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        INTRODUCTION

  Functional gastrointestinal disorders, including irritable bowel 

syndrome (IBS), represent a signifi cant burden of disease in the 

United States and globally, with an IBS prevalence estimate of 14% 

( ref. 1 ). A recent systematic review found direct medical costs 

related to IBS of $1,562–$7,547, and indirect costs of $791–$7,737 

per patient per year ( 2 ). In addition to increased direct medical 

care costs, IBS negatively impacts a patient’s quality of life, result-

ing in increased fatigue, limitations in physical capabilities, and 

an overall lower perception of general health compared with the 

general population ( 3 ). Although data are emerging on the com-

plex and varied disease mechanisms of IBS, epidemiological stud-

ies remain important to further elucidate relationships between 

risk factors and disease development ( 4 ). Previous studies have 

described IBS incidence and risk factors among the US military 

members using the Department of Defense medical encounter 

databases, confi rming other civilian population-based studies 

identifying gender and antecedent gastrointestinal infection as 
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risk factors ( 5 ). However, these previous reports, which relied on 

existing administrative databases containing medical encounter 

and demographic data, lacked information on many confounders 

such as life stressors and health behaviors, which are likely impor-

tant in understanding risk and underlying causal mechanisms for 

this condition. To further explore incidence and risk factors for 

IBS in the US military, we used data from the Millennium Cohort 

Study, a large prospective study of military service members, to 

better understand associations between multiple exposures and 

risk of developing IBS.

    METHODS

   Study population

  Th e Millennium Cohort Study is a 21-year longitudinal study ini-

tiated in 2001 to prospectively follow the US military personnel 

from all service branches to evaluate the impact of military ser-

vice, including deployment, on short- and long-term health. Th e 

methodology has previously been described ( 6–8 ). In brief, it is 

a large, population-based cohort representing all military service 

branches and includes regular active duty, Reserve, and National 

Guard personnel. Since the fi rst wave of invitations in 2001, over 

200,000 participants have been enrolled as part of four separate 

accession panels: panel 1 (July 2001–June 2003),  N =77,047; panel 

2 (June 2004–February 2006),  N =31,110; panel 3 (June 2007–

December 2008),  N =43,439; and panel 4 (April 2011–April 2013), 

 N =50,052. More than 70% of the fi rst two panels have submitted 

at least one follow-up questionnaire. Panel 1 was drawn from a 

population-based random sample of the US military in October 

2000, with oversampling of Reserve/Guard personnel, women, 

and those with previous deployment experience in Bosnia, 

Kosovo, or Southwest Asia. Panels 2 and 3 sampled new acces-

sions only, those with 1–3 years of military service, and oversam-

pled for Marines and women. Study participants have completed 

a baseline survey, and they will continue to receive follow-up 

questionnaires approximately every 3 years.

  Th e population for this study included Millennium Cohort Study 

participants who completed a baseline and at least one follow-up 

questionnaire between 2001 and 2009, who had not left  active 

military service at the time of completing their fi rst survey, and 

were without IBS or infl ammatory bowel disease (IBD) at baseline. 

Excluded were subjects who endorsed every provider-based ill-

ness diagnosis on any survey, as well as those missing any data for 

covariates of interest. Th is latter exclusion contributes to slight dif-

ferences in study populations for any IBS and highly probable IBS. 

For the any IBS model, all cases were censored at the date of diag-

nosis, and data on covariates were captured from the most recent 

survey completed before diagnosis. Depending on whether there 

were incomplete or missing data on that survey, the participant 

may or may not have been included in the fi nal any IBS model. For 

the highly probable IBS model, cases that did not meet the stricter 

defi nition of highly probable IBS were assigned a new censoring 

date, therefore covariate data could have been chosen from a dif-

ferent survey than for the any IBS model. Depending on the status 

of missing data, this resulted in participants being included in the 

any IBS model but excluded from the highly probable IBS model 

or vice versa. Th e number of participants aff ected by this change 

in censoring date and survey assignment for covariates was small 

(any IBS:  n =13; highly probable IBS:  n =17) and did not aff ect the 

interpretation of any of the fi nal models.

