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Abstract
The aim of this review is to provide a general overview 
of the relationship between occupational stress and 
gastrointestinal alterations. The International Labour 
Organization suggests occupational health includes 
psychological aspects to achieve mental well-being. 
However, the definition of health risks for an occupation 
includes biological, chemical, physical and ergonomic 
factors but does not address psychological stress or 
other affective disorders. Nevertheless, multiple in-
vestigations have studied occupational stress and its 
physiological consequences, focusing on specific risk 
groups and occupations considered stressful. Among 
the physiological effects of stress, gastrointestinal tract 
(GIT) alterations are highly prevalent. The relationship 

between occupational stress and GIT diseases is evident 
in everyday clinical practice; however, the usual strategy 
is to attack the effects but not the root of the problem. 
That is, in clinics, occupational stress is recognized as a 
source of GIT problems, but employers do not ascribe it 
enough importance as a risk factor, in general, and for 
gastrointestinal health, in particular. The identification, 
stratification, measurement and evaluation of stress and 
its associated corrective strategies, particularly for oc-
cupational stress, are important topics to address in the 
near future to establish the basis for considering stress 
as an important risk factor in occupational health.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: In workers, the combination of personality 
patterns (anxiety/depression), stress and negative emo-
tions contribute to gastrointestinal tract (GIT) altera-
tions. In particular, jobs that produce privation, fatigue, 
chronic mental anxiety and a long past history of ten-
sion, frustration, resentment, psychological disturbance 
or emotional conflict have been shown to produce 
gastric ulcers. Irritable bowel syndrome and functional 
dyspepsia also have significant co-morbidity with mood 
alterations. Workers with unipolar depression have 
been shown to be more prone to present irritable bowel 
syndrome-like symptoms. Moreover, three systems are 
known to participate in the GIT alterations of workers: 
sympathetic autonomic nervous system, the hypotha-
lamic-pituitary-adrenal axis and genetic factors.
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INTRODUCTION
Stress is a term that is often used by the global popu-
lation. This term was first described as a “syndrome 
produced by diverse nocuous agents” in the 1930s by 
Selye[1] and was later called General Adaptation Syn-
drome. Stress refers to the consequences of  the failure 
of  a living organism (i.e., human or animal) to respond 
appropriately to emotional or physical threats, whether 
actual or imagined[2]. Stress can be defined as any threat 
to an organism’s homeostasis[2,3]. The function of  the 
stress response is to maintain homeostasis and may in-
volve both physiological and behavioral adaptations[2]. 
Currently, stress is a condition that affects people daily. 
Environmental factors, such as work pressures, financial 
conditions, family situations and social issues, contribute 
to stress. Factors related to job stress include the need 
for counseling, lack of  leisure time, daily shift work, dis-
satisfaction with the workplace, work absenteeism due to 
health problems and insufficient work incentives. All of  
these situations produce psychological stress that may af-
fect different physiological functions in the gastrointesti-
nal tract (GIT)[3], including gastric secretion, gut motility, 
mucosal permeability, mucosal barrier function, visceral 
sensitivity and mucosal blood flow[4]. There have been 
several studies on the effects of  psychological stress on 
the GIT that debate if  these effects constitute a physio-
logical response of  the body or if  they can be considered 
a pathology[2-5]. In relation to occupations, it is difficult 
to define a psychological stress classification for deter-
mining stress levels, exposure duration, exposure limits 
to stressors, the sensitivity of  the worker, etc.; therefore, 
as evidenced in most of  the literature, the delimitation 
of  the problem to be addressed is almost forced. In this 
review article, we consider general occupational stress as 
assessed using multiple approaches. Additionally, we fo-
cus on occupational stress associated with specific GIT 
problems in any worker group, but particularly in those 
groups working stressful jobs.

EFFECT OF PSYCHOLOGICAL STRESS 
AND EMOTIONS ON THE GASTROINTES-
TINAL TRACT
The relationship between psychological stress and disease 
has already been recognized by the ancient Greeks, who 
hypothesized that moods affect the body. Hippocrates 
described how psychosomatic disorders produce abnor-
mal physical reactions due to stressful emotions, and 
Galen supported the idea that emotions and pain are dis-
eases of  the soul. However, in 1637, Descartes changed 
the paradigm by proposing the separation of  the think-
ing mind from the material body[5]. Currently, there are 
an increasing number of  reports regarding cognitive 
and psychological declines related to stress, including 
occupational stress, in subjects without psychiatric pre-
morbidities or major life trauma[6].

The relationship between emotions and gastric mo-

tility has been documented since the nineteenth century 
and the beginning of  the twentieth century by Charles 
Cabanis and William Beaumont and thereafter by Ivan 
Pavlov, Walter Canon and Stewart Wolf, who were the 
pioneers in determining the gastric response after an 
emotional stimulus in animal models[7,8]. Based on these 
antecedents, researchers and clinicians were curious 
about the relationship between stress and gastric motil-
ity. For example, Muth et al[9] reported the case of  a fis-
tulated patient who displayed increased gastric motility 
when he was angry but decreased gastric motility when 
he was fearful. Nevertheless, in general, the role of  oc-
cupational stress in gastric motility has not been closely 
examined. The main limitation, as far as we perceive, 
occurs because most of  the techniques used for GIT 
evaluations are invasive[10].

