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Background: Occupational burnout is a type of psychological syndrome. It can 
lead to serious mental and physical disorders if not treated in time. However, 
individuals tend to conceal their genuine feelings of occupational burnout because 
such disclosures may elicit bias from superiors. This study aims to explore a novel 
method for estimating occupational burnout by elucidating its links with social, 
lifestyle, and health status factors.

Methods: In this study 5,794 participants were included. Associations between 
occupational burnout and a set of features from a survey was analyzed using Chi-
squared test and Wilcoxon rank sum test. Variables that are significantly related 
to occupational burnout were grouped into four categories: demographic, work-
related, health status, and lifestyle. Then, from a network science perspective, 
we  inferred the colleague’s social network of all participants based on these 
variables. In this inferred social network, an exponential random graph model 
(ERGM) was used to analyze how occupational burnout may affect the edge in 
the network.

Results: For demographic variables, age (p  < 0.01) and educational background 
(p  < 0.01) were significantly associated with occupational burnout. For 
work-related variables, type of position (p  < 0.01) was a significant factor as 
well. For health and chronic diseases variables, self-rated health status, 
hospitalization history in the last 3 years, arthritis, cardiovascular diseases, high 
blood lipid, breast diseases, and other chronic diseases were all associated 
with occupational burnout significantly (p  < 0.01). Breakfast frequency, dairy 
consumption, salt-limiting tool usage, oil-limiting tool usage, vegetable 
consumption, pedometer (step counter) usage, consuming various types 
of food (in the previous year), fresh fruit and vegetable consumption (in the 
previous year), physical exercise participation (in the previous year), limit salt 
consumption, limit oil consumption, and maintain weight were also significant 
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factors (p  < 0.01). Based on the inferred social network among all airport workers, 
ERGM showed that if two employees were both in the same occupational 
burnout status, they were more likely to share an edge (p  < 0.0001).

Limitation: The major limitation of this work is that the social network for 
occupational burnout ERGM analysis was inferred based on associated factors, 
such as demographics, work-related conditions, health and chronic diseases, 
and behaviors. Though these factors have been proven to be  associated with 
occupational burnout, the results inferred by this social network cannot 
be warranted for accuracy.

Conclusion: This work demonstrated the feasibility of identifying people at 
risk of occupational burnout through an inferred colleague’s social network. 
Encouraging staff with lower occupational burnout status to communicate with 
others may reduce the risk of burnout for other staff in the network.

KEYWORDS

occupational burnout, network science, health management, exponential random 
graph model, social networks

1. Introduction

Occupational burnout is a complex and multifaceted phenomenon 
that has become an increasingly prevalent concern in the field of 
psychology and psychiatry. It is defined as a psychological syndrome 
that results from prolonged exposure to chronic work stressors (1). 
From a psychological perspective, occupational burnout is often seen 
as the result of a mismatch between an individual’s personal 
characteristics and the demands of their work environment. From a 
psychiatric perspective, occupational burnout is often viewed as a form 
of depression or anxiety (2, 3). Such evidence suggests that although 
burnout is an occupational experience rather than a clinical diagnosis 
of mental health disorders, it does play a role in the onset of anxiety and 
depression symptoms, which are considered psychological ailments, 
among employees in the workplace. Individuals experiencing 
occupational burnout often report a sense of emotional exhaustion, 
depersonalization, and reduced personal accomplishment. These 
symptoms can lead to a range of negative outcomes, including decreased 
job performance, increased absenteeism, and reduced overall 
job satisfaction.

The consequences of occupational burnout are far-reaching 
and can have significant psychopathological, social, and economic 
implications. Psychopathologically, burnout can lead to an 
increased risk of mental health disorders such as depression and 
anxiety. Socially, burnout can lead to a breakdown in interpersonal 
relationships and increased social isolation. Economically, 
burnout can lead to decreased productivity, increased absenteeism, 
and increased healthcare costs. The cultural context in which 
occupational burnout is studied is also important to consider. In 
some cultures, there may be greater stigma associated with mental 
health concerns, making it more difficult for individuals to seek 
help. Additionally, the economic and social factors that contribute 
to burnout may vary depending on the cultural context. Therefore, 

it is important to understand the specific cultural factors that 
contribute to burnout in a given context to effectively address 
the problem.

Recognizing employees suffering from occupational burnout is not 
implemented routinely, which impedes timely control and prevention 
in the workplace. Measuring occupational burnout using a traditional 
scale is susceptible to bias due to the fear of losing one’s job if recognized 
as burnout. Therefore, understanding the characteristics of occupational 
burnout as a proxy to identify staff at risk offers an opportunity for 
early prevention.

Existing studies analyzing characteristics of occupational 
burnout mainly used traditional statistical methods such as 
descriptive data analysis, regression models, analysis of variance 
(ANOVA), statistical testing, structural equation models, and so 
on (4–10). The limitation of such traditional statistical 
methodology is the incapability of capturing the relationship of 
high-dimensional features interacting with each other, which 
contributes to the complexity of occupational burnout. Besides, as 
staff working in the same corporation is interconnected, the 
above-mentioned conventional methods may ignore the social 
network characteristics shared among them with or 
without burnout.