  Participants were enrolled in the Millennium Cohort Study 

aft er providing full informed consent. Th e IBS study protocol 

was approved by the institutional review boards at the Uniformed 

Services University of the Health Sciences and the Naval Health 

Research Center (Protocol NHRC.2000.0007). Both studies were 

conducted in compliance with all applicable federal regulations 

governing the protection of human subjects in research.

    Incident IBS

  Incident cases of IBS were identifi ed using the military medical 

encounter data from July 2001 to December 2009, received from 

the TRICARE Management Activity. Any person with at least 

two medical encounters occurring within a 365-day period and 

containing the International Classifi cation of Diseases, 9th Revi-

sion, Clinical Modifi cation (ICD-9-CM) code 564.1 (IBS) in any 

diagnosis fi eld was considered an incident case of IBS and defi ned 

as any IBS. In addition, a more specifi c defi nition of highly prob-

able IBS was used if an endoscopy was documented via procedure 

codes (451, 4511–4516, 4519, 4523, 4524) or Current Procedural 

Technology code (45330–45334, 45338, 45378, 45379, 45380, 

45382, 45384, 45385) between the two medical encounters, and 

no evidence of a diagnosis of IBD between the two IBS medical 

encounters. IBD was defi ned as either self-report of provider-

based IBD diagnosis on the Millennium Cohort survey or two 

IBD-related medical encounters (ICD-9-CM codes 555.0, 555.1, 

555.9, and all 556 subgroups) in a 365-day period.

    Baseline IBS and IBD

  Assessment of baseline IBS and IBD cases based on medical 

encounter data were similar to incident IBS and IBD cases exclud-

ing the 365-day period. If IBS or IBD case defi nitions were met 

between 1 June 1998, and completion of the fi rst survey for Panel 

1 participants or between 1 June 2001, and completion of the 

fi rst survey for Panel 2 participants, those Cohort members were 

excluded. Participants who self-reported being diagnosed with 

IBD by a medical provider on the baseline survey were considered 

baseline IBD cases and were similarly excluded.

    Antecedent infectious gastroenteritis

  Antecedent infectious gastroenteritis (IGE) data were collected 

from medical encounter records and self-reported post-deploy-

ment health assessments. Only those events occurring between 

completion of the baseline survey and IBS diagnosis or censure 

were considered. Any medical encounter containing a relevant 

ICD-9-CM code for IGE (all 001 subgroups, 003.0, 003.9, all 004 

subgroups, 005.4, all 008.0 subgroups, 008.43, 008.44, 008.47, 

008.49, 008.5, 009.0–009.3, all 005.8 subgroups, 005.9, 006.0–006.2, 

006.9, all 007 subgroups, all 008.6 subgroups, and 008.8) in any 

diagnosis fi eld was defi ned as an IGE episode. In addition, parti-

cipants were deemed to have IGE if they self-reported diarrhea 
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during or aft er deployment on a post-deployment health assess-

ment. Subjects with no medical encounters or self-report of IGE 

were considered to not have IGE.

    Other covariates

  Demographic and military characteristics, including deployment, 

were obtained from Defense Manpower Data Center records. 

Missing Defense Manpower Data Center data were supplemented 

with information from Millennium Cohort surveys when availa-

ble. All behavioral and mental health characteristics were assessed 

using data collected from the Millennium Cohort surveys. Body 

mass index was calculated from self-reported height and weight. 

Never smokers were defi ned as those who had smoked <100 

cigarettes in their lifetime. Among smokers, those who reported 

having successfully quit smoking were defi ned as former smokers, 

and all others were categorized as current smokers. Non-drinkers 

were defi ned as those who reported no drinking in a typical week 

or those who had <12 drinks in the past year. Moderate female 

drinkers reported having between 1 and 7 drinks in a typical week 

(or on average ≤1 drink/day), whereas heavy female drinkers 

reported having >7 drinks in a typical week (or, on average, 

>1 drink/day). Moderate male drinkers reported having between 

1 and 14 drinks in a typical week (or, on average, ≤2 drinks/day), 

whereas heavy male drinkers reported having >14 drinks in a 

typical week (or, on average, >2 drinks/day).

