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 Background: Although the potential effects of long-term and low-dose radiation exposure on physical health have attracted 
considerable attention, few systematic evaluations have been reported regarding the mental health of occu-
pational groups. This study sought to investigate the effects of occupational radiation exposure on job stress 
and job burnout of medical radiation staff.

 Material/Methods: Using cluster random sampling, a total of 1573 medical radiation workers were initially selected from 10 hos-
pitals in Xinjiang, China, and 1396 valid questionnaires were finally collected. Job stress and job burnout were 
assessed using the Effort-Reward Imbalance (ERI) questionnaire and the Chinese Maslach Burnout Inventory 
(CMBI), respectively.

 Results: The percentages of medical radiation staff experiencing job stress and job burnout were 53.08% and 63.32%, 
respectively. A statistically significant difference in job stress was observed in association with age, ethnici-
ty, professional title, marital status, radiation work type, radiation working years, family history, hypertension, 
obesity, smoking, and drinking (P<0.05). A statistically significant difference in job burnout was observed in as-
sociation with age, sex, ethnicity, professional title, educational level, marital status, job post, radiation work 
type, radiation working years, family history, hypertension, diabetes, and obesity (P<0.05). Female (odds ra-
tio [OR]=0.75, 95% confidence interval [CI]: 0.58–0.98), senior professional title (OR=0.64, 95% CI: 0.43–0.96), 
and radiation work types of nuclear medicine (OR=0.15, 95% CI: 0.07–0.33) and radiotherapy (OR=0.54, 95% 
CI: 0.36–0.79) were protective factors, and job stress (OR=4.57, 95% CI: 3.55–5.91) was the risk factor for job 
burnout of medical radiation staff.

 Conclusions: Medical radiation staff experience high levels of job stress and job burnout. The interventions of occupational 
physical examination, personal dose monitoring, occupational health education, and management optimiza-
tion are recommended to relieve job stress and job burnout and enhance occupational health of medical radi-
ation staff.
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Background

Job stress refers to a pressure state in physiology and psychol-
ogy when job demands extend beyond individual resources, 
needs, abilities, and knowledge [1]. Job burnout refers to phys-
ical or mental exhaustion caused by overwork or stress [2]. 
With a sustained rise in anxiety and mood disorders within 
professional populations, the effects of negative occupation-
al factors on job stress and job burnout have drawn growing 
interest in the field of public health [3,4], and a large number 
of studies have confirmed that job stress occurs in many pro-
fessions [5–7]. Job stress and job burnout have become prob-
lems that cannot be ignored in the field of occupational health.

Medical radiation workers belong to a special occupational 
group that has dual roles as health care workers and radia-
tion workers. Health care workers are among the most stressed 
professionals owing to their risk of infections, high job de-
mands, dissatisfied patients, and intensely competitive pro-
motions [8,9]. More than half of US physicians were found to 
have at least one symptom of burnout, which was significant-
ly higher than in the general population [10]. Furthermore, ex-
posure to several physical, chemical, and biological risk factors 
exacerbate the psychological burden in certain occupation-
al groups. Radiation is widely regarded as a physical risk fac-
tor with both deterministic and stochastic effects on physical 
health that increase the prevalence of cancer, cardiovascular 
diseases, and cataract [11,12]. With the improvement of health 
services and an aging population, the use of radioisotopes and 
ionizing radiation in diagnosis and treatment have steadily in-
creased [13]. Global estimates show that approximately 3.6 
billion radiation examinations on average were conducted an-
nually from 2000 to 2007, and the use of diagnostic proce-
dures involving radiation has more than doubled during the 
past 25 years in many countries [14–16]. Thus, medical radia-
tion workers have gradually become the largest occupational 
group exposed to artificial radiation sources [17].

