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        INTRODUCTION

  With a global prevalence of 11% in the general population ( 1 ), 

irritable bowel syndrome (IBS) is a common and debilitating 

functional disorder that contributes signifi cantly to health-

care resource consumption ( 2 ). IBS, characterized by chronic 

abdominal pain or discomfort and alteration of bowel habits, 

is thought to have a multi-factorial pathophysiology involv-

ing biological, social, psychological, and iatrogenic factors ( 3 ). 

Importantly, recognition of the relevance of interactions among 

these factors is increasing ( 3,4 ). Clinical and empirical evidence 

indicates that psychosocial markers such as depression, anxiety, 

somatization, illness behavior, illness anxiety, and stress may 

be associated with IBS not only in clinical populations but also 

in the community ( 5–12 ). However, methodologically rigorous 

prospective studies are still rare. It remains controversial, there-

fore, whether these psychosocial factors are independent predic-

tors of IBS or occur concurrently to IBS as a stress-associated 

epiphenomenon.
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                                                                                                                    OBJECTIVES:     It remains controversial whether psychosocial burden is an independent predictor of irritable bowel 

syndrome (IBS) or occurs concurrently as an epiphenomenon. Here we prospectively examine the 

individual contribution of psychosocial risk factors, demographic factors, somatic symptoms, and 

gastrointestinal infection within a non-clinical, IBS-free population before infection occurred.

    METHODS:     A prospective community-based cohort study including a consecutive sample of healthy participants 

with an elevated risk of developing gastrointestinal infection during long-distance travel was 

conducted. Potential predictive factors were investigated using validated self-report scales pre-travel, 

1 week after return, and 7 months post-travel. IBS was assessed using the ROME-III Diagnostic 

Questionnaire.

    RESULTS:     Of the 1,964 eligible long-distance travelers, 1,464 responded at follow-up directly after their 

journey, and 1,190 participants completed the study 7 months post-journey. Fifty-three percent 

of study completers were female, mean age was 39.9 (s.d.=15.7) years. The mean travel duration 

was 40.8 (s.d.=52.8) days, and 43.3% (95% confi dence interval (CI)=40.4-46.1%) of participants 

experienced at least moderate infectious travelers’ diarrhea. The incidence of newly developed 

IBS 7 months post-travel was 7.2% (95%CI=5.8-8.6%). In multivariate analyses, female gender, 

vulnerability to diarrhea under stress, baseline somatic symptom burden, baseline illness anxiety, 

diarrhea within the 4 months pre-travel, and travelers’ diarrhea during the journey signifi cantly 

predicted IBS post-travel.

    CONCLUSION:     This study indicates that gastrointestinal infection as well as predisposing factors such as female 

gender, vulnerability to diarrhea under stress, illness anxiety, and somatic symptom burden predict 

the development of IBS. The results indicate the necessity of simultaneously addressing both 

somatic and psychological needs in patients with IBS as early as possible.
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  We identifi ed nine prospective studies, exploring potential psy-

chosocial IBS-predictors. Four studies ( 13–16 ) showed that ele-

vated scores of almost every psychosocial variable assessed while 

patients were hospitalized for gastroenteritis were able to predict 

the development of IBS 3 to 15 months later. Two studies examined 

large birth cohorts and assessed IBS symptoms several years aft er 

psychopathology assessment ( 17,18 ). Of these, only one suggested 

a long-term prospective link between premorbid psychopathology 

and the development of IBS ( 18 ). In a primary care study that 

included IBS-free patients ( 8 ), only illness behavior predicted IBS 

in multivariate analyses. A prospective population-based study 

yielded that participants with higher levels of anxiety and depres-

sion at baseline were more likely to develop IBS 12 years later ( 10 ). 

Finally, in a study that included travelers to resource-limited des-

tinations ( 19 ), adverse life events predicted newly developed IBS 

6 months later; however, other psychosocial risk factors were not 

assessed.

  When considering these results, several methodological prob-

lems emerge: First, results from hospitalized, and potentially more 

psychosocially burdened persons, may create a bias in favor of psy-

chological factors. In addition, no conclusion can be drawn regard-

ing the diff erences between post-infectious and “spontaneous” IBS 

in patients treated for gastrointestinal infection. Similarly to hos-

pitalized patients, primary care patients may also over-represent 

the contribution of psychological burden to IBS development. 

Another methodological threat to the validity of the study results is 

that multivariate analyses were conducted in only half of the above-

mentioned studies ( 14,16,18,19 ). Furthermore, the studies that 

conducted multivariate analyses used smaller sample sizes than 

recommended ( 20 ), which diminishes the validity of the results.

  Although the results regarding the predictive value of psycho-

social factors for IBS are still inconclusive, the role of biological 

factors in the development of IBS is becoming more recognized. 