The combination of  personality patterns and emo-
tional stress also has an important contribution to GIT 
alterations. In a review by Alp et al[11], studies were 
mentioned that suggested privation, fatigue and mental 
anxiety frequently coincided with the presence of  gas-
tric ulceration[12] and that a psychological disturbance or 
emotional conflict might be transformed into an organic 
disease, e.g., a peptic ulcer[13,14]. The same paper also 
mentioned that a significant correlation exists between 
the onset of  peptic ulcer symptoms and domestic upset, 
financial stress or an extensive past history of  tension[15]. 
Furthermore, anxiety, frustration, resentment and fatigue 
were suggested to be important aggravating factors in 
the symptomology of  peptic ulceration[16]. Many of  the 
emotional states previously described by these research-
ers are related to psychological stress. 

In relation to other GIT alterations, such as irritable 
bowel syndrome (IBS) and functional dyspepsia, a signifi-
cant co-morbidity reportedly exists between mood altera-
tions (e.g., anxiety and depression) and functional gastro-
intestinal syndromes[17]. However, the exact pathophysi-
ological link between emotions and the gut is not yet well 
established (see below). A model of  an emotional motor 
system (EMS) that reacts to interoceptive and exterocep-
tive stress was proposed by Karling et al[18]. These investi-
gators found that recurrent unipolar depression patients 
who were experiencing remission did not have a greater 
number of  IBS-like symptoms than the controls, indicat-
ing that GIT dysfunctions may resolve when depression 
is treated to remission. Apparently, there is a relationship 
between mood alterations (e.g., anxiety and depression) 
and IBS-like symptoms in patients with unipolar depres-
sion, in patients with IBS and in a sample of  the normal 
population. In addition, the investigators suggested that, 
during the regulation of  the emotional-motor system, 
there is a participation of  the following three systems (the 
interrelationships of  which are presented schematically 
in Figure 1): (1) the sympathetic autonomic nervous sys-
tem (ANS), which explains symptoms that occur when 
patients change their body position; (2) the hypothalam-
ic-pituitary-adrenal (HPA) axis, which explains the symp-
toms of  diarrhea and early satiety by the stimulation of  
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Corticotrophin-releasing hormone (CRH) receptors and 
(3) the val158met COMT polymorphism (single nucleo-
tide polymorphism in the COMT gene that encodes 
Catechol-O-methyl-transferase), which is associated with 
IBS-like symptoms. IBS patients tend to have a lower 
frequency of  the heterozygous val/met genotype, and 
this genotype may be protective against IBS/IBS-like 
symptoms. Moreover, a higher frequency of  the val/val 
genotype is associated with diarrhea symptoms[19].

JOB, OCCUPATION AND PSYCHOLOGI-
CAL STRESS
A job is defined in the OECD Glossary of  statistical 
terms[20] as a set of  tasks and duties executed, or meant 
to be executed, by one person. Based on this descrip-
tion, an occupation is defined as a set of  jobs whose 
main tasks and duties are characterized by a high degree 
of  similarity. An occupational classification is a tool for 
organizing all jobs in an establishment, an industry or a 
country into a clearly defined set of  groups according to 
the tasks and duties undertaken in the job. The occupa-
tion classification is generally not based on health risk 
factors. However, the concept of  occupational health 
has been well-defined since 1950, when the Interna-
tional Labour Organization (ILO) and the World Health 
Organization (WHO) created a common definition 
through the ILO/WHO Committee on Occupational 
Health. The definition reads as follows: “Occupational 
health should aim at the promotion and maintenance of  
the highest degree of  physical, mental and social well-
being of  workers in all occupations…the placing and 
maintenance of  the worker in an occupational environ-
ment adapted to his (her) physiological and psychologi-
cal capabilities...”[21]. In this definition, the mental well-
being and the psychological capabilities are mentioned; 
moreover, the main focus of  occupational health de-
scribes the promotion of  a “positive social climate”. The 
term health, in relation to work, indicates not merely 
the absence of  disease or infirmity but also includes the 
physical and mental elements affecting health, which are 
directly related to safety and hygiene at work[22].

In 2001, the ILO published the ILO-OSH 2001 
document titled “Guidelines on Occupational Safety 
and Health Management Systems” to assist organiza-
tions introducing OSH management systems[23]. Usually, 
occupational health hazards are considered as physical, 
chemical, biological and/or ergonomic factors; almost 
everywhere, psychological factors, such as stress[24], are 
not even mentioned. We consider that one of  the main 
reasons for minimizing psycho-social factors is because 
the principles of  occupational hygiene are the “recogni-
tion and/or identification” of  occupational health haz-
ards, the “measurement” of  the level or concentration 
of  such factors, the “evaluation” of  the likelihood and 
severity of  harm and the “control strategies” available 
to reduce or eliminate risks. Usually, recognition and 
identification implies the obvious correlation between 

cause and effect, with the effect being associated with 
physical illness or injury. In our case, psychological stress 
has been recognized and correlated with physical effects 
in many studies[25]. Furthermore, the control strategies 
(although a subjective topic) appear to be well known by 
professionals and therefore are well-established[26]. The 
measurement of  levels or concentrations and the evalu-
ation of  the likelihood and severity of  the stress factors 
are the most complicated factors to be studied quantita-
tively, and we consider these factors to be poorly estab-
lished aspects of  the problem.