With the technical improvements of radiological equipment, 
radiation shielding, and radiation protection tools, high-dose 
occupational radiation exposure and occupational radiation 
accidents are uncommon [18,19]. The average annual effec-
tive dose of medical radiation workers in various countries 
is much lower than the annual effective dose limit of the in-
ternational standards (20 mSv/y) [13,20]. However, radiation 
still has negative effects on people even under safety limits. 
The World Health Organization (WHO) and the International 
Labour Organization (ILO) have expressed concern about the 
potential effects of long-term and low-dose radiation exposure 
on physiological and psychological risks [21–23]. Psychosocial 
changes usually happen before physiological disorders are ap-
parent, and there is often a lack of attention and intervention 
to address them [24]. Thus, the focus of occupational health 

management is not only on physical health, but also on men-
tal health [25]. It is hence important to provide data on risk of 
stress and burnout for specific professional categories.

For medical radiation workers, some studies have found that 
job stress and the risk of anxiety or depression among radiog-
raphers and oncologists in hospitals were much higher than 
in the general population [26,27]. However, few studies have 
systematically evaluated job stress and job burnout of medi-
cal radiation staff in different work roles using validated ques-
tionnaires. In this study, a cross-sectional study was conducted 
to investigate job stress and job burnout of medical radiation 
staff in diagnostic radiology, nuclear medicine, radiotherapy, 
interventional radiology, and other types of work involving ra-
diation in Xinjiang, China, to provide a theoretical basis for al-
leviating job stress and job burnout and thereby promoting 
occupational health of medical radiation staff.

Material and Methods

Participants

This cross-sectional study was carried out from May to October 
2019. With the assistance of radiation protection managers in 
the hospitals, a total of 1573 medical radiation workers from 
10 hospitals in Urumqi City, Changji Prefecture, Yili Prefecture, 
Aksu Region, Bayingolin Prefecture, Kashgar Area, and Hotan 
Region were initially selected using a cluster sampling meth-
od. An informed consent form explaining the questionnaire, 
survey purpose, and the principle of voluntary participation 
was distributed to the workers, and 1536 participants volun-
teered to complete the questionnaire survey. The study includ-
ed 1506 participants who were licensed as radiation workers 
and had more than 1 year of occupational radiation exposure. 
By on-the-spot inquiry during distribution of questionnaires, 
workers with psychiatric disease or a family history of such 
diseases and those taking psychoactive drugs were exclud-
ed. Based on the inclusion and exclusion criteria, 1489 med-
ical radiation workers were enrolled in this survey. A total of 
1396 valid questionnaires were collected (93.75% response 
rate). Figure 1 presents a flowchart of participant selection.

Research methods

General investigation

The general investigation included participants’ age, sex, eth-
nicity, professional title, educational level, marital status, job 
post, radiation work type, radiation working years, family his-
tory, smoking, drinking, hypertension, diabetes, and obesity.
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Job stress

The Effort-Reward Imbalance (ERI) questionnaire has been 
widely used in assessing job stress [28,29]. This question-
naire was developed by Siegrist [30] on the basis of the imbal-
ance between effort and reward causing a series of changes 
in physiological, psychological, cognitive functions, and body 
health. In our study, Cronbach’s alpha and split half reliability 
were used to test the internal consistency, and factor analysis 
was used to test the structure validity of ERI. The Cronbach a 
of ERI was 0.88, the split-half reliability coefficient was 0.78, 
and Kaiser-Meyer-Olkin statistics (KMO)=0.893. The ERI ques-
tionnaire consisted of 23 items with 3 dimensions: effort (E), 
reward (R), and overcommitment. Each item was assigned a 
score ranging from 1 (completely unfitting) to 5 (completely 
fitting). The ERI ratio was calculated by formula ERI=E/(R×C), 
and C was the ratio of the number of E items to the number 
of R items; C=6/11 in this paper. The ERI ratio at >1, 1, and <l 
indicated a high effort/low reward return, a balanced effort-
reward return, and a low effort/high reward return, respec-
tively. An ERI ratio >1 suggested job stress [31].

