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Abstract 
Train drivers are engaged in high-stress job. It may induce sleep, fatigue, and alertness loss at 
work, and endanger public safety. It’s unclear that cytokines of train driver would be influenced 
by their job. The research considers the hypothesis that stressful professions, such as train driver, 
influence the body’s immune system through the long-time and high-pressure working, and 
change production of neuro-immune factors. Using enzyme linked immunosorbent assay (ELISA), 
several neuro-immune factors were assayed among train drivers (N = 82) and health blood donors 
(N = 80) enrolled in the Yunnan Collaborative Innovation Center for Public Health and Disease 
Control. The concentrations of angiotensin, C-reactive protein (CRP), interleukin-8 (IL-8), and tu-
mor necrosis factor-alpha (TNF-α) were determined. Kruskal-Wallis test and Dunn’s multiple com- 
parisons test were performed for overall comparison between groups and for pairwise compari-
son, respectively. Statistical significance level was set at P < 0.05. The profession of train driving 
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was not associated with significant increases or decreases in the systemic levels of inflammatory 
(CRP, IL-8, and TNF-α), but it was associated with the high expression of angiotensin in vivo. These 
findings suggest that the job of train driving may not be associated with significant alterations in 
systemic immune condition, but arouse the level of angiotensin. 
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1. Introduction 
Train driving is classified as a high-level safety critical job. Safety critical workers are defined as those whose 
action or inaction, due to ill-health, may directly lead to a serious incident affecting the public. The health and 
fitness of these workers, especially their vigilance and attentiveness to their job are of paramount importance [1]. 
Sleepiness and fatigue are frequent problems in railway transportation with occasional monotony and irregular 
shift schedules [2]. The subjective workload of train drivers is relatively high. While attentional and informa-
tion-processing requirements are increasing in many train driving tasks as a result of new technology, the driv-
er’s work is often subject to occasional periods of monotony [3]. The driver is often alone in the locomotive ca-
bin. Driving is focused on controlling speed and acceleration but the driver also has to concentrate on the control 
of different dynamic forces, upcoming terrain, traffic signs and communication [4]. Those occupational stressors 
are recognized significant factors in influence of health condition of exposed workers [5]. 

The immune/inflammatory response occurs in response to infection, injury, and stress, where it helps to fight 
infection and repair damaged tissue, but can also occur for extended periods of time after infection, injury, and 
stress. Chronic, low-grade inflammation is now considered to be intimately linked to the development of di-
abetes and cardiovascular disease [6] [7]. Also, such “immune-stress” inflammation is increasingly implicated as 
a mediating factor relating stress to cardiovascular disease and is strongly linked to depression [8] [9]. However, 
its connection with train driving and, by extension, occupational stress is still uncertain. Answers to these ques-
tions will help to better understand stress condition of train driving, but also to develop new prophylactic strate-
gies to care health of train drivers.  

Angiotensin, the principal stress component of the renin-angiotensin aldosterone system (RAAS), plays an 
important role in the structural and functional regulation of the cardiovascular and renal system [10]. The RAAS 
pathway includes 3 important components of renin, angiotensin, and aldosterone. Angiotensin raises blood 
pressure by a number of actions, with the most important ones being vasoconstriction and sympathetic nervous 
stimulation. In addition to the regulation of blood pressure, angiotensin plays a major role in the sodium meta-
bolism and renal hemodynamics [11] [12].  

C-reactive protein (CRP) is a non-specific acute phase protein produced in the liver [13]. CRP, an important 
serum marker of inflammation, is used clinically as unspecific marker for inflammation [14]-[16]. In acute phase 
response, CRP levels can raise up to 1000-fold compared to normal within a few hours and be quite stable in the 
same individual across 24 hours [17] [18]. Furthermore, CRP is a strong predictor of cardiovascular diseases 
[19]. 

