in Guangxi, China. Levels of humoral im-
munity and C3 and C4 were detected with immune turbidimetry. Cellular immunity was assessed with indirect
immunofluorescence.

Results: A Spearman rank correlation analysis revealed that levels of C3, C4, and CD4- and CD8-positive T cells were
significantly associated with burnout symptoms (P<0.05, P<0.01, and P<0.05, respectively). Furthermore, there
was a correlation between demographic data and humoral and cellular immunity (both P<0.05). Multivariable
linear regression analysis showed that C4 levels were closely related to DP (P<0.05) and that CD4 and CD8 lev-
els were closely related to PA (P<0.01).

Conclusions: These results suggest that DP and PA have an impact on immune function, and that timely psychological and
behavioral interventions can be used to reduce the degree of job burnout among nurses and regulate their im-
munity, thus enabling them to better serve patients.
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Background
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Material and Methods

Maslach and Jackson described burnout as a combination of
emotional exhaustion (EE), depersonalization (DP), and poor
personal accomplishment (PA) [1]. Job burnout among nurses is
an individual response to emotion and stress related to the in-
ability of nurses to deal effectively with long-term occupational
demands. As the largest developing country, China is short of
medical resources, with hospital nurses on 8-hour shifts and
medical staff working intensively. Studies have shown that a
shift system [2] and high-intensity work adversely affect the
proportion and activity of lymphocytes in health care staff [3].
A meta-analysis of psychological stress and the immune sys-
tem over the past 30 years also showed that psychological
stress had a clear effect on the human immune system [4].

Applying the Job Demands-Resource Model to nurses around
the world shows that they have a high incidence of job burn-
out because of the interaction between high demand for indi-
viduals in their profession and limited resources [5,6]. The inci-
dence of burnout is even higher in oncology nurses. A German
study showed that the degree of job burnout was more obvious
in nurses in the COVID-19 ward than in those in the general
ward [7]. A Chinese study, however, showed that nurses in the
Oncology Department had a higher level of job burnout than in
the COVID-19 ward, even during the epidemic [8]. Ksigzek et al
studied job burnout in nurses in Oncology and General Surgery
departments in Poland. The results showed significantly more
intense job burnout in the nurses in the Oncology Department
than in the General Surgery Department [9]. Therefore, spe-
cial attention should be paid to job burnout in and health and
well-being of medical staff in the Oncology Department [10].
Khamisa et al showed that burnout symptoms are related to
chronic psychological stress [11], which can affect the mental
and physical health of nurses [12]. Given these data, an ex-
ploration of the state of burnout and its association with im-
mune variables among oncology nurses would be very valuable.

Humoral and cellular immunity are specific types of immunity in
the third line of defense for the human body, and the complement
system is considered a non-specific humoral immune mechanism
against pathogens. Complement components 3 (C3) and 4 (C4),
the 2 most important subtypes of the complement system [13],
play important roles in human immune defenses and can ex-
ert a variety of biological effects. In recent years, an increasing
number of studies have focused on the effect of chronic psycho-
logical stress on immune function [14,15]. Although altered im-
mune function is known to be associated with burnout [16,17],
the specific roles of humoral and cellular immunity and com-
plement function in nurses with job burnout tendencies have
yet to be clarified. Therefore, the present study aimed to inves-
tigate the effects of job burnout on immune function in female
oncology nurses in a tertiary oncology hospital in Guangxi, China.

Ethics Approval

The researchers met with the participants to explain the pur-
pose and importance of the study and to answer their ques-
tions. The participants then anonymously volunteered for
the study and signed the informed consent. An application
to perform the study was submitted to the Guangxi Medical
University Affiliated Cancer Hospital and approved by a com-
mittee (grant no. LW2020048).

Participants

For the present prospective, cross-sectional study, 105 female
nurses were recruited from the Guangxi Medical University
Affiliated Cancer Hospital. The participants had not worked
a night shift in the past 3 days, had no symptoms of cold or
fever, and had no history of disease known to affect the im-
mune system. None of the nurses dropped out during the
course of the study.