Gastrointestinal infection, with Norovirus as the most common 

viral pathogen and Campylobacter as the most common bacte-

rial pathogen, is a substantial community and healthcare burden 

( 21 ). Th ere is a large body of evidence indicating that individuals 

who suff er from a gastrointestinal infection have an increased risk 

of developing IBS ( 22,23 ). Up to one-third of patients suff er from 

prolonged gastrointestinal complaints aft er acute gastroenteritis 

such as travelers’ diarrhea, and a substantial proportion of these 

patients also subsequently meet the criteria for post-infectious IBS 

( 24–26 ). Th e underlying pathophysiologic mechanisms that may 

be involved in the development of post-infectious IBS include per-

sistent alterations in mucosal immune responses, neuro-immune 

interactions, and gastrointestinal microbiota. Th ese mechanisms 

have been shown to lead to disturbances of gut motility and secre-

tion as well as increased sensitivity ( 27 ). Previous literature indi-

cates that female gender and severity of initial enterocolitis are 

possible biological risk factors. Post-infectious IBS is considered 

to be a distinctive IBS subgroup characterized by predominantly 

diarrheal symptoms, typical rectal-histologic fi ndings ( 28,29 ), less 

pronounced comorbid psychiatric symptoms, and a better progno-

sis ( 30,31 ). However, thus far, no study has included participants 

before infection occurred and investigated the individual contri-

bution of infection, demographic, and psychosocial risk factors to 

the development of IBS in multivariate analyses.

  To investigate the individual role of demographic, somatic, and 

psychosocial risk factors to the development of IBS and to over-

come the methodological problems of earlier studies, we followed 

a large cohort of travelers before and aft er a long-distance journey. 

Th is group was chosen because they were at high risk for develop-

ing gastrointestinal infections and could be included in the study 

before infection occurred. Th e primary aim was to investigate the 

individual contribution of psychosocial and demographic factors, 

somatic symptoms, and gastrointestinal infection to the devel-

opment of IBS in a non-clinical, IBS-free community sample. 

Specifi cally, we tested the hypothesis that psychosocial factors 

independently predict the onset of IBS at follow-up. As second-

ary aims, we investigated the frequency of travelers’ diarrhea and 

the rates of newly emerged post-infectious and non-infectious IBS 

aft er long-distance travel.

    METHODS

   Participants and study design

  We performed a prospective cohort study in gastrointestinal 

healthy travelers with baseline assessment before and follow-

up assessments aft er a long-distance journey. We expected that 

approximately 50% of travelers would contract a gastrointestinal 

infection (i.e., travelers’ diarrhea) during their journey ( 32 ). Th e 

recruitment of participants before their long-distance journey 

enabled us to assess psychological and other risk factors before 

infection. Participants were recruited in the waiting room of the 

Bernhard Nocht Clinic for Vaccination and Travel Advice in 

Hamburg, Germany, between January 2011 and September 2012. 

Inclusion criteria were being aged 18 or older, German-speaking, 

and visiting the clinic in preparation of a long-distance journey 

with a duration of up to 12 months. Exclusion criteria were 

history of chronic infl ammatory bowel disease or other gastro-

intestinal disorders, previous intestinal resection, genetic poly-

posis syndrome, and abuse of laxatives or prokinetic agents. Th e 

study participants who were diagnosed with IBS according to the 

ROME-III criteria ( 33,34 ) at baseline were also excluded.

  Travelers gave written informed consent and completed the 

baseline questionnaire while waiting for their travel consultation 

(T0). Participants were then contacted 1 week aft er returning 

from their long-distance journey (T1) and 7 months later (T2) via 

e-mail and were invited to complete an online version of the ques-

tionnaire. If no e-mail address was available, participants received 

both follow-up questionnaires by mail. Participants who did not 

reply received two e-mails or were mailed reminders at intervals of 

1 week and were contacted via telephone and invited to respond an 

additional 2 weeks later. We obtained institutional ethical approval 

for this study from the ethics committee of the Medical Associa-

tion of Hamburg (PV3432).

    Data collection

  At baseline (T0), demographic characteristics, prior history of 

gastrointestinal medical conditions, abuse of laxatives, symptoms 
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of IBS, severity of depressive symptoms, somatic symptom burden, 

illness anxiety, neuroticism, self-perceived stress, vulnerability to 

diarrhea under stress, history of diarrhea 4 months pre-travel, and 

duration of journey were assessed using a structured self-report 

questionnaire. Th e T1-questionnaire consisted of questions to 

confi rm the participant’s travel itinerary and to document the 

incidence and history of travelers’ diarrhea. IBS was diagnosed 

using the ROME-III criteria at baseline and at follow-ups.