Job burnout

The Chinese Maslach Burnout Inventory (CMBI) was estab-
lished by Li [32] on the basis of the Maslach Burnout Inventory 
and had good reliability and validity [33]. In our study, the 
Cronbach a of CMBI was 0.79, the split-half reliability coef-
ficient was 0.81, and KMO=0.911. The CMBI consisted of 15 
items in 3 dimensions: emotional exhaustion, depersonaliza-
tion, and reduced personal accomplishment. Each item was 
assigned a score ranging from 1 (completely fitting) to 7 (com-
pletely unfitting). According to the critical values (emotional 
exhaustion ³25, depersonalization ³11, and reduced personal 

accomplishment ³16), job burnout was divided into 4 levels: 
none (each dimension was lower than the critical value), mild 
(any 1 dimension was equal to or higher than the critical val-
ue), moderate (any 2 dimensions were equal to or higher than 
the critical values), and severe (3 dimensions were equal to or 
higher than the critical values) [34, 35].

Quality control

The pre-investigation was conducted before the formal inves-
tigation, and all the investigators were trained before the sur-
vey. Written informed consent was provided to each respon-
dent to explain the purpose of the questionnaire survey and 
the principle of voluntary participation. The investigators dis-
tributed and collected questionnaires on site. Questionnaires 
with the continuous answers or nonresponse for 1 or more 
items were excluded.

Statistical analysis

All survey data were input into an Epidata3.1 database, and 
statistical analysis was performed using R (Version 3.4.4). The 
comparison of categorical data was conducted by the chi-
squared test. Multivariate analysis was conducted by multiple 
logistics regression. The significance level (a) was set at 0.05.

Results

General demographic characteristics of medical radiation 
staff

Among the 1396 medical radiation staff, 796 were men 
(57.02%) and 600 were women (42.98%); 834 were doctors 

Figure 1. Definition of the study participants.
Medical radiation workers at

baseline (N=1573)
Exclude (N=37)
– Not volunteering

Exclude (N=30)
– No license
– Radiation exposure less one year

Exclude (N=17)
– Diseases or hereditary history in psychiatry
– Taking psychoactive drugs

Exclude (N=93)
– Continuous answer
– Non-response with one or more

Medical radiation workers
volunteered for the survey (N=1536)

Patticipants with working license and radiation
exposure more than one year (N=1506)

Participants without obvious
mental problems (N=1489)

Participants with valid
questionnaires (N=1396)
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(59.74%), 208 were nurses (14.90%), 320 were radiographers 
(22.92%), and 34 held other positions (2.44%). The radiation 
work types involved diagnostic radiology (58.09%), nuclear 
medicine (2.72%), radiotherapy (10.53%), interventional ra-
diology (23.21%), and others (5.44%), respectively. ERIs of £1 
and >1 were 655 (46.92%) and 741 (53.08%). CMBIs of none, 
mild, moderate, and severe were 512 (36.68%), 459 (32.88%), 
341 (24.43%), and 84 (6.02%) (Table 1).

Comparison of job stress of medical radiation staff in 
different populations

The results showed that job stress increased with age before 
50 years old and then appeared to decline slightly (P<0.001). 
Job stress increased with advancements in professional ti-
tle (P<0.001). Married and divorced or widowed individuals 
had higher levels of job stress compared with unmarried in-
dividuals (P<0.001). Job stress was the highest in the inter-
ventional radiology group among all the radiation work types 
(P=0.015). The variation in job stress based on working years 
was similar to that in age (P<0.001). There were statistical-
ly significant differences in job stress among medical radia-
tion staff in association with family history (P<0.001), smok-
ing (P=0.029), drinking (P=0.001), hypertension (P<0.001), and 
obesity (P<0.001) (Table 2).