Questionnaire

After the participants were given detailed information about
confidentiality and provided informed consent, the researchers
explained the meaning of each item on the Maslach Burnout
Inventory-General Survey (MBI-GS) to them. When the partic-
ipants clearly understood the purpose and significance of the
study, they completed the self-reported MBI-GS. All 105 ques-
tionnaires distributed were returned and eligible for analysis,
for a completion rate of 100%.

As described by Kalimo et al [18], higher EE and DP scores in-
dicate stronger tendencies toward these symptoms. Lower PA
scores indicate less satisfaction and greater burnout. According
to the MBI-GS manual, DP and PA are divided into 3 cate-
gories, based on individual scores for each dimension: mild
burnout (0-1.49), moderate burnout (1.50-3.49), and severe
burnout (3.50-6). The coefficient of reliability for this ques-
tionnaire is 0.841.

Blood Collection Procedure

Participants were instructed not to eat or drink anything oth-
er than water on the morning that their blood samples were
drawn. They also were told not to engage in any strenuous
exercise 2 h before or to smoke 30 min before the sampling.
Blood was collected between 7 a.m. and 9 a.m. in 10-mL hep-
arinized vacuum tubes by 4 trained researchers at an exper-
imental laboratory.
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Humoral Immunity and €3 and C4

Levels of humoral immunity and C3 and C4 were assessed using
a specific detection kit (MGO5, KANGBAOLAI, China) and with
immune turbidimetry [19] (ADVIA 2400, Siemens, Germany).
The samples were centrifuged continuously for 10 min at a rate
of 3000 revolutions per min to ensure that they were not he-
molytic and did not contain fat. During computerized testing,
a fixed amount of quality-control serum was added to main-
tain quality control and the testing was completed strictly ac-
cording to a predefined protocol. The immunoglobulin in the
serum reacted with the anti-human immunoglobulin antiserum
to form an antigen-antibody complex and produce turbidity.
Its absorbance was detected at a specific wavelength and the
change was proportional to the immunoglobulin in the serum.
The normal reference ranges for immunoglobulin (Ig) G, IgM,
IgA, C3, and C4 are 7.0 to 16 g, 35 to 250 mg, 70 to 400 mg,
0.79to 1.52 g, and 0.16 to 0.38 g, respectively.

Cellular Immunity

Cellular immunity was assessed using ABC hemolysin and a
mouse anti-human monoclonal antibody specific to CD45/
CD4/CD8/CD3 and CD45/CD (16-56)/CD19/CD3 (no. 6607013,
Beckman, America) and with flow cytometry [20] (Navios EX,
Beckman, America). Early in the morning, 2 mL of elbow ve-
nous blood was collected from the participants on an emp-
ty stomach and placed in an anticoagulation tube contain-
ing disodium ethylenediaminetetraacetate (EDTA-Na2). One
hundred microliters of the whole blood were mixed with fluo-
rescein-labeled mouse anti-human monoclonal antibody and
20 pL of homotype control IgG. The reaction was kept away
from light at room temperature for 30 minutes and comput-
erized detection was completed within 1 h after hemolysis.
The lymphocyte group then was identified and 10 000 cells
were captured from it. Lymphocyte surface markers were an-
alyzed for 2 parameters and the percentages of cells positive
for CD3 alone, CD3 and CD4, CD3 and CD8, CD3 and CD19,
and of natural killer (NK) cells were calculated. At the end of
the study, participants received a letter with their results and
a summary report. A meeting was organized to communicate
the overall results to them and to further explain the findings
at an individual level.

Statistical Analysis

Data analysis was performed using SPSS software, version
25.0. The normality of data distribution was tested with a
Kolmogorov-Smirnov test; if the distribution was abnormal, the
data were transformed logarithmically. Spearman rank corre-
lation and multivariable linear regression analyses were used
to analyze the relationship between demographic character-
istics, immune variables, and job burnout. Because the data
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Table 1. Demographic data for 105 female oncology nurses in a
tertiary oncology center in Guangxi, China.

Demographic data Number Cons'tituent
(n) ratio (%)
Age group

. <oyeasod 57 543
"""" s30yearsod 48 457
Maritalstatws
"""" waried e 511
"""" Unmaried 45 49
Fixed department
e 8 781
"""" N 23 29
lengthof service
- <oyeas 3 695
"""" stoyeas 32 305
Headnurseorabove
Y1 105
"""" N e g5
 Number of responsible patients perday
. <lopatients B mno
"""" >10patients & 590

regarding EE, DP, PA, C4, and levels of CD4 and CD8 positivity
showed abnormal distributions before and after logarithmic
transformation, nonparametric tests were carried out to ex-
amine the differences in immune variables among meaning-
ful burnout symptom groups in the regression equation. The
significance level for all tests was set at P<0.05.