Despite the discussion above, stress, particularly oc-
cupational stress, has become one of  the most serious 
health issues in the modern world[27]. The concept of  oc-
cupational stress can be observed as a natural extension 
of  the classical concept of  stress introduced by Selye[1] to 
a specific form of  human activity, namely work. Steers[28] 
indicated that occupational stress has become an impor-
tant topic study of  organizational behavior for several 
reasons: (1) stress has harmful psychological and physi-
ological effects on employees; (2) stress is a major cause 
of  employee turnover and absenteeism; (3) stress expe-
rienced by one employee can affect the safety of  other 
employees and (4) by controlling dysfunctional stress, 
individuals and organizations can be managed more 
effectively. More recently, Beheshtifar and Modaber[29] 
described five types of  sources of  occupational stress: (1) 
causes intrinsic to the job, including factors such as poor 
physical working conditions, work overload or time pres-
sures; (2) the role in the organization, including role am-
biguity and role conflict; (3) career development, includ-
ing lack of  job security and under/over promotion; (4) 
relationships at work, including poor relationships with 
the boss or colleagues, an extreme component of  which 
is mobbing in the workplace; and (5) the organizational 
structure and climate, including the experience of  having 
little involvement in decision-making and office politics. 

The large diversity of  stress factors, the complex-
ity of  labour activities and the large number of  worker 
health-status levels make it very difficult to complete 
an exhaustive review of  the relationships among GIT 
alterations, stress and occupational activity. Neverthe-
less, many delimited investigations have been performed 
around these topics, mainly for specific activities, delim-
ited work places and/or specific groups of  people. For 
example, in a controlled study of  lorry drivers, de Croon 
et al [30] investigated the result of  specific job demands 
on job stress (fatigue and job dissatisfaction), thereby 
identifying the risk factors associated with the psycho-
social work environment to begin building an effective 
stress-reducing strategy. Another study of  telemarketers 
directly addressed occupational stress by reporting the 
prevalence of  stressors affecting job performance[31]. In 
a non-specific occupational study of  migrants in Spain, 
Ronda et al[32] reported the occupational health-risk dif-
ferences between local and foreign-born workers. These 
investigators listed what they called psychosocial factors, 
of  which most were identified with stressful work condi-
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tions. Based on the self-reported exposure, this study re-
vealed a larger difference in females in non-service jobs; 
although no specific attention was paid to psychosocial 
factors, the prevalence of  exposure to occupational risk 
factors appeared to be, on average, higher for migrants. 
The same research group in Spain searched for risk fac-
tors during pregnancy using self-reports, which are the 
predominant method to report psychosocial risks. The 
results of  these investigations revealed that the preva-
lence of  the psychosocial risks was, on average, higher 
than any other chemical, physical or biological factors[33].

Several researchers studied the psychological stress 
in a specific pathology, for example, in diabetes. Golmo-
hammadi et al[34] investigated the occupational stress in 
diabetic workers from Iran and found that the type of  
occupation was not an important factor in psychological 
stress, although a difference was evident in the patients 
compared with the control group. The researchers con-
cluded that occupational stress may be a risk factor in 
the development of  diabetes. Specific studies address-
ing jobs identified as stressful have been conducted. 
Examples of  this type of  work are the study of  stress-
factor risks in nurses from England[35] or in psychiatric 
nurses (i.e., a job with more exposure to psychological 
risks) in Japan[36]. Other stressful jobs are those related to 
the army and security services. Martins et al[37] studied the 
military hierarchy in peace times in the Brazilian Army, 
finding correlations with common mental disorders. 
Berg et al[38] studied security service workers, focusing 
on personality, anxiety and depression. Another type of  
occupation considered stressful is the mental health pro-
fession[39,40]. These professionals, similar to other workers 
exposed to long-term occupational stress, often experi-
ence the stage known as burnout. According to Selye’s 
definition, if  stress is associated with adaptation, then 
occupational stress should be identified conceptually 
with a temporary adaptation to work that is associated 
with psychological and physical symptoms. The long-
term process of  adaptation to certain jobs yields chronic 
physical and psychological symptoms. The final stage in 
a breakdown during this adaptation is known as burnout 
and is caused by prolonged occupational stress[39,40]. In 
1982, Belcastro[41] stated that several somatic complaints 
have been suggested to be associated with burnout, in-
cluding gastrointestinal disturbances, nausea and loss of  
weight, which are some of  the most common symptoms. 
The author suggested that specific illnesses appear to be 
associated with burnout, including colitis, gastrointestinal 
problems and drug and alcohol addiction, among oth-
ers. Developed countries face different challenges than 
do non-developed countries, specifically, economic[42] 
and cultural differences, which have been considered in 
stress research[43]. Nonetheless, it is difficult to describe 
the occupational psychological-stress classifications, 
levels, exposure durations, exposure limits, sensitivity, 
etc. Therefore, in most of  the literature, the delimitation 
of  the problem to be addressed is almost forced. In this 
review article, we focus on occupational stress in gen-

eral, assessed in any manner. Additionally, we focus on 
specific GIT problems in any worker group, but mainly 
in those groups dedicated to some jobs well-identified as 
stressful.