To fill the aforementioned gaps, we introduced the network 
science approach and examined its potential in solving the sparse 
problems in high dimensional data. We assumed that employees 
at the same place of employment as the social network existed. 
Therefore, the proposed network science analysis methodology is 
valid and can draw social network features among all the staff. 
This study aims to test the network science approach in capturing 
features on occupational burnout from high dimensional data 
from a big corporation staff survey. We also aim to provide new 
insights for occupational burnout prevention gained from the 
network science perspectives.
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2. Materials and methods

2.1. Data source and study population 
characteristics

This study utilized a cross-sectional survey of corporate employees 
in China as its data source. A survey questionnaire was distributed 
online to all units and employees of the Guang Zhou Baiyun 
International Airport Company on November 7, 2021 and was 
collected on November 11, 2021, with a total of 6,689 questionnaires 
returned. After excluding the invalid samples, there were 5,794 
(86.6%) completed surveys included in this analysis. The respondents 
came from different types of work attribute, including administrative 
(394/5,794, 6.8%), technicians (2,810/5,794, 48.5%), security officers 
(2,458/5,794, 42.4%), caterers, and information technology staff. 
Through a self-administered questionnaire, all respondents submitted 
information on five aspects, including demographic, work-related, 
health status, lifestyle, and occupational burnout. Occupational 
burnout was measured using Chinese version of the Maslach Burnout 
Inventory–General Survey (MBI-GS), which was one of the most 
widely used instruments to measure burnout. The MBI-GS is a 
16-item, 7-point Likert-type scale self-report measure that evaluates 
attitudes regarding one’s work. It contains three subscales: emotional 
exhaustion, cynicism, and professional efficacy. Individual’s mean 
subscale scores were calculated and compared with the critical 
boundaries for the burnout profiles of the study group. Respondents 
with two or more subscale scores that were higher than the critical 
boundaries were considered as burnout, otherwise as not burnout.

2.2. Statistical testing methods

We first identified the relationship between occupational burnout 
and a number of characteristics that fall into four broad categories: 
demographic, work-related, health condition, and lifestyle.

For categorical variables, we used Chi-squared tests to compare 
differences between occupational burnout and non-occupational 
burnout participants. For continuous variables, due to non-normality, 
Wilcoxon rank sum tests were incorporated in our analysis. Social 
network inference.

From network science perspective, we assumed the staff who were 
working together at the same company shared a social network (11). 
We  inferred the social network of all participants by proposing a 
Survey2Vector method. Our inference was based on homogeneous 
network, where nodes sharing similar attributes are more likely to link 
each other (12). Such similar attributes, in this study, refer to 
demographic, work-related, health status, and lifestyle (13–20).

We proposed Survey2Vector method first represents all variables 
of demographic, work-related, health status, and lifestyle, after 
standardizing, as a vector for each participant, defined as Xi  where 
i = …1 2 5794, , , .  The dimension of each vector is n , which is the 
number of all variables of demographic, work-related, health status, 
and lifestyle. Each element lies in [0, 1] after standardizing. That is:

 
X i = x x xi i in1 2, , ,…( )

 
x for all i and l nil ∈[ ] = … = …0 1 1 2 5794 1 2, , , , , , , .

The participants/employees were treated as nodes in a social 
network, then such each vector Xi  can indicate attributes of each 
node i.  We further calculated the similarity Sij ∈[ ]0 1,  between the 
node i  and the node j  by using the cosine similarity definition:
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Therefore, we can obtain a cosine similarity matrix among all 
respondents (i.e., nodes) considering variables of demographic, work-
related, health status, and lifestyle. This matrix M  equals to an 
adjacency similarity matrix:

 
M Sij=   .

Then, we set a threshold value t  for determining the adjacency 
matrix ′M :

 
′ 
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This threshold value t was set according to the estimated average 
degree of each node (respondent) which was estimated by the human 
resource director of the company. Finally, we obtained the inferred 
social network based on the adjacency matrix ′M .

2.3. Exponential random graph model

In the above-inferred social network among all employees, an 
exponential random graph model (ERGM) is utilized to analyze 
how occupational burnout may affect the edge in this social 
network. ERGM has been widely used in social network analysis 
(21, 22). The assumption of ERGM is that the probability of each 
graph is proportional to some network measures in an exponential 
way. Specifically, the probability of observing the current network 
(y) can be parameterized in the following form (23, 24):
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where X is a matrix of attributes (covariate vector) for nodes and 
edges. A is the set of all network configurations. g y Xa ,( )  refers to 
the network statistics corresponding to configuration a, and is 
determined by:

 
g y X y
a ,

the configuration is observed in the network

ot
( ) = 1

0

,

, hherwise





θa  is the coefficient corresponding to configurations g y Xa ,( ) . 
κ  is a normalizing term to satisfy the probability sum to 1.