Results

Table 1 shows the demographic data for the nurses. The
scores for the EE, DP, and PA scales were analyzed. The medi-
an scores were as follows: EE, 2.59+1.03; DP, 2.04+0.94; and
PA, 3.28+0.77. The MBI-GS scores are shown in Table 2.

Correlation of Demographic Data and Burnout Index with
Immune Variables

Table 3 shows that DP scores were positively correlated with
C3 and C4 (P<0.05 and P<0.01, respectively) and that PA scores
were negatively correlated with CD4 and CD8 positivity (P<0.05).
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Table 2. Maslach Burnout Inventory-General Survey results The demographic data were incorporated into a multivariable
for 105 female oncology nurses at a tertiary oncology linear regression model for correction. The results of the corre-
center in Guangxi, China. lations between DP and C4 and between PA and the CD4- and

CD8-positive cells then were entered into the regression equa-
Burnout e Number Constituent tion (Table 4). In the nurses whose DP symptoms were more
index ) ratio (%) serious, C4 levels increased (P<0.05). In contrast, the more se-
0-1.49 10 9.5 rious the PA symptoms were, the lower the ratio of CD4- and
"""""""""""""""""""""""""""""""""""""" CD8-positive cells and the greater the adverse effect on cellu-
EE 1.5-3.49 82 78.1 . ..
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, lar immune function in the nurses (P<0.01).
3.5-6 13 12.4
0-1.49 25 238 Kruskal-Wallis Test of Burnout Index for C4 and the CD4/
——————————————————————————————————————————————————————————————————————— CD8 Ratio
DP 1.5-3.49 73 69.5
356 7777777777777777777 7 7777777777777777777777 67 77777777 Figure 1 shows the differences in C4 levels among the 3 DP
""""""""""""""""""""""""""""""""""""""""""""""""" groups and the differences in the levels of CD4 and CD8 posi-
0-1.49 2 1.9

tivity among the 3 PA groups (P<0.01). The C4 levels were sig-
PA 1.5-3.49 55 52.4 nificantly higher in the severe DP group than in the mild-to-
"""""""""""""""""""""""""""""""""""""" moderate DP group and the levels of CD4 and CD8 positivity
were higher in the mild PA group than in the moderate and
* Maslach Burnout Inventory-General Survey (MBI-GS).The severe PA groups (P<0.05).
scores of each dimension: (1) mild burnout (scores 0-1.49);
(2) moderate burnout (scores 1.50-3.49); (3) severe burnout
(scores 3.50-6).

Discussion

Our study revealed that levels of C3 and C4, and of CD4 and
CD8 positivity were significantly associated with burnout

Table 3. Correlation between immune variables and demographic data and burnout index.

Humoral immunity (g/L) Complement (g/L) Cellular immunity (/mm?3) of [% to lymphocytes]

Variables

EE -0.022  -0.071 0.030 -0.014 0.071 -0.083 -0.001 -0.031 0.046 0.122 0.051
DP 0003 -00% 0001 0206 0345 -0083 -0033 -0047 0048 0102 -0.101
A 0063 0027 -0089 0097 -0138 0016 -0.147 0182 -0242 0071 0042
CAgegoup 0032 0098 0243 0274° 0133 0084 0032 -0034 0057 0005 -0172
Maritalstatus  0.178 0004 -0192* 0265 -0.19 0189 -0080 0165 -0178 0009 0022
Fixed department 0073 0015 -0203% 0318 0335 0158 -0014 0138 -0107 -0035 0038
Clengthofsevice  -0.086 -0010 0158 018 0049 -0.197° -0044 -0066 -0.021 -0037 -0.094

Head nurse or above 0.198* -0.081 -0.225* -0.134 -0.178 0.029 0.017 -0.129 0.100 0.108 0.122

Number of
responsible patients 0.095 -0.100 0.158 0.234* -0.022 0.003 0.094  -0.055 0.092 -0.058 0.1982
per day
M£S 14.725  1.501 2.423 1.011 0.205 68.442 36.008 26.077 1.450 12.043 11.050

+2.357 +0.592 +0.780 +0.162 +0.065 +6.879 +0.832 +0.558 +0.414 +5.603 +3.630

* Emotional exhaustion (EE), depersonalization (DP), personal accomplishment (PA),complement component 4 (C4),complement
component 3 (C3). Statistical significance of the Spearman correlation coefficient: 2 p<0.05, ® p<0.001.
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Table 4. Multivariable linear regression analysis of the burnout index for immune variables.