TYPE OF JOB, STRESS AND GIT ALTER-
ATIONS
Currently, gastric ulcers are identified as an extremely 
common chronic disease in working-age adults. The first 
description of  an association between stress and peptic 
ulcer disease was in men with supervisory jobs; these 
individuals had a higher ulcer prevalence than executives 
or artisans. Cobb and Rose[44] found that air traffic con-
trollers, particularly those individuals with higher stress 
levels in their workplace, were almost twice as likely to 
have ulcers than the civilian copilots. Hui et al[45] noted 
that the numbers of  positive and negative life events 
were similar in both subjects with dyspepsia and control 
subjects, but the former had a higher negative perception 
of  major life events and daily stresses. Police officers’ 
work-stress reactions have been classified as physiologi-
cal, emotional and behavioral reactions[46]. Physiological 
reactions have been termed as having a higher-than-
normal probability of  death from certain illnesses; after 
cardiovascular problems, stomach problems are the most 
frequent. Changing work shifts has also been associated 
with changes in the digestive system, circadian rhythm 
and other bodily reactions. Angolla[46] studied 229 po-
lice officers (163 males and 66 females) who answered 
a questionnaire consisting of  five parts: demographics, 
external and internal work environments, coping mecha-
nisms and symptoms. This investigator found that police 
work is highly stressful, and the highest rated symptoms 
were as follows: feeling a lack of  energy, loss of  personal 
enjoyment, increased appetite, feeling depressed, trouble 
concentrating, feeling restless, nervousness and indiges-
tion. Satija et al[47] evaluated 150 professional workers 
(100 males and 50 females) who self-completed the 
Emotional Intelligence and Occupational Stress Scale. 
The authors’ findings demonstrated a negative correla-
tion between emotional intelligence and occupational 
stress; those professionals with a high score in overall 
emotional intelligence suffered less stress. Shigemi et al[48] 
evaluated 585 employees (296 males and 289 females), 
all of  whom were working at a middle-sized company in 
Japan. A self-administered questionnaire about smoking 
habits and perceived job stress was administered, and the 
patients were followed for two years. In addition, previ-
ous or current gastric or duodenal ulcers were evaluated. 
The researchers found 32 incidences of  peptic ulcers 
over the two years, and the risk ratio (RR) was 2.13 
(95%CI: 1.09-4.16) between job stress and peptic ulcers. 
Susheela et al[49] evaluated 462 smelter workers, 60 super-
visors working in the smelter unit and 62 non-smelter 
workers (control group). The participants’ state of  
health and gastrointestinal complaints were recorded and 
included the following symptoms: nausea/loss of  ap-
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petite, gas formation, pain in the stomach, constipation, 
diarrhea (intermittent) and headaches. The researchers 
found that the total number of  complaints reported by 
the study groups was significantly higher than in the 
control group. The prevalence of  gastrointestinal com-
plaints in the smelter workers was significantly higher 
(P < 0.001) than in the non-smelter workers (control 
group). In 2006, Nakadaira et al[50] investigated the ef-
fects of  tanshin funin (i.e., working far from one’s home-
town and therefore far from one’s family) on the health 
of  married male workers. A prospective study using 
the pair-matched method was performed in 129 mar-
ried male tanshin funin workers who were 40-50 years 
of  age. Matched workers living with their families also 
participated. These researchers demonstrated that fewer 
tanshin funin workers ate breakfast every day. Moreover, 
these workers more frequently suffered from stress due 
to daily chores and from stress-related health problems, 
namely, headache and gastric/duodenal ulcers (21% and 
2.4%, respectively). The levels of  gamma-glutamyl-trans-
peptidase in workers reluctant to work under tanshin 
funin conditions and in workers who spent less than two 
years in tanshin funin conditions increased significantly, 
although the corresponding levels in the matched regular 
workers did not exhibit significant changes. The inves-
tigators concluded that abrupt changes in lifestyle and 
elevated mental stress were thus important effects of  
tanshin funin.

Although jobs and occupations are considered a risk 
factor for stress and morbidity for gastric and duodenal 
ulcers[9,11,48], there are studies that report discrepancies. 
For example, Westerling et al[51] evaluated the socioeco-
nomic differences in avoidable mortality in a Swedish 
population from 1986 to 1990. Using the population of  
21- to 64-year-old individuals, the researchers performed 
analyses for different socioeconomic groups [blue-collar 
workers (BCWs), white-collar workers (WCWs) and the 
self-employed] and for individuals outside the labor mar-
ket. The researchers demonstrated that the largest differ-
ences were found in ulcers of  the stomach and duode-
num, in addition to other symptoms. For these causes of  
death, the risk of  dying was between 3.1 and 7.5 times 
greater in the non-working population than in the work-
force. The differences in avoidable mortality between 
BCWs and WCWs and the self-employed were much 
smaller. However, the death rate for ulcers of  the stom-
ach and duodenum in BCWs was 2.8 times higher than 
for other work categories. The GIT and mortality prob-
lems reported by Wesrterling et al[51] used standardized 
mortality ratios for the occupied population. The ratios 
for malignant neoplasms of  the large intestine, except 
for the rectum, were 95 in BCWs and 104 in WCWs and 
for malignant neoplasms in the rectum and rectum-sig-
moid junction were 103 and 100 for BCWs and WCWs, 
respectively. However, for gastric and duodenal ulcers, 
the investigators reported ratios of  163 and 59 for these 
BCWs and WCWs, respectively. Moreover, the causes for 
mortality reported for abdominal hernia, cholelithiasis 