   Self-report scales  .     IBS was assessed according to the ROME-III 

criteria ( 33,35 ) using the German IBS-Module of the ROME-III 

Diagnostic Questionnaire ( 34 ). Th e Patient Health Question-

naire-15 ( 36 ) was used to measure the overall severity of the 15 

most common somatic symptoms encountered in primary care. 

Th e validated seven-item short form of the Whiteley Index ( 37 ) 

was used to assess illness anxiety according to the Diagnostic 

and Statistical Manual of Mental Disorders—Fourth Edition 

and International Statistical Classifi cation of Diseases and 

Related Health Problems—10th Revision. Th e well-validated 

Patient Health Questionnaire-9 ( 38,39 ) was used to assess the 

severity of depressive symptoms; each item evaluates one of the 

nine Diagnostic and Statistical Manual of Mental Disorders—

Fift h Edition-criteria for major depressive disorder ( 40 ). We used 

the Perceived Stress Questionnaire ( 41 ) to assess stress independ-

ent of a specifi c occasion. We used the neuroticism subscale from 

the BIG-Five-Inventory (BFI-K) ( 42 ), as an effi  cient and well-

validated instrument to measure neuroticism. Vulnerability to 

diarrhea under stress was measured using a single Likert-scaled 

(1=never to 4=always) item in accordance with the diathesis-

stress model of psychosomatic disorders.

    Classifi cation of diarrhea  .     Patients who experienced one or two 

loose stools per 24 h while abroad were classifi ed as having “ mild 

travelers’ diarrhea ” ( 43,44 ). “ Moderate travelers’ diarrhea ” was de-

fi ned as having two loose stools with at least one accompanying 

symptom (fever, nausea, vomiting, abdominal cramps, tenesmus, 

fever, blood in stools, mucus in stools) or as three or more un-

formed stools per 24 h without any additional symptoms. “ Classic 

travelers’ diarrhea ” was defi ned as three or more unformed stools 

per 24 h with at least one accompanying symptom ( 44,45 ). Cases 

were labeled “ post-infectious ” when IBS was either associated 

with travelers’ diarrhea on the index trip or with diarrhea with-

in 4 months pre-travel (because diarrhea is most frequently 

caused by infections) ( 25,28 ). Other new IBS cases were labeled 

“non-infectious.” Diarrhea assessments were identical at all 

assessment points. Testing for infection (i.e., a stool culture) was 

not feasible within the study design and is not recommended as a 

standard diagnostic procedure in uncomplicated gastrointestinal 

infection ( 46 ).

     Statistical analyses

  Our literature review suggested that illness anxiety is the most reli-

able predictor of IBS development in previous analyses and thus 

formed the basis of our sample size estimation, which was based 

on univariate comparisons of baseline illness anxiety between 

participant groups with and without newly developed IBS using 

 t -tests. One study, which used the Whiteley Index to investigate 

the diff erences in illness anxiety between gastroenteritis patients 

with and without newly developed IBS, found a univariate eff ect 

size of  d =0.70 ( 14 ). Given the non-clinical nature of our sample, 

we expected a medium eff ect size of  d =0.50 ( 47 ). Based on the 

results of two meta-analyses ( 24,25 ), we expected that 10% of 

cases would develop new IBS aft er infectious gastroenteritis. With 

a 0.05 level of signifi cance (two-tailed), minimum sample sizes 

of  N =36 persons with newly developed IBS, and  N =360 persons 

without newly developed IBS aft er infectious gastroenteritis, were 

required to ensure 80% power in the univariate analysis.

  We compared diff erences in the proportions of certain demo-

graphic, psychosocial, medical, and travel-related variables using 

chi-square tests. Diff erences in continuous variables such as 

somatic symptom burden and depression were compared using 

 t -tests. Analysis of variance was performed if more than two 

groups were compared. We calculated Cramer’s  V , Cohen’s  d , and 

η  2  eff ect sizes and defi ned small, medium, and large eff ects accord-

ing to Cohen ( 47 ). In order to investigate the representativeness of 

the sample of travelers who completed all assessments, their base-

line data were compared with (a) reference values from the Ger-

man General population ( 48 ) and (b) baseline data of travelers lost 

to follow-up. Given the large sample size of the general population 

data, no statistical tests were conducted.

  We conducted multiple logistic regression analyses and assessed 

the likelihood that demographic, diarrhea-associated, and psy-

chosocial factors are associated with the development of IBS. 

All predictors were entered into the model simultaneously. For 

univariate and multivariate regression analyses, the severity of 

diarrhea was dichotomized: “ moderate or classic travelers’ diarrhea ” 

vs. “ none or mild travelers’ diarrhea. ” To reduce the infl uence of 

any confounding demographic predictors, we included gender and 

age as co-variates. According to the current literature, we included 

depression, neuroticism, self-perceived stress, and vulnerability to 

diarrhea under stress as psychosocial predictors of IBS.