Criterion variables Entered variables

C4 (g/L) DP (score) 0.027

CD4+/CD8+ [% to lymphocytes] PA (score) -0.198

0.216 2.223

-0.256 -2.693 0.008 7.252 0.066

* Depersonalization (DP), personal accomplishment (PA),complement component 4 (C4). Statistical significance of the multiple linear

regression analysis coefficients: p<0.05.

A B
037 P=0.001 2.57 P=0.032
F=13.103 < F=6.897
=
S 204
02 £
= 2 154
> =
= s
a 10_
0.1 £
[ Mild 5
W Moderate & 0.5
M Severe o
0.0 0.0
Depersonalization Personal accomplishment

Figure 1. Differences in complement component 4 (C4) levels among the 3 depersonalization (DP) groups and in levels of CD4 and
CD8 positivity among the 3 personal accomplishment (PA) groups. * Serum measurements of C4 and feelings of DP and the
CD4/CD8 lymphocyte ratio and feelings of PA, assessed by the Maslach Burnout Inventory-General Survey. (A) C4 levels were
significantly increased in the severe DP group compared with the mild and moderate DP groups. (B) The ratio of CD4- to
CD8-positive cells was significantly lower in the severe PA group compared with the mild and moderate PA groups.

symptoms. Furthermore, there was a correlation between demo-
graphic data and humoral and cellular immunity. Multivariable
linear regression analysis showed that C4 levels were closely
related to DP and that levels of CD4 and CD8 positivity were
closely related to PA.

The Agency for Healthcare Research and Quality estimated
that burnout affects 10% to 70% of nurses and 30% to 50% of
physicians, nurse practitioners, and physician assistants [21].
Nurses comprise one of the largest groups of healthcare work-
ers and have a high incidence of job burnout in the face of
high-intensity, stressful work. Comparative studies have shown
that the rate of job burnout among nurses in an Oncology
Department is higher than that among nurses in a General
Surgery Department [8,22]. Job burnout is psychological stress
that can affect immune function [23]. Exploring part of the im-
mune spectrum among nurses experiencing burnout could re-
veal information about key physiological changes and provide
guidance about how to prevent job burnout.

The Spearman rank correlation analysis performed in the pres-
ent study showed that C3 and C4 levels were significantly pos-
itively correlated with DP but not with EE and PA. That was
consistent with the finding on the nonparametric test that
C4 levels were higher among people with a greater tendency

toward DP. Job burnout, as a kind of chronic stress, report-
edly can promote an increase in inflammatory factors in the
body [24]. Complement is a key factor in innate and acquired
immunity and plays an important role in induction and con-
traction of T cells and in the inflammatory response [25,26].
When an inflammatory response occurs, complement-adaptive
activation plays a dual role in the inflammatory response and
protection from it [27]. Therefore, our results suggest that high
levels of DP can cause an inflammatory response, thus stim-
ulating an adaptive increase in C4 levels. Conversely, accord-
ing to the job burnout theory proposed by Jackson et al, EE is
similar to the traditional stress variable, whereas DP seems
to be a kind of stress response related to working conditions
that require a high level of emotional reserves [28]. In a study
of doctors and nurses in the Oncology Department, the fre-
quency of job burnout was very high [29]. Comparative studies
have shown that nurses, particularly those working in oncolo-
gy, have a higher risk of burnout than other medical staff [22].
Nurses working in hospitals that specialize in oncology often
are faced with patients who have cancer and are in pain and
for whom effective treatment is lacking. Thus, these nurses
must be able to resist pressure and have greater emotional
reserves than their counterparts in other departments, which
results in the production of DP. Moreover, the correlation anal-
ysis showed that having the rank of Head Nurse or above was
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positively correlated with the proportion of NK cells, which is
consistent with the results from Nagai et al [2]. As a result of
that shift in the cells, the subjective experience of fatigue is
more intense and their activity is decreased, which seems to
reflect the degree of fatigue felt by the medical staff. A report
by Okamoto et al [3] also supported this view; however, in
China, Head Nurses and nurses above that rank do not work
in shifts, their circadian rhythms are normal, and their degree
of fatigue is lower than that of other nurses.