Exponential random graph model estimates the prevalence of all 
configurations, thus can help us to explore the relationship between 
the occupational burnout status of nodes (employees) and the social 
network linkages. We adopt Markov Chain Monte Carlo Maximum 
Likelihood Estimation (MCMCMLE) to maximize the possibility of 
the observed network structure (25). To investigate the occupational 
burnout of each node, we further adopted two models: zero model 
and node-attribute model. The zero model, considering only the 
number of edges, was treated as a control group. The node-attribute 
model accounted for node attributes (i.e., occupational burnout of 
each node) on the base of the zero model. We presented the results of 
the model with lower AIC and BIC values.

3. Results

3.1. Statistical testing results

For demographic variables, age (p < 0.01) and education 
background (p < 0.01) were significantly associated with occupational 
burnout. For work-related variables, type of position (p < 0.01) was a 
significant factor for occupational burnout. High occupational 
burnout risk was most prevalent among aviation technician workers 
(37.8%). For health status variables, self-rated health status, hospital 
admission history in the last 3 years, arthritis, cardiovascular diseases, 
high blood lipid, breast diseases, and other chronic diseases were all 
associated with occupational burnout significantly (p < 0.01). For 
lifestyle variables, breakfast frequency, dairy consumption, salt-
limiting tool usage, oil-limiting tool usage, vegetable consumption, 
pedometer (step counter) usage, consuming various types of food (in 
the past year), fresh fruit and vegetable consumption (in the past 
year), physical exercise participation (in the past year), limit salt 
consumption, limit oil consumption and keep weight were also 
significant correlated with occupational burnout (p < 0.01). More 
details of results can be found in the following Table 1.

3.2. The inferred social network

Following the steps outlined in the preceding method section, 
we obtained the adjacency similarity matrix M , which is illustrated 
in Figure 1 for the first 10 participants (employees).

By setting the threshold value t = 0 7799. , we  obtained our 
inferred social network, which is shown in the following Figure 2. The 
Figure 2A presents the inferred colleagues’ social network in a sparse 

way, while the Figure  2B presents the inferred colleagues’ social 
network densely.

3.3. Exponential random graph model 
results

The following Table 2 displays the estimated values of coefficients 
and statistical test results for ERGM model on the association between 
the occupational burnout and the inferred social network.

The results of the ERGM can be interpreted as follows. If two 
nodes (employees) were both in high risk of occupational burnout, 
they were more likely to be connected by an edge in our inferred social 
network. Similarly, if these two nodes (employees) both had a low risk 
of occupational burnout, they were also more likely to be  linked 
through an edge in this inferred social network. In other words, 
whether or not two employees shared the same occupational burnout 
status significantly mattered in this social network (p < 0.001).

4. Discussion

This study is the first to employ a network science approach to 
explore the social, lifestyle, and health status characteristics as a proxy 
to identify personnel at risk of occupational burnout. Our findings 
suggest that occupational burnout populations can be grouped based 
on distinct social, behavioral, and biological characteristics. Those 
with the same occupational burnout status (e.g., low or high) are more 
likely to be connected via an edge in an inferred social network. This 
study extends our knowledge in identifying occupational burnout 
from a network science perspective. Instead of employing a 
stigmatized and notorious scale, we can deduce a person’s burnout 
status based on the social network to which he  or she belongs. 
Meanwhile, our study also shreds lights on the promoting workplace 
health in a network scale.

In this study, the association between occupational burnout and 
demographic, work-related, health & chronic disease, and lifestyle 
characteristics was identified. These associated factors include age, 
educational background, type of position, hospitalization history, 
cardiovascular illnesses, consumption of fresh fruits and vegetables, 
and physical activity involvement, among others. Our findings are 
consistent with previous studies considering similar factors across 
several industries (26–31). Consequently, the inferred social network 
constructed using these features makes good sense, and the inferences 
made within the network are reliable. In addition to corroborating 
current research, our findings demonstrate that mental health issues 
and psychological syndromes can spread across a social network 
(32–36). Our findings suggest that occupational burnout may also 
be infectious through the colleague’s social network.

Potential implications usually lie in interventions for occupational 
burnout based on the identified factors (37). For example, the 
company can provide more fresh fruits and vegetables in the staff 
canteen and may provide fitness areas for employee use (38, 39). Based 
on the findings of this study from the perspective of network science, 
the company may encourage employees whose occupational burnout 
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TABLE 1 Characteristics of participants categorized by burnout risk.