  Given that somatic complaints and illness anxiety are the core 

diagnostic features in the process of somatization ( 40 ) and are 

closely intertwined ( 49 ), we expected multicollinearity to be an 

issue and decided  a priori  to examine the two components in two 

separate models. Nevertheless, multicollinearity was tested for the 

two preplanned separate multivariate regression models and also 

when including all the predictor variables in a single multivari-

ate regression model. For the two preplanned regression models, 

analyses revealed variance infl ation factors below 2.2 and toler-

ance values above 0.46, thus indicating no multicollinearity issues 

( 50 ). When we tested all predictor variables in one multivariate 

regression model, however, variance infl ation factors increased 

and illness anxiety and somatic complaints reduced each other’s 

explanatory power: Single coeffi  cients were not signifi cant—yet 

testing whether at least one of both predictors had explanatory 

value resulted in  P =0.013. Th us, the infl uence of one predictor 

appeared to be masked by the presence of the other predictor. 

Th erefore, it seemed advisable to report the two preplanned sepa-

rate regression models.
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  In less than 5% of cases, data were missing, and from a total 

of 17,850 predictor variable values, 176 were missing (0.99%). 

Although these small amounts of missing data were not considered 

to bias the statistical fi ndings ( 51 ), the results from multivariate 

regression analyses are reported for original non-imputed analyses 

as well as aft er multiple imputation ( 52 ). Data were analyzed using 

SPSS statistical soft ware, version 22.

     RESULTS

   Characteristics of study participants

  Between January 2011 and September 2012, 6,300 travelers vis-

ited the Clinic for Vaccination and Travel Advice. Of those, 4,336 

persons were not eligible because they did not fulfi ll the study’s 

inclusion criteria. One-thousand nine-hundred sixty-four per-

sons provided informed consent and were included (T0). A total 

of 1,464 travelers (75%) responded at follow-up directly aft er their 

journey (T1). At 7 months post-travel (T2), 1,190 of the afore-

mentioned participants (81%) responded and thus were included 

in the prospective analyses ( Figure 1 ). Baseline characteristics of 

the study participants are shown in  Table 1 .

  Compared to the German general population data, our sam-

ple of long-distance travelers was younger and more highly edu-

cated, but there were no relevant diff erences regarding gender and 

partnership. Regarding the psychological self-report scales, the 

diff erences between scale scores of our sample and those of the 

general population were small (all Cohens’  d  eff ects sizes <0.30), 

except for illness anxiety and neuroticism, where the study com-

pleters had lower values than the general population. Comparisons 

between the responders and non-responders from our study sam-

ple at baseline indicated that there were no diff erences regarding 

gender, educational level, frequency of diarrhea within 4 months 

pre-travel, and vulnerability to diarrhea under stress. In addition, 

there was no diff erence regarding the frequency of travelers’ 

Visitors of the clinic for vaccination and travel advice (January 2011–September 2012)
(n=6,300)

T0: baseline before journey
(n=1,964)

T1: follow-up after journey
(n=1,464 / 75%)

* Underage (n=466)

* Does not speak German (n=428) 

* Left too early to receive study information (n=365)

* Emigrants (n=70)

* Travel duration > 12 months (n=28)

* Travel data unknown (n=57)

* Met gastrointestinal/ medical exclusion criteria (n=99)

* IBS positive (n=401)

* IBS data incomplete (n=63)

* Informed, no consent (n=2,359)

Not eligible 
(n=4,336)

* Nonresponse (n=438) 

* Unknown address (n=62)

Lost to follow-up (T2)

* Nonresponse (n=274) 

T2: follow-up 7-months after journey
(n=1,190 / 81%)

Lost to follow-up (T1)

 Figure 1 .     Flow of participants through the study.
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living with a partner, had lower levels of illness anxiety, and higher 

levels of depression severity, somatic symptom severity, and self-

perceived stress compared to responders. Importantly, all signifi -

cant group diff erences corresponded to small eff ect sizes.

    Travel characteristics and travelers’ diarrhea

  Mean travel duration was 40.8 days (s.d.=52.7) ( Table 1 ), rang-

ing between 4 days and 1 year. Approximately a third of study 

parti cipants experienced at least one episode of diarrhea within 

4 months pre-travel, which was classifi ed as moderate or classic 

diarrhea (28.4%, 95% confi dence interval (CI)=26.0-31.1). Almost 

half of the study population experienced travelers’ diarrhea; most 

of these cases were classifi ed as moderate or classic travelers’ diar-

rhea (43.3%, 95% CI=40.4-46.1). Altogether, more than half of the 

study participants (56.4%, 95% CI=53.6-59.3) experienced at least 

one episode of moderate or classic diarrhea prior to  or  while trave-

ling and were thus classifi ed as candidates for post-infectious IBS.