In the present study, when PA increased, levels of CD4- and
CD8-positivity decreased significantly. A Spearman rank corre-
lation analysis also showed a significant negative correlation
between levels of CD4- and CD8-positive cells and PA, which
suggested that the more significant PA is, the lower the ra-
tio of CD4- and CD8-positive cells that can influence cellular
immunity. Many studies have shown that psychosocial stress
(eg, job burnout) is related to immune system disorders that
affect immune factors and immune cells, such as a decrease
in NK cell activity, an increase in the ratio of CD4- and CD8-
positive cells, and inflammatory markers [30]. The nurses in
the present study had symptoms of severe job burnout, es-
pecially related to PA: 98.1% of respondents reported at least
moderate levels of PA. Compared with nurses in other general
departments, nurses in oncology departments serve patients
with cancer, for whom the effects of treatment and outcomes
are not as good as those seen with other disease and condi-
tions; that clinical working environment is an important fac-
tor affecting the degree of job burnout [31]. Therefore, nurses
have lower awareness of PA and greater psychological pres-
sure regarding the imbalance of efforts. A previous meta-anal-
ysis found that an effort/reward imbalance in the work en-
vironment is associated with lower immunity [32]. Studies of
nurses also have shown that an effort/reward imbalance at
work is a strong risk factor for job burnout [33], thus increas-
ing the severity of EE and DP and reducing PA [34]. Other find-
ings from experimental and semi-experimental studies have
shown that this effort/reward imbalance is strongly correlat-
ed with markers of reduced immune ability [35] and a signifi-
cant decrease in the ratio of CD4- and CD8-positive cells [36].

Our results indicated that C4 levels increased when nurses in
the Oncology Department reported severe DP, whereas levels
of CD4- and CD8-positive cells increased in nurses with low
PA levels, suggesting that DP and PA are not only psychoso-
matic diseases but also occupational health problems that are

CuiJ. etal:
Job burnout and immune function in female oncology nurses...
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related to some indices that reflect immune function. Nurses
with job burnout have DP symptoms, which reduce job effort
and adversely affect the care of patients. A literature search
showed that improving the working environment, reducing the
occurrence of violence in it [37], and enhancing social support
can help relieve work-related stress for nurses [38]. Previous
studies have shown that psychological [39] and behavioral
interventions can enhance brain adaptation to immune func-
tion, thus enhancing immunity [40]. This provides a manage-
ment basis for hospital nursing managers, suggesting that in
the early stage of burnout, appropriate psychological motiva-
tion and behavioral interventions can be implemented to re-
duce job burnout, improve levels of PA among nurses, and
enhance their immunity, thus enabling them to better serve
patients. Therefore, the impact of job burnout and immune
function needs to be further studied.

While the present study exploring the relationship between
job burnout and immune function in Chinese oncology nurs-
es was innovative, it had some limitations. First, the partici-
pants were nurses who met the requirements for enrollment
and volunteered to participate in the study and the sample
size was not predetermined. Second, the study sample was
small and no data from male nurses were analyzed; their job
burnout status and biochemical markers need to be studied.
Third, the sample was recruited from a single oncology hospi-
tal in China and the results should be interpreted cautiously.
Finally, the present study measured job burnout and immune
function at a single point in time; therefore, it is not possi-
ble to speculate about the potential mechanism for the caus-
al relationship between the parameters that were evaluated.
Longitudinal research should be carried out to obtain a deep-
er understanding of this relationship.

Conclusions

In summary, DP and PA have an impact on immune function
in nurses in an Oncology Department and timely psychologi-
cal and behavioral interventions can be used to reduce the de-
gree of job burnout among them and to regulate their immu-
nity, thus enabling them to better serve patients.
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