and cholecystitis were 127 and 86 for BCWs and WCWs, 
respectively. However, the researchers suggested that, 
as in most other studies, the follow-up period was short 
and that the exposure data from earlier censuses would 
be advantageous. 

In Table 1, we summarize the international literature 
regarding the GIT disorders most frequently reported 
by workers experiencing job-related psychological stress 
and other alterations in their affective states. In a cross-
sectional study with a population of  2237 subjects from 
San Marino, Italy, Gasbarrini et al[52] demonstrated that 
the prevalence of  Helicobacter pylori (H. pylori) was 51%; 
this prevalence increased with age from 23% (20-29 
years) to 68% (> 70 years) and was higher among man-
ual workers. In San Marino, there was a higher incidence 
of  clinically relevant gastroduodenal diseases, such as 
peptic ulcer and gastric cancer (25 of  10000 and 8 of  
10000 in 1990, respectively). With respect to Italy and 
other European countries, Gasbarrini et al[52] demonstrat-
ed that H. pylori infections tended to be more frequent 
among BCWs (P < 0.001), especially those doing manual 
work (miners 78%, road sweepers 65%, plumbers/paint-
ers 61%, housekeepers 60% and cooks 58%) compared 
with WCWs (physicians 15%, clerks 21%, secretaries 
37%, nurses 38%, general managers and lawyers 38%, 
teachers 39% and shop workers 50%). A high preva-
lence of  infection was also noted among social workers 
(74%). The researchers concluded that social workers 
with a high educational standard had a higher rate of  
seropositivity to H. pylori (74%) than did subjects with 
a similar socioeconomic status but a different type of  
job, thereby emphasizing the relevance of  direct person-
to-person spread of  the infection. This result was also 
recently demonstrated in nurses and in cohabiting chil-
dren. These findings suggest that poor hygienic stan-
dards and a low socioeconomic status (which frequently 
reflects the former) are important factors for acquiring 
H. pylori during the first years of  life, thereby confirming 
previous findings regarding the differences between de-
veloped and developing countries and the importance of  
overcrowding and close person-to-person contact during 
childhood.  

In 2009, Lin et al[53] investigated 289 call-center work-
ers (mean age of  33.6 years) to investigate how these 
workers perceived their job stress and health status and 
the relationships among inbound (incoming calls) ver-
sus outbound (outgoing calls) workers in a Taiwanese 
bank. Data were obtained on individual factors, health 
complaints, perceived job stress levels and major job 
stressors (using the 22-item Job Content Questionnaire, 
C-JCQ). For inbound services, operators handled ap-
proximately 120 to 150 calls during each 8 h per day. 
Outbound operators were primarily responsible for sales 
and handled approximately 120 calls daily. The subjects 
completed the self-administered questionnaires during 
their leisure time (taking between 15 and 20 min). The 
results demonstrated that 33.5% of  outbound service-
call center workers and 27.1% of  inbound service-call 
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Table 1  Summary of the international literature on the gastrointestinal tract disorders most frequently reported by workers experi-
encing job-related psychological stress and other alterations in their affective states
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GIT alteration Ref. Study/procedure Conclusions

Generalized GIT 
disturbances/IBS

Konturek et al[4] Impact of stress on the GIT. The study addresses 
the role of stress in the pathophysiology of the 

most common GIT diseases.

The exposure to stress is the major risk factor in the patho-
genesis of various GIT diseases.

Bhatia et al[5] Association between stress and various GIT pa-
thologies.

The mind directly influences the gut. The enteric nervous 
system is connected bidirectionally to the brain by the para-
sympathetic and sympathetic pathways, forming the brain-

gut axis.
Karling et al[18] Pre- and post-dexamethasone morning serum 

cortisol levels were analyzed in 124 subjects with 
symptoms of IBS.

There is a relationship between mood alterations (anxiety/
depression) and IBS-like symptoms in patients with unipolar 
depression, in patients with IBS and in a sample of the nor-

mal population.
Karling et al[19] In total, 867 subjects representative of the general 

population and 70 patients with IBS were geno-
typed for the val158met polymorphism. The IBS 
patients completed the Hospital Anxiety and De-

pression Scale questionnaire.

There is an association between the val/val genotype of the 
val158met COMT gene and IBS and with the specific IBS-

related bowel pattern in IBS patients.

Belcastro et al[41] Estimation of the relationship between teachers’ 
somatic complaints and illnesses and their self-
reported job-related stresses. Stress group: teach-

ers

Several somatic complaints have been suggested to be asso-
ciated with burnout.