During the immune response, the cytokine interleukin-8 (IL-8, also called CXCL8 according to the chemo-
kine nomenclature) functions as a strong chemoattractant for polymorphonuclear leukocytes helping to direct 
these cells to infected/injured sites. In addition to its potent chemotactic activity, it can induce proliferation and 
migration of cancer cells [20]. Because elevated IL-8 levels are associated with cardiovascular disease and nega-
tive psychological consequences, IL-8 is postulated to be a chronic stress biomarker [21]. 

Tumor necrosis factor-alpha (TNF-α) is a pleiotropic cytokine known to play a major role in host defense 
mechanisms, initiating a beneficial local inflammation which in excess, however, may cause tissue damage [22] 
[23]. TNF-α is one inflammatory mediator that has been implicated in carcinogenesis, due to its participation in 
chronic inflammatory diseases [18] [24]. 
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2. Methods  
2.1. Ethics 
The ethics committee of the Kunming Medical University approved the Yunnan Train Driver Risk Factor Sur-
veillance and written informed consent was obtained from each participant before data and sample collection. 

2.2. Study Design and Measures 
This study was enrolled in the Yunnan collaborative Innovation center for public health and disease control. In 
this cross-sectional study we examined 82 train drivers employed by Kunming Railway Transportation Bureau 
of Kunming, China and 80 health blood donors occupied in different professions. An informed written consent 
was obtained from each participant. Medical and occupational history was collected from each subject.  

From each participant, a whole blood sample was taken for tests after 12 hours of fasting, serum sample were 
collected and frozen at −80˚C for late use. The concentrations of angiotensin, C-reactive protein (CRP), inter-
leukin-8 (IL-8), and tumor necrosis factor-alpha (TNF-α) were measured in serum respectively using Human 
Elisa Kits to these factors (Huijia, Xiamen, China) by iMark microplate reader (Bio-Rad USA).  

2.3. Statistics 
Data were analyzed by GraphPad Prism 6 for Windows. Kruskal-Wallis test and Dunn’s multiple comparisons 
test were performed for overall comparison among groups and for pairwise comparison, respectively. A P value 
< 0.05 was considered statistically significant. 

3. Results 
Train drivers were different to health blood donors with respect to most demographic characteristics, such as a 
100% percentage of male and older age. The mean age in the 82 train drivers was 37 years old, 32 years old in 
the short working age group (≤18 years), and 43 years old in the long working age group (>18 years). Health 
blood donors represented most other occupational population. They had more balanced sex ratio (45% of male 
and 55% of female) and younger mean age (27 years old; Table 1). 

Engaged in train driving resulted in a 43.4% increase in serum angiotensin concentrations relative to health 
blood donors (P < 0.0001 for train drivers vs. health blood donors). In contrast, there were no statistically sig-
nificant differences in concentrations for CRP (P = 0.1876 for train drivers vs. health blood donors), IL-8 (P = 
0.2767 for train drivers vs. health blood donors), or TNF-α (P = 0.6952 for train drivers vs. health blood donors) 
between driver group and control group. Median with interquartile range serum concentrations of the four cyto-
kines according to working years are shown in Figures 1(a)–(d). The magnitude of increase in angiotensin le-
vels was >40% for the short and long working age categories with a 44.6% increase in objects worked for ≤18 
years (P < 0.0001) and a 41.9% increase for >18 years (P < 0.0001), compared to health blood donors (Figure 
1(a)). There was no evidence for a difference in the angiotensin effect between train drivers in short and long 
levels of working age in analyses restricted to train drivers (P > 0.9999). Further, no significant differences were 
observed for CRP, IL-8 and TNF-α level in train drivers short and long levels of working age compared to 
health blood donors (Figures 1(b)-(d)). 

4. Discussion 
For study of risk factors of human health, Schrodinger’s cat is a good metaphor. Every cat is threatened by 
deadly poison, but some cats die, while others are survived. Their destiny is determined by the probability of the  

 
Table 1. Demographic characteristics of the study population from a cross-sectional molecular epidemiology study.                