Category Variable Overall (N = 5,794) Burnout risk Value of p

Low (n = 5,066) High (n = 728)

Demographic Age (years)* 33.0 (25–41) 33.0 (25–41) 31.0 (25–39) < 0.01

Female 2,175 (62.5) 1882 (37.1) 293 (40.2) 0.11

Marital status 0.01

Married 3,371 (58.2) 2,987 (59.0) 384 (52.7)

Unmarried 2,263 (39.1) 1946 (38.4) 317 (43.5)

Widowed 18 (0.3) 15 (0.3) 3 (0.4)

Divorced 142 (2.5) 118 (2.3) 24 (3.3)

Education background < 0.01

High school 1,253 (21.6) 1,127 (22.2) 126 (17.3)

College 2,728 (47.1) 2,359 (46.6) 369 (50.7)

University 1,661 (28.7) 1,440 (28.4) 221 (30.4)

Graduate 152 (2.6) 140 (2.8) 12 (1.6)

Work related Type of position < 0.01

Management 394 (6.8) 352 (6.9) 42 (5.8)

Profession 1,192 (20.6) 1,039 (20.5) 153 (21.0)

Aviation Technology 1863 (32.2) 1,588 (31.3) 275 (37.8)

General Technology 947 (16.3) 842 (16.6) 105 (14.4)

Assistant 1,398 (24.1) 1,245 (24.6) 153 (21.0)

Professional grade 0.08

6–8 1,159 (26.2) 1,353 (26.7) 166 (22.8)

9–10 2,166 (37.4) 1858 (36.7) 308 (42.3)

11–13 1,234 (21.3) 1,084 (21.4) 150 (20.6)

14–15 370 (6.4) 328 (6.5) 42 (5.8)

16–18 341 (5.9) 300 (5.9) 41 (5.6)

19 or above 144 (2.5) 124 (2.4) 20 (2.7)

others 20 (0.4) 19 (0.4) 1 (0.1)

(Continued)

https://doi.org/10.3389/fpsyt.2023.1119421
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Jin
g

 et al. 
10

.3
3

8
9

/fp
syt.2

0
2

3.1119
4

2
1

Fro
n

tie
rs in

 P
sych

iatry
0

6
fro

n
tie

rsin
.o

rg

Category Variable Overall (N = 5,794) Burnout risk Value of p

Low (n = 5,066) High (n = 728)

Health and chronic diseases Self-rated health status < 0.01

Healthy 1,202 (20.8) 1,093 (21.6) 109 (15.0)

Relatively healthy 1,208 (39.8) 2,107 (41.6) 201 (27.6)

Sub-health 1930 (33.3) 1,605 (31.7) 325 (44.6)

Unhealthy 354 (6.1) 261 (5.2) 93 (12.8)

Hospital admission in the last 3 years < 0.01

Two or more times 182 (3.1) 144 (2.8) 38 (5.2)

Once 654 (11.3) 577 (11.4) 77 (10.6)

Never 4,958 (85.6) 4,345 (85.8) 613 (84.2)

Arthritis < 0.01

Yes 1,125 (19.4) 936 (18.5) 189 (26.0)

No 4,669 (80.6) 4,130 (81.5) 539 (74.0)

High blood pressure 0.09

Yes 458 (7.9) 389 (7.7) 69 (9.5)

No 5,336 (92.1) 4,677 (92.3) 659 (90.5)

Cardiovascular diseases < 0.01

Yes 91 (1.6) 66 (1.3) 25 (3.4)

No 5,703 (98.4) 5,000 (98.7) 703 (96.6)

High blood lipid < 0.01

Yes 506 (8.7) 412 (8.1) 94 (12.9)

No 5,288 (91.3) 4,654 (91.9) 634 (87.1)

Breast diseases < 0.01

Yes 283 (4.9) 226 (4.5) 57 (7.8)

No 5,511 (95.1) 4,840 (95.5) 671 (92.2)

Overweight 0.07

Yes 1,001 (17.3) 858 (16.9) 143 (19.6)

No 4,793 (82.7) 4,208 (83.1) 585 (80.4)

Other chronic diseases < 0.01

Yes 804 (13.9) 651 (12.9) 153 (21.0)

No 4,990 (86.1) 4,415 (87.1) 575 (79.0)

TABLE 1 (Continued)

(Continued)
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(Continued)

Category Variable Overall (N = 5,794) Burnout risk Value of p

Low (n = 5,066) High (n = 728)

Lifestyle Breakfast frequency* < 0.01

Almost everyday 3,190 (55.1) 2,868 (56.6) 322 (44.2)

3 days or more per week 2,123 (36.6) 1821 (35.9) 302 (41.5)

Less than 1 day per week 481 (8.3) 377 (7.4) 104 (14.3)

Smoked food consumption 0.04

Often 431 (7.4) 360 (7.1) 71 (9.8)

Sometimes 3,925 (67.7) 3,443 (68.0) 482 (66.2)

Almost never 1,438 (24.8) 1,263 (24.9) 175 (24.0)

Diary consumption < 0.01

< 200 ML/day 2,590 (44.7) 2,261 (44.6) 329 (45.2)

200–300 ML/day 1,072 (18.5) 976 (19.3) 96 (13.2)

> 400 ML/day 178 (3.1) 158 (3.1) 20 (2.7)

Almost never 1954 (33.7) 1,671 (33.0) 283 (38.9)