    Rates of post-infectious and non-infectious IBS

  Th e overall incidence of newly developed IBS 7 months aft er 

a long-distance journey was 7.2% ( n =85, 95% CI=5.8-8.6%). 

Seventy-two of the 669 participants who experienced episodes 

of diarrhea prior to or during their journey developed new-onset 

IBS aft er 7 months. Th is corresponded to a rate of post-infectious 

IBS of 10.7% (95% CI=8.4 vs. 13.4%). In contrast, only 13 of 514 

participants who did not experience episodes of diarrhea prior to 

or during their journey developed new-onset IBS aft er 7 months, 

corresponding to a rate of 2.5% (95%CI=1.3 to 4.0%).

    Predictors of developing IBS

   Table 2  details the diff erences in the baseline characteristics of study 

participants with and without IBS at the 7-month follow-up, using 

univariate analyses. Compared to the study participants with no 

IBS, the participants with newly developed IBS were signifi cantly 

younger, were more likely to be female, were less likely to be living 

with a partner, indicated a higher vulnerability to diarrhea under 

stress, had a higher frequency of diarrhea within 4 months prior 

to the journey, and experienced travelers’ diarrhea more frequently 

during their journey. In addition, journey duration was signifi -

cantly longer in participants who developed IBS and they experi-

enced signifi cantly higher levels of depression severity, neuroticism, 

illness anxiety, and somatic symptom burden at baseline compared 

to those who did not develop IBS. In contrast, self-perceived stress 

at baseline did not diff er signifi cantly between the two groups.

  Th e results of the multiple logistic regression analyses are shown 

in  Figures 2 and 3 . Th e multiple regression analyses including 

somatic symptom burden ( Figure 2 ) and illness anxiety ( Figure 3 ) 

yielded similar results: Female gender, at least moderate travelers’ 

diarrhea during the journey, at least moderate diarrhea within 

the 4 months prior to the journey, vulnerability to diarrhea 

under stress, and illness anxiety and somatic symptom burden 

signifi cantly predicted the risk of developing IBS post-travel. In 

contrast to the univariate comparisons ( Table 2 ), neuroticism and 

depression did not infl uence the frequency of IBS at follow-up, 

when all other predictors were controlled for. Th e results for the 

diarrhea between study completers and those who completed 

T1, but were lost to follow-up at T2. However, at baseline non-

responders were signifi cantly younger, signifi cantly less likely to be 

 Table 1  .     Baseline characteristics of study completers and 

reference values 

      Study completers  

  n   =1,190   a   

  General population 

reference values   b   

  Binary variables   n  (%)    (%)  

  Age group 

   18–29 years  396 (33.6)  (17.0)  c   

   30–49 years  364 (38.0)  (34.1)  c   

   50–64 years  248 (17.6)  (24.3)  c   

   ≥65 years  172 (10.8)  (24.6)  c   

  Female  628 (52.8)  (51.7)  c   

   Educational level, ≤10 years 

of education 

 177 (15.0)  (64.3)  c   

  Not living with a partner  541 (45.9)  (48.0)  c   

   Diarrhea within 4 months prior 

to journey, at least moderate 

 337 (28.4)  NA 

   Travelers’ diarrhea, at least 

moderate 

 515 (43.3)  NA 

   Diarrhea within 4 months 

and/or travelers’ diarrhea, at 

least moderate 

 670 (56.4)  NA 

  Stay in high risk region  1039 (87.5)  NA 

  Quantitative variables    M (s.d.)    M (s.d.)  

   Vulnerability to diarrhea 

under stress 

 1.8 (0.8)  NA 

   Somatic symptom severity 

(PHQ-15) 

 4.1 (2.8)  3.9 (4.1)  d   

  Illness anxiety (WI-7)  1.4 (0.4)  1.9 (1.0)  e   

  Depression severity (PHQ-9)  3.6 (3.0)  3.6 (4.1)  f   

  Neuroticism (BFI-K)  2.5 (0.7)  3.1 (1.2)  g   

  Self-perceived stress (PSQ-5)  2.2 (0.4)  2.3 (0.9)  h   

  Duration of journey, days  40.8 (52.8)  NA 

 BFI-K, Big Five Inventory (short version); NA, not available; PHQ-9, Patient 

Health Questionnaire-9; PHQ-15, Patient Health Questionnaire-15; PSQ-5, 

Perceived Stress Questionnaire; WI-7, Whitely-Index . 

   a   Sample size varied between  n =1,177 and  n =1,190 due to missing values.  

   b   All reference values are from general population samples, except reference 

values for WI-7 and BFI-K which are from student population samples.  

   c   Statistisches Bundesamt ( 48 ).  