Comparison of job burnout levels of medical radiation staff 
in different populations

The results showed that the total rate of job burnout among 
medical radiation staff was 63.32%, with mild and moderate 
levels of job burnout as the majority. Job burnout was higher 
for individuals with a middle professional title and an under-
graduate degree than for those with other professional titles 
(P=0.022) and educational levels (P=0.047). Job burnout was 
higher for doctors than nurses and radiographers (P<0.001). 
Job burnout was the highest in the interventional radiology 
group and second highest in the diagnostic radiology group 
(P<0.001). Job burnout increased along with the number of 
radiation working years before 20 years and then decreased 
slightly (P<0.001). There were statistically significant differenc-
es in job burnout among medical radiation staff in association 
with family history (P=0.003), hypertension (P=0.002), diabe-
tes (P<0.001), and obesity (P=0.001) (Table 3).

Exploration of factors related to job burnout of medical 
radiation staff

Multiple logistic regression analysis was used to evaluate the 
effects of general demographic characteristics and job stress 
on job burnout of medical radiation staff. All independent vari-
ables were stratified. The results showed that sex (P=0.034), 
senior professional title (P=0.029), radiation work type in 

nuclear medicine (P<0.001) and radiotherapy (P=0.002), and 
ERI (P<0.001) affected job burnout of medical radiation staff. 
Female, senior professional title, and radiation work types of 
nuclear medicine and radiotherapy were protective factors and 
ERI was a risk factor related to job burnout of medical radia-
tion staff (Table 4).

Discussion

Occupational health is a diverse specialization of health care 
for improving the relationship between work and the physi-
cal and psychological health of employees [25]. Several stud-
ies have confirmed that job stress is a risk factor for adverse 
physiological function and psychological reaction [36,37]. 
Health care workers have been reported to experience high 
levels of job stress and job burnout in the United States, the 
United Kingdom, Australia, and Germany, and long working 
hours, rigid routines, emotional nature of patient demands, 
and heavy tasks in clinical and teaching were the main contrib-
utory factors [38–40]. With the continuous expansion of radi-
ation technology and its application in medicine, increasingly 
more medical staff in different work types engage in radia-
tion diagnostics and treatment. Long-term radiation exposure 
aggravates the psychological burden and thereby exacerbates 
the job stress and job burnout in this occupational group. Our 
research indicated that 53.08% and 63.32% of medical radi-
ation staff experienced job stress and job burnout, and these 
rates were higher than those of nonmedical workers in China 
(copper-nickel miners, job stress 42.65% [41]; civil servants, 
job burnout 45.0% [42]) and physicians in the United States 
based a survey of 15 000 individuals (job burnout 42%) [43]. 
A survey of 1054 oncology physicians in the MENA showed 
a similar prevalence of burnout of around 68% [44]. Some 
studies suggested that requirements of the National Health 
Service, such as increasing volume of examinations, increased 
range of procedures but reduced waiting times, and multidis-
ciplinary team work, have increased demands on the radiog-
raphy departments, leading to more pressure on medical ra-
diation workers [45].

This survey investigated job stress among medical staff in dif-
ferent types of radiation work. The results showed that med-
ical radiation staff over 30 years old were more likely to de-
velop job stress, and a similar development was observed for 
radiation working years, which was in agreement with a pre-
vious report of radiographers in Jordan [26]. Ahn et al. [46] 
showed that exposure to occupational hazards adversely af-
fects individuals’ health and exacerbates job insecurity. Thus, 
the increase of radiation working years aggravated the occu-
pational psychological burden of medical radiation staff. The 
job stress among individuals with middle and senior profes-
sional titles was significantly higher than among those with a 
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Items Groups N Percentage (%)

Total 1396

Age <30 311 22.28

<40 571 40.90

<50 353 25.29

³50 161 11.53

Sex Male 796 57.02

Female 600 42.98

Ethnicity Han 995 71.28

Minority 401 28.72

Professional title None or primary 521 37.32

Middle 501 35.89

Senior 374 26.79

Educational level Junior college and below 317 22.71

Undergraduate 683 48.93

Postgraduate 396 28.37

Marital status Unmarried 275 19.70

Married 1090 78.08

Divorced or widowed 31 2.22

Job post Doctor 834 59.74

Nurse 208 14.90

Radiographer 320 22.92

Others 34 2.44

Radiation work type Diagnostic radiology 811 58.09

Nuclear medicine 38 2.72

Radiotherapy 147 10.53

Interventional radiology 324 23.21

Others 76 5.44

Radiation working years 
(years)