Hui et al[45] Perception of life events and the role of daily "has-
sles" (stressful events) in 33 dyspeptic patients vs 
33 controls of comparable sex, age and social class.

Patients with non-ulcer dyspepsia have a higher negative 
perception of major life events than controls. Psychological 
factors may play a role in the pathogenesis of non-ulcer dys-

pepsia.
Angolla et al[46] Empirical study of police-work stress, symptoms 

and coping strategies among police service work-
ers in Botswana measured by a questionnaire. 
Sample size n = 229 (163 males and 66 females). 

Stress group: the Botswana Police Service.

Police duties are highly stressful. The highest rated symp-
toms were as follows: feeling a lack of energy, loss of person-
al enjoyment, increased appetite, feeling depressed, trouble 
concentrating, feeling restless, nervousness and indigestion.

Ulcers Alp et al[11] Comparative study using a neuroticism-scale 
questionnaire administered to 181 patients with 
previously diagnosed gastric ulcers and 181 
controls without any previous history of gastric 

ulcers. 

People with a past history of chronic gastric ulcers have an 
increased incidence of domestic and financial stress com-
pared with age- and sex-matched individuals with no previ-

ous history of gastric ulcers.

Cobb et al[44] Review of aeromedical certification examinations 
of 4325 traffic controllers and 8435 second-class 

aviators. Stress group: air traffic controllers.

Air traffic controllers were almost twice as likely to have 
stomach ulcers as civilian copilots .

Shigemi et al[48] Two-year study to examine the role of perceived 
job stress on the relationship between smoking 

and peptic ulcers.

These results suggest that specific and perceived job stress is 
an effect modifier in the relationship between the history of 

peptic ulcers and smoking. 
Nakadaira et al[50] Effects of working far from family on the health of 

129 married male workers (40-50 yr of age) com-
pared with the control group.

The tanshin funin workers had higher rates of missing 
breakfast, stress due to daily chores and stress-related health 
problems (e.g., headache, gastric/duodenal ulcers and com-

mon colds/bronchitis). 
Westerling et al[51] 1985 study of the Swedish population (21-64 yr 

of age). Analyses of standardized mortality ra-
tios (avoidable mortality) of blue-collar workers, 
white-collar workers, self-employed workers, and 
individuals outside the labor market. Stress group: 

Unemployed individuals

The death rates for the non-workers were higher than for the 
workers. The largest differences were found for stomach and 

duodenal ulcers. 

Lin et al[53] 289 call center workers in Taiwan, 19 to 54 yr of 
age. Health complaints, perceived level of job 
stress and major job stressors were considered. 

Stress group: call center workers.

Workers who perceived higher job stress had significantly 
increased risks of multiple health problems, including hoarse 

or sore throat, irritable stomach and peptic ulcers.

Gastric motility 
alterations

Mawdsley et al[2] Review of recent advances in the understanding of 
the pathogenic role of psychological stress in IBD, 
with an emphasis on the necessity of investigating 

the therapeutic potential of stress reduction.

The living-organism (human or animal) responds to emo-
tional or physical threats. Psychological stress contributes to 

the risk of IBD relapse.

Huerta-Franco et al[3] Bioimpedance technique. In this study, 57 healthy 
women (40-60 yr of age) were analyzed.

Assessment of the changes in gastric motility induced by 
acute psychological stress.

Mai et al[7] Description or tracking of 238 experiments con-
ducted over more than 10 yr on a young man 

(Beaumont) with digestive disorders.

Emotions can cause bile reflux into the stomach and may 
delay gastric emptying.

Wolf et al[8] Description of the work of the French physiologist 
Cabanis.

Inhibitory and excitatory effects of gastric secretory and mo-
tor function were described.
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center workers were classified as suffering from high 
stress, which was considerably higher than figures from a 
wider survey of  the working population in Taiwan (7.6%). 
The researchers demonstrated a relationship between 
the perceived job stress and health complaints, indicat-
ing that workers who perceived a higher job stress had a 
significantly increased risk of  multiple health problems 
(OR ranging from 2.13 to 8.24), including an irritable 
stomach and peptic ulcers [42% and 57% for inbound 
and outbound operators, respectively (P < 0.05)]. For 
example, the OR of  irritable stomach and peptic ulcers 
when the stress was moderate (i.e., sometimes feeling 
extremely stressed at work) was 3.03 (95%CI: 1.40-6.55) 
and when the stress was high (i.e., often or always feeling 
extremely stressed at work) was 8.24 (95%CI: 3.56-19.09). 
The researchers concluded that there is an association 
between the perceived job stress and health complaints, 
as workers who perceived a high level of  job stress had 
significantly increased risks of  irritable stomach and 
peptic ulcers. 

In 2011, Nabavizadeh[54] demonstrated that physical 
and psychological stress increase gastric acid and pepsin 
secretions possibly by raising the gastric tissue nitric ox-
ide level. In return, the increased gastric acid and pepsin 
secretions cause necrotic and inflammatory changes in 
the gastric and duodenal tissue.