   d   Kocalevent RD, Hinz A, Brähler E. Standardization of a screening instrument 

(PHQ-15) for somatization syndromes in the general population. BMC Psychiatry 

2013; 13:91.  

   e   Welch PG, Carleton RN, Asmundson GJ. Measuring health anxiety: moving past 

the dichotomous response option of the original Whiteley Index. J Anxiety Disord 

2009; 23:1002-7.  

   f   Rief W, Nanke A, Klaiberg A  et al.  Base rates for panic and depression accord-

ing to the Brief Patient Health Questionnaire: a population-based study. J Affect 

Disord 2004; 82:271-6.  

   g   Rammstedt and John ( 42 ).  

   h   Fliege  et al.  ( 41 ).  
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original non-imputed logistic regression analyses were similar to 

the results aft er multiple imputation, indicating that missing values 

did not infl uence the results.

     DISCUSSION

  Our prospective study contributes several new insights to the 

understanding of the development of IBS. First, the etiology of 

IBS is clearly multifactorial: gastrointestinal infection, female 

gender, vulnerability to diarrhea, illness anxiety, and somatic 

symptom burden independently predict the development of IBS. 

Of note, the strongest risk increase is associated with biological 

factors, whereas female gender, previous diarrhea, and gastrointes-

tinal infection each double the risk of IBS-development. Second, 

with the exception of self-perceived stress, all of the psychosocial 

variables that we examined were associated with the development 

of IBS in univariate analyses. However, in multivariate analyses, 

we found that factors that are more closely connected to the diag-

nostic concept of somatic symptom disorder ( 40 ) (illness anxiety, 

somatic symptom burden) play the most important role. General 

psychological burden, such as neuroticism or depression severity, 

did not have any additional predictive value in the multivariate 

analyses. Th us, anxiety specifi cally related to somatic symptoms 

seems to be more relevant for the development of IBS than non-

specifi c psychological burden.

  Th e fact that gastrointestinal infection and female gender were 

identifi ed as strong predictors of IBS development is compatible 

with the fi ndings of earlier studies ( 24–26 ). However, due to the 

design of the study, in which all information on the gastrointestinal 

infection was solely based on participants’ questionnaire reports, it 

is impossible to further investigate the underlying biological patho-

mechanisms which are potentially responsible for IBS develop-

ment in this cohort. As mentioned above, a personal vulnerability 

to diarrhea, elevated levels of illness anxiety, and elevated somatic 

symptom burden also increase the risk of IBS development—these 

characteristics may indicate a general predisposition to IBS. Based 

on these results, a biopsychosocial model of IBS-development can be 

deduced that includes (a) the predisposing demographic, somatic, 

and psychological factors, and (b) an acute gastrointestinal infection 

that eventually triggers the development of IBS, which is of particu-

lar importance. Based on these fi ndings, a risk score for IBS develop-

ment could be derived for use in prevention, patient care or research. 

Although, at this point, the pathophysiology of IBS following gastro-

intestinal infection is not completely understood, there is increasing 

evidence that alterations in mucosal immune responses, the enteric 

nervous system, and the gut microbiome ( 27,53 ) may be involved in 

IBS development in predisposed persons. Further research is neces-

sary to elucidate the mechanisms of a potential predisposition to IBS 

symptoms, especially under stress, and their interaction with bio-

logical enteric alterations aft er gastrointestinal infection.

  A total of 7% of long-distance travelers developed new IBS within 

the fi rst 7 months aft er their journey which indicates that a long-

distance journey itself constitutes a risk factor for the development 

of IBS. Of note, the subdivision in subgroups of individuals with 

and without travelers’ diarrhea indicated the substantial diff erence 

in rates of newly developed IBS between these two groups (10.7%; 

95% CI=8.4-13.4% vs. 2.5%; 95% CI=1.3-4.0%). Th e fourfold 

higher rate of new IBS in those who developed travelers’ diarrhea 

emphasizes the important role of gastrointestinal infection in the 

development of IBS.

 Table 2  .     Differences in baseline variables between patients with 

and without newly developed irritable bowel syndrome at the 

7-month follow-up (univariate analyses) 

    No IBS at 

follow-up  

  n   =1,094   a   

  New IBS at 

follow-up  

  n   =85   b   

  Group differences  

         P    value    Effect size   c   

  Binary variables   n  (%)    (%)      

  Female  560 (51.2)  63 (74.1)  <0.001   V =0.12 

   Educational 

level, ≤10 years of 

schooling 

 166 (15.3)  9 (10.7)  0.256   V =0.03 

   Living situation, not 

living with a partner 

 489 (45.2)  48 (57.1)  0.034   V =0.06 

   Diarrhea within 

4 months prior to 

journey, at least 

moderate 

 286 (26.2)  48 (56.5)  <0.001   V =0.17 

   Travelers’ diarrhea, 

at least moderate 

 453 (41.4)  55 (64.7)  <0.001   V =0.12 

   Stay in high risk 

region 

 959 (87.6)  71 (83.5)  0.24   V =0.03 

  Quantitative variables    M (s.d.)    M (s.d.)      