<5 422 30.23

<10 465 33.31

<20 302 21.63

³20 207 14.83

Family history No 1292 92.55

Yes 104 7.45

Hypertension No 1224 87.68

Yes 172 12.32

Table 1. Demographic characteristics of medical radiation staff.

e927848-5
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Zhang Z. et al.: 
Effects of occupational radiation exposure on job stress and job burnout
© Med Sci Monit, 2020; 26: e927848

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



Table 1 continued. Demographic characteristics of medical radiation staff.

Items Groups N Percentage (%)

Diabetes No 1360 97.42

Yes 36 2.58

Obesity BMI <24 1205 86.32

BMI ³24 191 13.68

Smoking No 1000 71.63

Yes 396 28.37

Drinking No 622 44.56

Yes 774 55.44

ERI No 655 46.92

Yes 741 53.08

CMBI None 512 36.68

Mild 459 32.88

Moderate 341 24.43

Severe 84 6.02

primary professional title or below, which was similar to find-
ings on other medical workers in the wider literature [47]. Like 
other general medical workers, medical radiation staff with a 
higher professional title are usually responsible for more dif-
ficult parts in operations, which require intense concentration 
and involve greater radiation exposure. Moreover, individuals 
with higher professional titles often have the additional work-
load of teaching and training clinical students, which adds to 
job stress [48]. Nurses have often been reported to have higher 
stress compared with other health professionals due to their 
lower hierarchy of decision-making in patient care, disruptions 
to circadian rhythms, and lower income [49]. Although nurs-
es had higher job stress in our study, the difference among 
doctors, nurses, radiographers, and other positions was not 
statistically significant. As to the radiation work types, the in-
terventional radiology group had the highest job stress, and 
the radiotherapy group came second. A study about radiog-
raphers and physiotherapists also found excess symptoms of 
stress [50]. In particular, Siegal et al. [51] found that frequent 
use of heavy lead aprons and imaging equipment in the in-
terventional radiology group increased the risk for repetitive 
stress injury. The detection rate of job stress was significantly 
higher in those with family history, hypertension, or obesity. It 
was suggested that radiation workers might need more sup-
port in health care and protection education from employers.

This survey investigated job burnout levels among medical ra-
diation staff. The results showed that medical staff who had 

longer radiation working years had a higher rate of job burn-
out, especially those with 10–20 years and more than 20 years. 
A survey of 15 000 physicians also reported the greatest inci-
dence of burnout in the 45- to 54-year-old age group [43]. This 
finding can be explained by the fact that, these groups are at 
the peak of work productivity and practices and are more ea-
ger to increase personal income or seek promotion opportuni-
ties. However, meeting expectations is difficult and thereby in-
creases the risk of job burnout, which was previously noted in 
similar studies [52]. The rates of job burnout among different 
job posts were all at a correspondingly high level. A study of 
radiation oncology departments in New Zealand also showed 
high scores in burnout among oncologists, therapists, nurses, 
and physicists [53]. In our study, the rate of job burnout in the 
other job positions was the highest, followed by doctors. For 
medical staff in the other job positions, they were not only re-
sponsible for medical work, but also many trivial duties in their 
own departments. As for doctors, Shanafelt et al. [54] confirmed 
that doctors experience symptoms of burnout at significant-
ly higher rates compared with doctoral-level professionals in 
other fields. Doctors interact with colleagues or patients every 
day, but the focus of communication is almost always on the 
disease development, leaving them little time and few tools 
to relieve stress [8]. As to the radiation work types, interven-
tional radiology was the largest group with job burnout, fol-
lowed by diagnostic radiology. Radiation exposure is a recog-
nized risk factor for medical staff performing fluoroscopically 
guided cardiovascular procedures due to the highest radiation 
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Items N
ERI Detection 