Characteristics 
Health blood donors Train drivers Short working age Long working age 

(n, %) (n, %) ≤18 yearsa (n, %) >18 yearsa (n, %) 

Population number (n, %) 80 (100) 82 (100) 45 (54.88) 37 (45.12) 

Mean age (SD) 27 (±8) 37 (±7) 32 (±4) 43 (±4) 
aBased on the median working age among the inquired train drivers in the overall study population. 
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(a)                                                   (b) 

 
 

(c)                                                   (d) 

Figure 1. Serum concentrations of detected molecules in different group. (a)-(d) Dots and lines represent serum concentra-
tions of detected molecules and median values in samples according to working years (≤18 years, >18 years, health blood 
donors). Eighteen years was the median working age of the inquired train drivers. P-values compare short working age group 
and long working age group to health blood donors, P < 0.05 is indicated as significant difference.                               

 
being triggered poison. Just like the case, every train driver’ destiny is like the cat’s, which is facing many kinds 
of dangers, and what is different is the size of probability. The poison is the real danger that train drivers may 
face in their work, such as train out of control, operational errors, and so on. And work pressure, biochemical 
indicators in our research are like parts of poison triggering device. Our goal is to understand the process of the 
triggering and how to intervene. This study is the first step, namely to observe what is happened and what 
changes produced in the train driver’s body. 

To the best of our knowledge, this is the first study to consider the effect of working age on serum levels of 
angiotensin, CRP, IL-8 and TNF-α in adult train drivers. Our finding of angiotensin increase in train drivers, 
which was independent of other demographic factors that may influence serum cytokine levels, such as smoking 
status and recent infection, provides further indication that train driving can alter immune condition at relatively 
short working age. 

Occupational stress is assumed to be a connection between immunological inflammatory functions and human 
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diseases. Several lines of evidence have emerged suggesting that occupational stress can affect individual sus-
ceptibility for diseases such as diabetes, hypertension, coronary heart disease, metabolic syndrome, and demen-
tia [9]. Indeed, the alteration of the immune parameters was observed among some specific occupational groups 
prone to workplace stress such as blue-collar workers, paratroops, and nurses [25]. Furthermore, work-related 
exhaustion can lead to various physical and psychological symptoms, and also may be associated with delayed 
decision-making, causing mistakes and heavy losses [21].  

Although few studies evaluating changes in cytokine levels in relation to occupational stress have been con-
ducted in train drivers, some studies in other jobs have indicated job stress is assumed to act as a potential risk 
factor in cellular or humoral immune responses and induce immunological imbalance by itself. One exploratory 
longitudinal analysis found that nurses who experienced high levels of stress presented with lower level of 
TNF-α [9]. However, a investigation in paratroops after parachuting observed significantly higher levels of se-
rum hormones such as growth hormone, angiotensin, and TNF-a in the parachuting group [25] an analogous 
immune response was observed in the one previous occupational study, which found that the inflammatory 
marker (CRP) was raised in unemployed participants compared to working counterparts [8]. In addition, it is 
reported that urinary IL-8 is a convenient and non invasive strong biomarker of stress, both acute and over time. 
Again within the limited results of correlations, emergency physicians were observed that sleep deprivation in 
their night shifts also exacerbates CRP secretion [21]. Our results showing an increase in angiotensin levels in 
train drivers are consistent with this type of immune response, given that angiotensin is involved in the the kid-
ney to hypertensive stimuli and the induction of hypertension [26]. Meanwhile, our results didn’t find statisti-
cally significant increase for CRP, IL-8 and TNF-α in train drivers. 

5. Conclusion 
In summary, we found that the serum concentration of angiotensin was markedly increased in train drivers 
compared to health blood donors, and that this increase occurred in train drivers worked ≤18 years as well as 
>18 years. Conversely, no change in CRP, IL-8 and TNF-α level related to train driving was evident. Given that 
cytokines alterations are suspected to play a role in work-related stress, and angiotensin plays an important role 
in stress processes, our findings provide additional evidence that angiotensin is increased in train drivers and 
may serve as useful biomarkers to assess possible abnormal stress in train drivers and to evaluate the health con-
dition. However, our findings require replication in larger sample studies and in other occupational stress popu-
lations. 
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