Salt-limiting tool usage < 0.01

Almost never 3,853 (66.5) 3,329 (65.7) 524 (72.0)

Sometimes 985 (17.0) 885 (17.5) 100 (13.7)

Often 411 (7.1) 370 (7.3) 41 (5.6)

Always 545 (9.4) 482 (9.5) 63 (8.7)

Change of taste 0.04

Salty 638 (11.0) 539 (10.6) 99 (13.6)

Light 1,461 (25.2) 1,273 (25.1) 188 (25.8)

No change 3,695 (63.8) 3,254 (64.2) 441 (60.6)

Oil-limiting tool usage < 0.01

Almost never 4,209 (72.6) 3,637 (71.8) 572 (78.6)

Sometimes 803 (13.9) 726 (14.3) 77 (10.6)

Often 368 (6.4) 332 (6.6) 36 (4.9)

Always 414 (7.1) 371 (7.3) 43 (5.9)

Change of oil consumption 0.03

More 469 (8.1) 395 (7.8) 74 (10.2)

Less 1,338 (23.1) 1,189 (23.5) 149 (20.5)

TABLE 1 (Continued)
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Category Variable Overall (N = 5,794) Burnout risk Value of p

Low (n = 5,066) High (n = 728)

No change 3,987 (68.8) 3,482 (68.7) 505 (69.4)

Vegetable consumption < 0.01

Almost never 442 (7.6) 379 (7.5) 63 (8.7)

1–3 times/week 1,266 (21.9) 1,094 (21.6) 172 (23.6)

4–6 times/week 1,088 (18.8) 977 (19.3) 111 (15.2)

1 time/day 961 (16.6) 858 (16.9) 103 (14.1)

2 times/day 876 (15.1) 779 (15.4) 97 (13.3)

3 times/day 150 (2.6) 132 (2.6) 18 (2.5)

Do not remember 1,011 (17.4) 847 (16.7) 164 (22.5)

Pedometer (step counter) usage < 0.01

Often 1,615 (27.9) 1,435 (28.3) 180 (24.7)

Sometimes 1,492 (25.8) 1,333 (26.3) 159 (21.8)

Never 2,687 (46.4) 2,298 (45.4) 389 (53.4)

Weight status 0.03

Underweight 778 (13.4) 663 (13.1) 115 (15.8)

Normal 2,192 (37.8) 1939 (38.3) 253 (34.8)

Overweight 2,348 (40.5) 2061 (40.7) 287 (39.4)

Do not know 476 (8.2) 403 (8.0) 73 (10.0)

Smoking (in the past year) 0.08

Everyday 1,128 (19.5) 973 (19.2) 155 (21.3)

Sometimes 760 (13.1) 682 (13.5) 78 (10.7)

Never 3,906 (67.4) 3,411 (67.3) 495 (68.0)

Consumed various types of food (in the past year) < 0.01

Yes 4,095 (70.7) 3,629 (71.6) 466 (64.0)

No 1,699 (29.3) 1,437 (28.4) 262 (36.0)

Fresh fruit and vegetable consumption (in the past year) < 0.01

Enough 3,027 (52.2) 2,701 (53.3) 326 (44.8)

Not enough 2,767 (47.8) 2,365 (46.7) 402 (55.2)

Oily food consumption (in the past year) 0.02

TABLE 1 (Continued)

(Continued)
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Category Variable Overall (N = 5,794) Burnout risk Value of p

Low (n = 5,066) High (n = 728)

Often 1,372 (23.7) 1,174 (23.2) 198 (27.2)

Not often 4,422 (76.3) 3,892 (76.8) 530 (72.8)

Physical exercise participation (in the past year) < 0.01

Often 2,657 (45.9) 2,400 (47.4) 257 (35.3)

Not often 3,137 (54.1) 2,666 (52.6) 471 (64.7)

Limit salt consumption < 0.01

Yes 3,633 (62.7) 3,239 (63.9) 394 (54.1)

No 2,161 (37.3) 1827 (36.1) 334 (45.9)

Limit oil consumption < 0.01

Yes 2,855 (49.3) 2,543 (50.2) 312 (42.9)

No 2,939 (50.7) 2,523 (49.8) 416 (57.1)

Keep weight < 0.01

Yes 3,009 (49.3) 2,702 (53.3) 307 (42.2)

No 2,785 (50.7) 2,364 (46.7) 421 (57.8)

Walk time (min/week) 80.0 (60–180) 76.5 (60–180) 80 (60–264) 0.11

*median (interquartile range, IQR) were reported for numerical variables; count (%) were reported for categorical variables.

TABLE 1 (Continued)
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status is low to make more friends or contacts, or work together with 
colleagues on some projects. For employees with a high level of 
occupational burnout, the organization may provide support by 
offering confidential assessments, short-term counselling, etc., and 
assign them more independent tasks.