rate (%)
Chi-squared

value
P-value

No Yes

Age

 <30 311 222 89 28.62

116.202 0.000
 <40 571 259 312 54.64

 <50 353 107 246 69.69

 ³50 161 67 94 58.39

Sex

 Male 796 371 425 53.39
0.046 0.830

 Female 600 284 316 52.67

Ethnicity

 Han 995 447 548 55.08
5.261 0.022

 Minority 401 208 193 48.13

Professional title

 None or primary 521 323 198 38.00

76.313 0.000 Middle 501 195 306 61.08

 Senior 374 137 237 63.37

Educational level

 Junior college and below 317 165 152 47.95

4.570 0.102 Undergraduate 683 314 369 54.03

 Postgraduate 396 176 220 55.56

 Marital status

 Unmarried 275 180 95 34.55

47.846 0.000 Married 1090 464 626 57.43

 Divorced or widowed 31 11 20 64.52

Job post

 Doctor 834 387 447 53.60

3.589 0.309
 Nurse 208 89 119 57.21

 Radiographer 320 163 157 49.06

 Others 34 16 18 52.94

Radiation work type

 Diagnostic radiology 811 387 424 52.28

12.307 0.015

 Nuclear medicine 38 18 20 52.63

 Radiotherapy 147 68 79 53.74

 Interventional radiology 324 134 190 58.64

 Others 76 48 28 36.84

Table 2. Comparison of job stress in different populations.
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Items N
ERI Detection 

rate (%)
Chi-squared

value
P-value

No Yes

Radiation working years (years)

 <5 422 294 128 30.33

153.461 0.000
 <10 465 213 252 54.19

 <20 302 84 218 72.19

 ³20 207 64 143 69.08 

Family history

 No 1292 629 663 51.32
20.738 0.000

 Yes 104 26 78 75.00

Hypertension

 No 1224 601 623 50.90
18.279 0.000

 Yes 172 54 118 68.60

Diabetes

 No 1360 644 716 52.65
3.327 0.068

 Yes 36 11 25 69.44

Obesity

 BMI <24 1205 595 610 50.62
20.647 0.000

 BMI ³24 191 60 131 68.59

Smoking

 No 1000 488 512 51.20
4.741 0.029

 Yes 396 167 229 57.83

Drinking

 No 622 323 299 48.07
10.944 0.001

 Yes 774 332 442 57.11

Table 2 continued. Comparison of job stress in different populations.

dose in the application of diagnostic X-rays [12,55]. Long-term 
radiation exposure in bedside manipulation increased the 
psychological uneasiness of medical staff, resulting in the in-
crease of job burnout. In the diagnostic radiology group, most 
workers were alone in an equipment operation room that was 
shielded by radiation protection but narrow in space and poor 
in air circulation. Chronic diseases, such as hypertension, di-
abetes, and obesity, could cause changes in the body’s func-
tioning that could make workers feel more tired at work [56].

The results of multiple logistic regression analysis showed that 
the risk of job burnout for women and individuals with a se-
nior professional title were 0.75 and 0.64 times those of men 
and individuals with a primary professional title and below, 

respectively. This could be attributed to women being more 
likely to relieve stress by communicating with others, and peo-
ple with senior professional titles having a better ability to 
control their work [57]. The risks of job burnout in the nuclear 
medicine group and the radiotherapy group were 0.15 times 
and 0.54 times that of the diagnostic radiology group. A lower 
burnout rate among radiation oncologists compared with di-
agnostic radiologists was also reported by Harolds et al. [58]. 
This finding could be explained by the fact that compared with 
the diagnostic radiology group, medical physicists of nuclear 
medicine and radiotherapy were highly involved in the per-
formance of individual diagnosis and treatment, and played a 
leading role in the implementation and safe utilization of ad-
vanced technologies [59,60], which enhanced job control and 
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Items N
CMBI Detection 