STRESS IN THE PATHOPHYSIOLOGY OF 
GASTROINTESTINAL ALTERATIONS
Currently, many adults die from diseases caused by the 
relationship between stress, moods and vital organs; 
among these diseases, GIT has become a major clinical 
problem. Stress is an acute threat to the homeostasis of  
an organism, either physically or psychologically. A num-
ber of  studies have shown that stress can delay gastric 
emptying, impair gastro-duodenal motility[3], modify gas-
tric secretions[55] and pancreatic output and alter intesti-
nal transit and colonic motility. Owing to its considerable 
effects on physiological and pathophysiological processes 
of  gastrointestinal (GI) motility, stress is thought to play 
an important role in the development, maintenance and 
exacerbation of  symptoms related to functional GI dis-
orders. To analyze the effects of  occupational stress on 
GIT function, it is important to have an understanding 
of  the physiology of  GIT motility and emptying. Similar 
to almost every other system, the physiological processes 
that occur in the GIT are wide-ranging; the major func-
tion of  the GIT includes swallowing, motility, emptying 
(of  every section), assimilation and elimination. Motility 

enables swallowing, transit, emptying and elimination, 
and all these functions are essential for proper assimi-
lation[56]. Beginning with swallowing and ending with 
elimination, motility is required for GIT function[57,58]. 
Two variables related to GIT motility are particularly 
important: (1) peristalsis, which is a function of  the 
frequency and magnitude of  the gastric contractions 
that are generated by the pacemaker area and (2) gastric 
emptying, which is a measure of  the average time the 
stomach takes to empty half  of  its luminal content. The 
ANS regulates GIT motility, controlling peristaltic activ-
ity through the myenteric system[59,60] (Figure 1). In fact, 
alterations in GIT motility are frequently viewed as signs 
of  neuropathy of  the myenteric plexus or other patholo-
gies of  neuropathic origin. Abnormal gastric emptying 
is considered a clinical marker for a gastric or intestinal 
motility disorder[61,62]. Quigley and other researchers have 
found a relationship between stress and delayed gastric 
emptying or other motor disturbances[63-65]. This factor 
is understood by analyzing how the human body reacts 
defensively when threatened by the environment and 
when attempting to achieve both physical and psycho-
logical balance. However, activation of  these adaptive 
or allostatic systems can become maladaptive because 
of  frequent, chronic or excessive stress and can cause a 
predisposition to disease[5]. This explanation leads to the 
concept of  brain-gut interaction described by Mawds-
ley and Rampton[2]. These authors mentioned that, to 
maintain homeostasis, a living organism must constantly 
adapt to environmental alterations at a molecular, cel-
lular, physiological and behavioral level. As presented in 
Figure 1, these investigators hypothesized that exposure 
to psychological stress causes alterations of  the brain-gut 
interactions (brain-gut axis), ultimately leading to the de-
velopment of  a broad array of  GIT disorders, including 
inflammatory bowel disease, irritable bowel syndrome, 
other functional GIT diseases, food antigen-related ad-
verse responses, peptic ulcers and gastro-esophageal re-
flux disease (GERD)[16,19]. For instance, IBS is presumed 
to be a disorder of  the brain-gut link associated with an 
exaggerated response to stress[66].

More recently, relative importance has been ascribed 
to the hypothesis that emotional and environmental 
states in females play an important role in the genesis of  
IBS[2]. This hypothesis has been proved by demonstrat-
ing that, worldwide, women present the highest preva-
lence of  physical and psychological symptoms compared 
with males[67]. Men may be more apt to experience stress 
due to unfamiliar house chores than women, and women 
are more likely to experience occupational stress than 
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Muth et al[9] Electrogastrograms were recorded, and the inter-
beat intervals were obtained from electrocar-
diographic recordings from 20 subjects during 
baseline and in response to a shock avoidance 
task (shock stimulus) and forehead cooling (dive 

stimulus).

Acute stress can evoke arousal and dysrhythmic gastric 
myoelectrical activity. These acute changes, which occur in 
healthy individuals, may provide insight into functional gas-

trointestinal disorders.

GIT: Gastrointestinal tract; IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome; COMT: catechol-O-methyltransferase.
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men[50]. The emotions and stress experienced by workers 
(Figure 1) play an important role in exaggerated gut re-
sponses. Stress affects the relationship between the brain 

and gut, leading these systems to act defensively to real 
or imaginary threats. 