The major limitation of this work is that the social network for 
occupational burnout ERGM analysis was inferred based on associated 
factors, such as demographics, work-related conditions, health and 
chronic diseases, and behaviors. Even though these factors have been 
proven to be associated with occupational burnout, the accuracy of the 
conclusions derived from this social network have not been verified. 
Due to heterogeneity of the type of business and nature of work, social 
network established in one workplace may not be transferable to others. 
In future work, we will try to use various indicators of the subjects 
(demographic, work-related, health status, lifestyle) to predict 
occupational burnout and further explore its practical value.

In conclusion, this study demonstrated the feasibility of 
identifying occupational burnout through an inferred social 

network and shed new insights on the prevention of occupational 
burnout from a network science perspective. The outcomes of 
network inference should be  validated in the real-world  
setting.
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FIGURE 1

Similarity matrix for the first ten participants.

TABLE 2 Estimated values of coefficients and statistical test results for exponential random graph model (ERGM) model.

Configurations Estimated value 
(Std. Error)

Z-value p-Value AIC BIC

edges −4.65 (0.01) −371.59 <1e–04***

burnout −0.14 (0.01) −12.53 <1e–04***

nodematch.burnout 0.09 (0.01) 6.94 <1e–04*** 1,851,837 1,851,881

Denote: ***p < 0.001; **p < 0.01; *p < 0.05.
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https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry
https://doi.org/10.3389/fpsyt.2023.1119421
https://doi.org/10.3389/fpsyt.2025.1642874


Jing et al. 10.3389/fpsyt.2023.1119421

Frontiers in Psychiatry 12 frontiersin.org

References
 1. Maslach C, Leiter MP. Understanding the burnout experience: recent research and 

its implications for psychiatry. World Psychiatry. (2016) 15:103–11. doi: 10.1002/
wps.20311

 2. Hakanen JJ, Schaufeli WB. Do burnout and work engagement predict depressive 
symptoms and life satisfaction? A three-wave seven-year prospective study. J Affect 
Disord. (2012) 141:415–24. doi: 10.1016/j.jad.2012.02.043

 3. Koutsimani P, Montgomery A, Georganta K. The relationship between burnout, 
depression, and anxiety: a systematic review and meta-analysis. Front Psychol. (2019) 
10:284. doi: 10.3389/fpsyg.2019.00284

 4. Ozel E, Hacioglu U. Examining the relationship between burnout and job 
satisfaction of flight crew: an analysis on the critical fatigue risk factors in the aviation 
industry. IJBES. (2021) 3:01–20. doi: 10.36096/ijbes.v3i1.246

 5. Fanjoy RO, Harriman SL, DeMik RJ. Individual and environmental predictors of 
burnout among regional airline pilots. Int. J. Appl. Aviat. Stud. (2010) 10:15–30.

 6. Guo Y, Ji M, Yang Z, Wang H, You X. Mindfulness and burnout among Chinese 
civil pilots: mediation through fatigue and proactive coping. Soc Behav Pers. (2022) 
50:52–64. doi: 10.2224/sbp.11146

 7. Demerouti E, Veldhuis W, Coombes C, Hunter R. Burnout among pilots: 
psychosocial factors related to happiness and performance at simulator training. 
Ergonomics. (2019) 62:233–45. doi: 10.1080/00140139.2018.1464667

 8. Ozturk YE. Burnout syndrome of airline crews during crisis and Covid 19 in the 
world and Turkey. IJBES. (2020) 2:36–42. doi: 10.36096/ijbes.v2i4.232

 9. Rosenbloom T, Malka Y, Israel S. Job burnout of security guards of aviation 
company. Pers Rev. (2016) 45:557–68. doi: 10.1108/PR-07-2014-0161

 10. Ekore JO, Allui A, Al Shareef S, Zawawi R. A cross-sectional investigation of 
prevalence of occupational burnout in Saudi aviation industry. Int J Eng Bus Manag. 
(2020) 12:184797902094691. doi: 10.1177/1847979020946919

 11. Ellwardt L, Labianca G, Wittek R. Who are the objects of positive and negative 
gossip at work? Soc Networks. (2012) 34:193–205. doi: 10.1016/j.socnet.2011.11.003

 12. Franz M, Alberts SC. Social network dynamics: the importance of distinguishing 
between heterogeneous and homogeneous changes. Behav Ecol Sociobiol. (2015) 
69:2059–69. doi: 10.1007/s00265-015-2030-x

 13. Steinhaeuser K, Chawla NV. Community detection in a large real-world social 
network In: H Liu, JJ Salerno and MJ Young, editors. Social Computing, Behavioral 
Modeling, and Prediction [Internet]. Boston, MA: Springer US (2008). 168–75.