rate (%)
Chi-squared 

value
P-value

None Mild Moderate Severe

Age

 <30 311 142 89 69 11 54.34

23.336 0.005 
 <40 571 192 190 143 46 66.37

 <50 353 129 120 83 21 63.46

 ³50 161 49 60 46 6 69.57

Sex

 Male 796 268 254 220 54 66.33
14.727 0.002 

 Female 600 244 205 121 30 59.33

Ethnicity

 Han 995 348 318 255 74 65.03
17.279 0.001 

 Minority 401 164 141 86 10 59.10

Professional title

 None or primary 521 210 150 133 28 59.69

14.770 0.022  Middle 501 169 181 111 40 66.27

 Senior 374 133 128 97 16 64.44

Educational level

 Junior college and below 317 121 110 74 12 61.83

12.768 0.047  Undergraduate 683 237 219 171 56 65.30

 Postgraduate 396 154 130 96 16 61.11

Marital status

 Unmarried 275 122 69 75 9 55.64

18.768 0.005  Married 1090 376 381 260 73 65.50

Divorced or widowed 31 14 9 6 2 54.84

 Job post

 Doctor 834 298 297 201 38 64.27

39.269 0.000 
 Nurse 208 78 75 49 6 62.50

 Radiographer 320 124 83 77 36 61.25

 Others 34 12 4 14 4 64.71

Radiation work type

 Diagnostic radiology 811 279 281 183 68 65.60

61.867 0.000 

 Nuclear medicine 38 28 4 4 2 26.32

 Radiotherapy 147 68 50 27 2 53.74

 Interventional radiology 324 108 104 102 10 66.67

 Others 76 29 20 25 2 61.84

Table 3. Comparison of job burnout levels in different populations.
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Table 3 continued. Comparison of job burnout levels in different populations.

Items N
CMBI Detection 

rate (%)
Chi-squared 

value
P-value

None Mild Moderate Severe

Radiation working years (years)

 <5 422 193 120 98 11 54.27

43.802 0.000 
 <10 465 165 151 113 36 64.52

 <20 302 90 113 69 30 70.20

 ³20 207 64 75 61 7 69.08

Family history

 No 1292 487 424 310 71 62.31
14.094 0.003 

 Yes 104 25 35 31 13 75.96

Hypertension

 No 1224 470 397 289 68 61.60
14.860 0.002 

 Yes 172 42 62 52 16 75.58

Diabetes

 No 1360 508 442 334 76 62.65
25.400 0.000 

 Yes 36 4 17 7 8 88.89

Obesity

 BMI <24 1205 460 394 289 62 61.83
17.316 0.001 

 BMI ³24 191 52 65 52 22 72.77

Smoking

 No 1000 382 320 240 58 61.80
3.601 0.308 

 Yes 396 130 139 101 26 67.17

Drinking

 No 622 242 204 148 28 61.09
5.991 0.112 

 Yes 774 270 255 193 56 65.12

accomplishment. In this study, the risk of job burnout was 4.57 
times higher among medical radiation staff with job stress. A 
high stress level can be a predictor of burnout at the work-
place. Similar results have been reported for emergency room 
physicians, anesthesiologists, general internists, general sur-
geons, radiologists, oncologists, and even medical students 
and residents [61]. The excess stress and high responsibility 
of medical staff have been shown to lead to mismanagement 
of their psychological and physiological health and to cause 
adverse physiological function and psychological reaction, re-
sulting in medical errors, job attrition, lack of professionalism, 
and even substance abuse [62].

Effective prevention and intervention of occupational health 
management for medical radiation staff should be imple-
mented from social medicine and occupational medicine. 

First, strengthening occupational physical examination, per-
sonal dose monitoring, and continuing education are benefi-
cial for improving the coping ability and thereby reducing the 
job stress of medical radiation staff. Second, employers should 
promote education about occupational health to enhance 
workers’ awareness about self-protection in long-term occu-
pational radiation exposure. Third, the safety of the working 
environment, reasonable arrangement of workload and work-
ing hours, and optimization of the promotion system should 
be taken into consideration to improve the job satisfaction of 
medical radiation staff.