In Figure 1, we present the pathophysiological mech-
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Figure 1  Representation of the hypothetical mechanism by which occupational stress produces gastrointestinal tract alterations in workers. Stress during 
job development (see occupational stress) generates a response of the network integrated by the hypothalamus (paraventricular nucleus), amygdala and periaque-
ductal grey. These brain regions receive input from visceral and somatic afferents and from the medial prefrontal cortex (PFC) and the anterior cingulated (ACC) and 
insular cortices (Insular C). In turn, output from this integrated network to the pituitary and ponto-medullary nuclei (PMN) mediates the neuroendocrine and autonomic 
responses in the body. The final output of this central stress circuitry is called the emotional motor system and includes the autonomic neurotransmitters norepineph-
rine and epinephrine and neuroendocrine (hypothalamus-pituitary-adrenal axis, HPA) and pain modulatory systems. PVN: Paraventricular nucleus; PAG: Periaque-
ductal grey; GIT: Gastrointestinal tract; ACTH: Adrenocorticotropic hormone; CRH: Corticotrophin-releasing hormone; ANS: Autonomic nervous system.
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anism by which stress has been proposed to produce 
GIT alterations in workers. The workers’ responses to 
stress are generated by a network comprising integrated 
brain structures, particularly sub-regions of  the hypo-
thalamus (paraventricular nucleus), amygdala and peri-
aqueductal grey. These brain regions receive input from 
visceral and somatic afferents and from cortical regions, 
including the medial prefrontal cortex and sub-regions 
of  the anterior cingulated and insular cortices. In turn, 
output from this integrated network to the pituitary and 
ponto-medullary nuclei mediates the neuroendocrine and 
autonomic responses in the body[4,18,19]. The final output 
of  this central stress circuitry is called the emotionalmo-
torsystem and includes the autonomic neurotransmitters 
norepinephrine and epinephrine, the neuroendocrine 
HPA axis and the pain modulatory systems. This circuit 
is under feedback control by serotonergic neurons from 
the raphe nuclei and noradrenergic neurons from the lo-
cus coeruleus[5].

The neuroendocrine response to stress is mediated 
by corticotropin-releasing hormone (CRH). In the brain-
gut-axis, CRH is considered a major mediator of  the 
stress response. Particularly, the stress-related activation 
of  CRH receptors has been reported to produce altera-
tions in GIT function. Physical and psychological stress 
delays gastric emptying, accelerates colonic transit and 
evokes colonic motility in rats. Accelerated colonic mo-
tor function can be produced by the central or peripheral 
administration of  CRH and is blocked by treatment with 
a variety of  CRH antagonists. In a clinical trial, Sagami 
et al[68] administrated a non-selective CRH antagonist (10 
ug/kg of  αhCRH) to 10 IBS patients and 10 healthy 
controls. The researchers demonstrated that the periph-
eral administration of  αhCRH improved GIT motility, 
visceral perception and negative moods in response to 
gut stimulation, without affecting the HPA axis in IBS 
patients. This response was significantly suppressed in 
IBS patients but not in controls after the administration 
of  αhCRH[68]. IBS is considered a disorder of  the brain-
gut-link. Psychological stress induces colonic segmental 
contractions, which are exaggerated in IBS patients. 
Similarly, the peripheral administration of  CRH affects 
colonic motility, induces abdominal symptoms and stim-
ulates adrenocorticotropic hormone (ACTH) secretion, 
all of  which are also exaggerated in IBS patients[69]. Two 
CRH receptor subtypes, R1 and R2, have been suggested 
to mediate increased colonic motor activity and slowed 
gastric emptying, respectively, in response to stress[5].

The genesis of  gastric ulcers by stress was demon-
strated in the study of  Saxena et al[70], who investigated 
the gastro-protective effect of  citalopram (an antidepres-
sant drug) both as a single dose pre-treatment and 14-d 
repeated pre-treatment for animals exposed to cold re-
straint stress (CRS). The results revealed that the plasma 
corticosterone level significantly increased in the stress 
group compared with the control group. Furthermore, 
mucosal ulceration, epithelial cell loss and a ruptured 
gastric mucosal layer at the ulcer site were observed in 

the gastric mucosa of  rats exposed to CRS. Repeated 
citalopram pretreatment decreased the CRS-induced en-
hancement in the corticosterone level. The researchers 
also demonstrated that citalopram at doses of  5, 10 and 
20 mg/kg significantly attenuated the CRS-induced gas-
tric mucosal lesions.

In summary, gastric ulcers are identified as an ex-
tremely common chronic disease in working-age adults. 
In workers, the combination of  personality patterns (e.g., 
anxiety and depression), stress and negative emotions 
significantly contribute to GIT alterations. Particular jobs 
that produce privation, fatigue or chronic mental anxiety 
and a long past history of  tension, frustration, resent-
ment, psychological disturbance or emotional conflict 
lead to gastric ulcers (e.g., in traffic controllers, police of-
ficers, smelter workers, tanshin funin workers, health pro-
fessionals and manual workers). Irritable bowel syndrome 
and functional dyspepsia also exhibit significant co-mor-
bidities between mood alterations in workers (i.e., anxiety 
and depression). Workers with unipolar depression were 
shown to be more prone to present IBS-like symptoms. 
Moreover, three systems are known to participate in the 
mechanism of  GIT alterations in workers: (1) the sympa-
thetic ANS, (2) the HPA axis and (3) genetic factors. 

Subjective evaluations of  stress (mainly self-reported) 
are extremely common in the clinic and in research. 
However, much work must first be done to quantitatively 
identify the psychological stress (i.e., the occupational 
stress level in this case), considering the particularity 
of  each worker (i.e., the general health, the social and 
physical adaptation capacity and the physical and psy-
chological vulnerability). The unique demands of  each 
occupation require unique profiles of  each worker. It 
is essential to train workers not only in specific skills 
but also in human and social aspects that include stress 
control strategies. Although the word “stress” has been 
included in our everyday language (even in research), 
the term continues to be a vague concept, even with the 
clear definition coined in 1936 by Selye. 
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