 14. Totterdell P, Wall T, Holman D, Diamond H, Epitropaki O. Affect networks: a 
structural analysis of the relationship between work ties and job-related affect. J Appl 
Psychol. (2004) 89:854–67. doi: 10.1037/0021-9010.89.5.854

 15. WmM B, Brass DJ. Relational correlates of interpersonal citizenship behavior: a 
social network perspective. J Appl Psychol. (2006) 91:70–82. doi: 10.1037/0021-9010. 
91.1.70

 16. Barsness ZI, Diekmann KA, Seidel MDL. Motivation and opportunity: the role of 
remote work, demographic dissimilarity, and social network centrality in impression 
management. AMJ. (2005) 48:401–19. doi: 10.5465/amj.2005.17407906

 17. Vachon MLS, Sheldon AR, Lancee WJ, Lyall WAL, Rogers J, Freeman SJJ. Correlates 
of enduring distress patterns following bereavement: social network, life situation and 
personality. Psychol Med. (1982) 12:783–8. doi: 10.1017/S0033291700049084

 18. Hansson L, Middelboe T, Sørgaard KW, Bengtsson-Tops A, Bjarnason O, Merinder 
L, et al. Living situation, subjective quality of life and social network among individuals 
with schizophrenia living in community settings: living situation and quality of life. Acta 
Psychiatr Scand. (2002) 106:343–50. doi: 10.1034/j.1600-0447.2002. 
02346.x

 19. Falk Dahl CA, Dahl AA. Lifestyle and social network in individuals with high level 
of social phobia/anxiety symptoms: a community-based study. Soc Psychiat Epidemiol. 
(2010) 45:309–17. doi: 10.1007/s00127-009-0069-6

 20. Bot SD, Mackenbach JD, Nijpels G, Lakerveld J. Association between social 
network characteristics and lifestyle Behaviours in adults at risk of diabetes and 
cardiovascular disease. PLoS ONE. (2016) 10:e0165041.

 21. He C, Ou G, Wu J. Characterizing research leadership flow diffusion: assortative 
mixing, preferential attachment, triadic closure and reciprocity In: K Toeppe and H Yan, 
editors. Diversity, Divergence, Dialogue [internet]. Cham: Springer International 
Publishing (2021). 190–8.

 22. Jing F, Zhang Q, Tang W, Wang JZ, Lau JTF, Li X. Reconstructing the social 
network of HIV key populations from locally observed information. AIDS Care. 
(2021):1–8. doi: 10.1080/09540121.2021.1883514

 23. Zhang C, Bu Y, Ding Y, Xu J. Understanding scientific collaboration: Homophily, 
transitivity, and preferential attachment. J Assoc Inf Sci Technol. (2018) 69:72–86. doi: 
10.1002/asi.23916

 24. Robins G, Pattison P, Kalish Y, Lusher D. An introduction to exponential random 
graph (p*) models for social networks. Soc Networks. (2007) 29:173–91. doi: 10.1016/j.
socnet.2006.08.002

 25. Handcock MS, Hunter DR, Butts CT, Goodreau SM, Morris M. Statnet: software 
tools for the representation, visualization, analysis and simulation of network data. J Stat 
Soft [Internet]. (2008):1548–7660. doi: 10.18637/jss.v024.i01

 26. Antoniou A-S, Polychroni F, Vlachakis A-N. Gender and age differences in 
occupational stress and professional burnout between primary and high-school  
teachers in Greece. J Manag Psychol. (2006) 21:682–90. doi: 10.1108/0268394061069 
0213

 27. Qu HY, Wang CM. Study on the relationships between nurses’ job burnout and 
subjective well-being. Chin Nurs Res. (2015) 2:61–6. doi: 10.1016/j.cnre.2015.09. 
003

 28. Shoman Y, El May E, Marca S, Wild P, Bianchi R, Bugge M, et al. Predictors of 
occupational burnout: a systematic review. IJERPH. (2021) 18:9188. doi: 10.3390/
ijerph18179188

 29. Melamed S, Shirom A, Toker S, Berliner S, Shapira I. Burnout and risk of 
cardiovascular disease: evidence, possible causal paths, and promising research 
directions. Psychol Bull. (2006) 132:327–53. doi: 10.1037/0033-2909.132.3.327

 30. Tsou M, Pai T, Chiang T, Huang W, Lin H, Lee S. Burnout and metabolic syndrome 
among different departments of medical center nurses in Taiwan-cross-sectional study 
and biomarker research. J Occup Health [Internet]. (2021) 63:e12188. doi: 
10.1002/1348-9585.12188

 31. Ochentel O, Humphrey C, Pfeifer K. Efficacy of exercise therapy in persons with 
burnout. A systematic review and meta-analysis. J Sports Sci Med. (2018) 17:475–84.