  Age  40.4 (15.6)  33.6 (14.4)  <0.001   d =0.44 

   Vulnerability to 

diarrhea under 

stress 

 1.7 (0.7)  2.2 (0.8)  <0.001   d =0.66 

   Somatic symptom 

severity (PHQ-15) 

 4.0 (2.8)  5.9 (3.4)  <0.001   d =0.67 

   Illness anxiety 

(WI-7) 

 1.4 (0.4)  1.5 (0.4)  0.001   d =0.25 

   Depression severity 

(PHQ-9) 

 3.5 (2.9)  4.6 (3.5)  0.001   d =0.37 

   Neuroticism 

(BFI-K) 

 2.5 (0.7)  2.7 (0.7)  0.023   d =0.29 

   Self-perceived 

stress (PSQ-5) 

 2.2 (0.4)  2.3 (0.4)  0.078   d =0.20 

   Duration of journey, 

days 

 38.9 (49.8)  60.9 (70.4)  0.006   d =0.43 

 BFI-K, Big Five Inventory (short version); IBS, irritable bowel syndrome; PHQ-9, 

Patient Health Questionnaire-9; PHQ-15, Patient Health Questionnaire-15; 

PSQ-5, Perceived Stress Questionnaire; s.d., standard deviation; 

WI-7=Whitely-Index. 

   a   Sample size varied between  n =1,081 and  n =1,094 due to missing values.  

   b   Sample size varied between  n =84 and  n =85 due to missing values.  

   c   Differences in continuous variables were compared using  t -tests, differences in 

categorical variables were compared using chi-squared tests or Fisher’s exact 

test (if expected value in at least one of the cells was below 5). Cramer’s  V  ( V ) 

effect sizes for categorical variables with  V ≥0.1 ~small,  V ≥0.3 ~medium and 

 V ≥0.5 ~large effect (d.f.=1) and Cohen’s  d  for continuous variables with  d ≥0.3 

~small,  d ≥0.5 ~medium and  d ≥0.8 ~large effect.  
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acknowledged. First, follow-up rates were 75% directly aft er the 

journey and 81% seven months post-travel; therefore, selection bias 

cannot be excluded. However, these response rates lie above those of 

other questionnaire-based studies ( 54 ) and diff erences of the scale 

scores between responders and non-responders were very small and 

showed no general inclination of increased psychological stress in 

one of the groups. Second, responders and non-responders diff ered 

  Our assessment of risk factors before the onset of gastrointesti-

nal infection minimized the selection bias as introduced by earlier 

studies that investigated participants who had already developed 

gastrointestinal symptoms and may, therefore, experience higher 

psychological distress. Additional study strengths include the large 

sample size, multivariate analyses, and the use of standardized, 

well-validated instruments. However, some limitations need to be 
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 Figure 2 .     Baseline predictors of newly developed IBS including illness anxiety. The results from multiple linear regression analyses are displayed as 

a forest plot. Odds ratios for age were investigated using steps of 10 years. BFI-K, Big Five Inventory (short version); IBS, irritable bowel syndrome; 

PHQ-9; Patient Health Questionnaire-9; PSQ-5, Perceived Stress Questionnaire; WI-7, Whitely-Index.        
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in both age and education, which may aff ect the generalizability of 

results. Th ere were no signifi cant diff erences, however, regarding 

gender and having a partner. In addition, due to missing data from 

the German general population, it was not possible to conduct a 

clear comparison of bowel frequency and rate of diarrhea between 

our study sample and the German general population. Neverthe-

less, the results of the psychological scales of our study sample were 

not elevated compared to scores from the general population which 

suggests that symptoms were not over-reported. Th ird, as in most 

community-based studies, we recorded IBS symptomatology using 

a standardized questionnaire, but could not perform a strict diff er-

ential diagnosis or verify the signifi cance of the level of suff ering as 

required in clinical guidelines ( 55 ). Th us, the results refer to the pre-

diction of an irritable bowel symptomatology, but not to the strict 

IBS diagnosis. Finally, information on gastrointestinal infection was 

solely based on participants’ reports and no test of infection was con-

ducted. A detailed analysis of the potentially underlying biological 

factors was, therefore, not possible.