The present study has some limitations that could be ad-
dressed in future studies. First, because of the imbalance of 
economic development, the distribution of hospitals and med-
ical radiation staff were uneven, resulting in a larger number 
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Variable b	(CI	95%) S.E. OR	(CI	95%) Wald P-value

Intercept  –0.01 (–0.35, 0.34) 0.18  0.99 (0.70, 1.40) –0.043 0.966

Sex

 Male

 Female  –0.29 (–0.55, –0.02) 0.14  0.75 (0.58, 0.98) –2.121 0.034

Professional title

 None or primary

 Middle  –0.22 (–0.53, 0.10) 0.16  0.80 (0.59, 1.10) –1.342 0.179

 Senior  –0.45 (–0.85, –0.05) 0.20  0.64 (0.43, 0.96) –2.180 0.029

Marital status

 Unmarried

 Married  0.22 (–0.14, 0.58) 0.18  1.25 (0.87, 1.79) 1.211 0.226

Divorced or widowed  –0.39 (–1.26, 0.47) 0.44  0.68 (0.28, 1.60) –0.891 0.373

 Job post

 Doctor

 Nurse  –0.05 (–0.43, 0.32) 0.19  0.95 (0.65, 1.37) –0.287 0.774

 Radiographer  –0.05 (–0.37, 0.27) 0.16  0.95 (0.69, 1.31) –0.325 0.745

 Others  0.05 (–0.81, 0.91) 0.44  1.05 (0.44, 2.49) 0.116 0.908

Radiation work type

 Diagnostic radiology

 Nuclear medicine  –1.92 (–2.71, –1.12) 0.41  0.15 (0.07, 0.33) –4.717 0.000

 Radiotherapy  –0.62 (–1.01, –0.23) 0.20  0.54 (0.36, 0.79) –3.136 0.002

 Interventional radiology  –0.05 (–0.36, 0.26) 0.16  0.95 (0.70, 1.30) –0.328 0.743

 Others  0.12 (–0.44, 0.69) 0.29  1.13 (0.64, 1.99) 0.430 0.667

Radiation working years (years)

 <5

 <10  0.10 (–0.24, 0.43) 0.17  1.11 (0.79, 1.54) 0.570 0.568

 <20  0.29 (–0.13, 0.71) 0.21  1.34 (0.88, 2.03) 1.362 0.173

 ³20  0.24 (–0.24, 0.73) 0.25  1.27 (0.78, 2.07) 0.976 0.329

ERI

 No

 Yes  1.52 (1.27, 1.78) 0.13  4.57 (3.55, 5.91) 11.685 0.000

Table 4.  Effects of general demographic characteristics and job stress on job burnout of medical radiation staff according to the results 
of multiple logistics regression.

of participants in relatively developed areas. In addition, the 
sample sizes of all the radiation work types were not uniform 
due to the different workload of radiation diagnosis and treat-
ment, which may cause bias in groups with small sample size. 
Second, the cross-sectional investigation cannot prove causali-
ty between variables; the relationship between the factors and 

job burnout need further investigation. Third, some influenc-
ing factors, such as radiation dose value, frequency of shift 
work, and monthly income, were not considered in this study. 
Finally, further study will be conducted to compare the status 
of medical staff who are exposed to and not exposed to oc-
cupational radiation in the same department.
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Conclusions

Health care providers around the world are under pressure 
and face increasing expectations and requirements to pro-
vide evidence-based and high-quality health service. Although 
the development and application of radiation medicine has 
brought great benefits for the prevention and treatment of 
diseases, the mental health of medicine radiation staff, who 
are one of the most stressed professional groups as well as 
the largest occupational group exposed to artificial radiation 
sources, should get more attention not only for the demands 
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