 32. Fowler JH, Christakis NA. Dynamic spread of happiness in a large social network: 
longitudinal analysis over 20 years in the Framingham heart study. BMJ. (2008) 
337:a2338. doi: 10.1136/bmj.a2338

 33. Rosenquist JN, Fowler JH, Christakis NA. Social network determinants of 
depression. Mol Psychiatry. (2011) 16:273–81. doi: 10.1038/mp.2010.13

 34. Marroquín B, Vine V, Morgan R. Mental health during the COVID-19 pandemic: 
effects of stay-at-home policies, social distancing behavior, and social resources. 
Psychiatry Res. (2020) 293:113419. doi: 10.1016/j.psychres.2020.113419

 35. Hill AL, Rand DG, Nowak MA, Christakis NA. Emotions as infectious diseases in 
a large social network: the SISa model. Proc R Soc B. (2010) 277:3827–35. doi: 10.1098/
rspb.2010.1217

 36. Friedman SR, Aral S. Social networks, risk-potential networks, health, and disease. 
J Urban Health. (2001) 78:411–8. doi: 10.1093/jurban/78.3.411

 37. Kumar S. Burnout and doctors: prevalence, prevention and intervention. 
Healthcare (Basel). (2016) 4:37. doi: 10.3390/healthcare4030037

 38. Penttinen MA, Virtanen J, Laaksonen M, Erkkola M, Vepsäläinen H, Kautiainen 
H, et al. The association between healthy diet and burnout symptoms among Finnish 
municipal employees. Nutrients. (2021) 13:2393. doi: 10.3390/nu13072393

 39. Gerber M, Schilling R, Colledge F, Ludyga S, Pühse U, Brand S. More than a simple 
pastime? The potential of physical activity to moderate the relationship between 
occupational stress and burnout symptoms. Int J Stress Manag. (2020) 27:53–64. doi: 
10.1037/str0000129

https://doi.org/10.3389/fpsyt.2023.1119421
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1002/wps.20311
https://doi.org/10.1002/wps.20311
https://doi.org/10.1016/j.jad.2012.02.043
https://doi.org/10.3389/fpsyg.2019.00284
https://doi.org/10.36096/ijbes.v3i1.246
https://doi.org/10.2224/sbp.11146
https://doi.org/10.1080/00140139.2018.1464667
https://doi.org/10.36096/ijbes.v2i4.232
https://doi.org/10.1108/PR-07-2014-0161
https://doi.org/10.1177/1847979020946919
https://doi.org/10.1016/j.socnet.2011.11.003
https://doi.org/10.1007/s00265-015-2030-x
https://doi.org/10.1037/0021-9010.89.5.854
https://doi.org/10.1037/0021-9010.91.1.70
https://doi.org/10.1037/0021-9010.91.1.70
https://doi.org/10.5465/amj.2005.17407906
https://doi.org/10.1017/S0033291700049084
https://doi.org/10.1034/j.1600-0447.2002.02346.x
https://doi.org/10.1034/j.1600-0447.2002.02346.x
https://doi.org/10.1007/s00127-009-0069-6
https://doi.org/10.1080/09540121.2021.1883514
https://doi.org/10.1002/asi.23916
https://doi.org/10.1016/j.socnet.2006.08.002
https://doi.org/10.1016/j.socnet.2006.08.002
https://doi.org/10.18637/jss.v024.i01
https://doi.org/10.1108/02683940610690213
https://doi.org/10.1108/02683940610690213
https://doi.org/10.1016/j.cnre.2015.09.003
https://doi.org/10.1016/j.cnre.2015.09.003
https://doi.org/10.3390/ijerph18179188
https://doi.org/10.3390/ijerph18179188
https://doi.org/10.1037/0033-2909.132.3.327
https://doi.org/10.1002/1348-9585.12188
https://doi.org/10.1136/bmj.a2338
https://doi.org/10.1038/mp.2010.13
https://doi.org/10.1016/j.psychres.2020.113419
https://doi.org/10.1098/rspb.2010.1217
https://doi.org/10.1098/rspb.2010.1217
https://doi.org/10.1093/jurban/78.3.411
https://doi.org/10.3390/healthcare4030037
https://doi.org/10.3390/nu13072393
https://doi.org/10.1037/str0000129

	Social, lifestyle, and health status characteristics as a proxy for occupational burnout identification: A network approach analysis
	1. Introduction
	2. Materials and methods
	2.1. Data source and study population characteristics
	2.2. Statistical testing methods
	2.3. Exponential random graph model

	3. Results
	3.1. Statistical testing results
	3.2. The inferred social network
	3.3. Exponential random graph model results

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References
	fpsyt-14-1277225-11.pdf
	Individuals under voluntary treatment with sexual interest in minors: what risk do they pose?
	1. Introduction
	2. Method
	2.1. Background
	2.2. Measures
	2.2.1. STATIC-C
	2.2.2. STATIC-99
	2.2.3. CPORT
	2.2.3.1. Casic
	2.3. Participants
	2.3.1. Hamburg
	2.3.2. Bamberg
	2.4. Procedure
	2.4.1. Diagnostic phase
	2.4.2. Time at risk phase
	2.5. Design
	2.6. Statistics

	3. Results
	3.1. History of CSA and CSAM
	3.2. CSA and CSAM during time at risk
	3.3. Risk assessment
	3.3.1. Risk for CSA
	3.3.2. Risk for CSAM

	4. Discussion
	5. Limitations
	6. Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References