  In addition to their roles as risk factors for IBS development, 

elevated levels of illness anxiety and somatic symptom burden 

are also known to be associated with reduced quality of life and 

functional impairment ( 56,57 ). Th erefore, early recognition and 

monitoring of these variables appear worthwhile. Several brief 

and validated self-report scales exist for this, including the Patient 

Health Questionnaire-15 ( 36 ) and the Somatic Symptom Scale-8 

( 58 ) to assess somatic symptom severity, and the Whiteley Index 

( 37 ) and the Somatic Symptom Disorder-B Criteria Scale ( 59 ) to 

measure illness anxiety.

  Altogether, our study results provide explanatory evidence 

for the etiology of IBS, which is clearly multifactorial. Neither 

gastrointestinal infections nor other risk factors alone are suffi  -

cient to explain the development of IBS. As a consequence, the 

management of IBS suff erers should address both somatic and 

psychological needs as early as possible. For example, treatment 

that solely focuses on somatic factors may neglect an important 

contributing factor if the patient suff ers from elevated levels of 

anxiety and interprets “normal” bodily symptoms as signs of 

severe disease. However, psychological treatments alone will not 

address the patient’s needs if the gastrointestinal symptoms are 

a consequence of altered enteric function following gastrointes-

tinal infection. Future studies are necessary to better recognize 

the mechanisms of how the identifi ed risk factors infl uence the 

development of IBS. Th ese studies should incorporate both 

predisposing psychological factors as well as biological alterations 

of gut functions and microbiota, and might thereby supplement 

our current biopsychosocial model of IBS-development. Th e 

results from these studies will then help develop targeted strat-

egies for eff ective IBS patient management. Our current results 

emphasize that prevention, diagnosis, and treatment should 

simultaneously address the somatic and psychological factors that 

contribute to the development of IBS.

     ACKNOWLEDGMENTS 

  We thank Professor Gerd-Dieter Burchard, MD (Director, Bern-

hard Nocht Clinic for Vaccination and Travel Advice in Hamburg, 

Germany) for his permission to collect data and his great support 

during all phases of the study. We also thank Alexandra Murray, 

PhD (University Medical Center Hamburg-Eppendorf, Germany), 

for her critical review of the manuscript. We gratefully acknowledge 

the statistical supervision of Pascal Jordan, PhD (University Medical 

Center Hamburg-Eppendorf, Germany). Finally, we thank all of the 

patients and physicians who contributed to this study.

    CONFLICT OF INTEREST 

  Guarantors of the article:  Bernd Löwe, MD and Wiebke Broicher, PhD.

   Specifi c author contributions:  Study concept and design: Löwe, 

Lohse, Andresen, Broicher. Acquisition of data: Andresen, Broicher. 

Analysis and interpretation of data: Löwe, Lohse, Andresen, 

Vettorazzi, Broicher. Draft ing of the manuscript: Löwe, Broicher. 

Critical revision of the manuscript for important intellectual content: 

Löwe, Lohse, Andresen, Vettorazzi, Broicher. Statistical analysis: 

Broicher, Vettorazzi. Obtained funding: Löwe, Lohse, Broicher. 

Administrative, technical, or material support: Löwe, Lohse. Study 

supervision: Löwe, Lohse.

   Financial support:  Th e study was funded by the Deutsche 

Forschungsgemeinschaft ; the principal investigator was Bernd Löwe 

(DFG; LO 766/6-1). Th e sponsor of the study had no role in the 

design and conduct of the study; collection, management, analysis, 

or interpretation of the data; or preparation, review, or approval of 

the manuscript.

   Potential competing interests:  Viola Andresen has received speaker 

and/or consulting fees from Almirall, Allergan, Astra Zeneca, 

Boehringer Ingelheim, Falk, Schwabe, Shire and Yakult. No other 

authors have any confl icts of interest, including relevant fi nancial 

interests, activities, relationships or affi  liations.

   

 Study Highlights

   WHAT IS CURRENT KNOWLEDGE 

    ✓     Individuals who suffer from gastrointestinal infection have 
an increased risk of developing irritable bowel syndrome 
(IBS). 

   ✓     Psychosocial variables are associated with IBS, but their 
role in the etiology of IBS is unknown. 

   ✓     The independent contributions of psychosocial risk factors, 
demographic factors, somatic symptoms, and gastrointesti-
nal infection to the development of IBS are unknown. 

    WHAT IS NEW HERE 

    ✓     This study prospectively investigated the independent 
contribution of individual risk factors to IBS development 
before gastrointestinal infection occurred. 

   ✓     The results of this prospective study provide evidence for a 
biopsychosocial model of IBS-development. 

   ✓     Independent predisposing factors for IBS development 
include: female gender, vulnerability to diarrhea under 
stress, previous diarrhea, subjective somatic symptom 
burden, and illness anxiety. 

   ✓     Acute gastrointestinal infection doubles the risk of IBS 
development independently of all other risk factors and 
eventually triggers the development of IBS. 
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