  Survey questions related to life stressors were categorized using 

a modifi ed version of the Holmes–Rahe Social Readjustment Scale 

( 9 ). Stress related to divorce/separation, major fi nancial problems, 

sexual assault, sexual harassment, physical assault, illness or death 

of a loved one, and a disabling illness or injury was assessed at 

baseline (ever experienced) and in each follow-up survey (preced-

ing 3 years). Because only a small number of stressors were avail-

able total number of stressors was counted rather than assigning a 

weight to each.

  Mental health data were collected using standardized survey 

instruments embedded in the Millennium Cohort survey, includ-

ing the Patient Health Questionnaire (PHQ) and the post-trau-

matic stress disorder (PTSD) Checklist-Civilian Version. Using 

defi ned criteria for the PHQ-9 items that constitute the depression 

module, ( 10,11 ) depression was identifi ed if participants reported 

experiencing over the last 2 weeks either a depressed mood (little 

interest or pleasure in doing things) or anhedonia (feeling down, 

depressed, or hopeless), in addition to responding to experiencing 

a total of 5 or more depression items “more than half the days” 

or “nearly every day.” Anxiety was identifi ed by a positive screen 

for either panic syndrome or other anxiety syndrome on the PHQ. 

Panic syndrome was assessed using a 15-item module that asked 

whether the participants had experienced an anxiety attack in 

the last month and what symptoms they may have experienced. 

If participants endorsed all 4 questions regarding anxiety attacks 

and 4 of 11 symptoms listed, they were considered positive for 

panic syndrome. In addition, other anxiety syndromes were iden-

tifi ed using criteria defi ned by the PHQ for a 7-item module; if 

participants endorsed experiencing “feeling nervous, anxious, on 

edge or worrying a lot about diff erent things” in the prior 4 weeks 

and endorsed experiencing 3 or more of the remaining 6 anxiety 

symptoms on “more than half the days”, ( 11–13 ) they were identi-

fi ed as screening positive for anxiety. Th e survey also included a 

question from the PHQ regarding current medication use for anxi-

ety, depression, or stress. PTSD was assessed using the Checklist-

Civilian Version-, a standardized 17-item survey instrument that 

inquires about PTSD symptoms experienced in the past month 

( 14 ). For this study, PTSD was identifi ed using the sensitive cri-

teria, as defi ned by the Diagnostic and Statistical Manual of Men-

tal Disorders, 4th edition, only. All covariates were assessed at the 

time of the most recent survey prior to the censoring date for each 

participant, regardless of data source.

    Time censoring calculations

  For each member of the study population, start time for the 

period of observation was defi ned as the date of completion of 

fi rst survey. Time was censored at the earliest of 5 dates: date of 

IBS diagnosis, date of IBD diagnosis, date of separation from mili-

tary service, date of death, or end of study.

    Statistical analysis

  Survival analyses were performed using the PHREG procedure 

in SAS, Version 9.3 (SAS Institute, Cary, NC) for any IBS and 

highly probable IBS, modeled separately. Th e primary exposure of 

interest, antecedent IGE, was modeled as a time-varying covariate. 

Antecedent IGE was forced into the model, and then forward 

selection was used to add the remaining variables to the model, 

with a  P <0.05 threshold for entry into the model. In addition, 

confounders of the IGE–IBS relationship were included in the 

fi nal model if they changed the IGE parameter estimate by 10% 

or more. Interactions between each covariate in the model and 

the main exposure variable were examined. If an interaction term 

was signifi cant at  P <0.05, Akaike information criterion was used 

to select between models with and without the interaction term. 

If Akaike information criterion diff erence between 2 models 

was >4, the model without an interaction term was selected 

for model parsimony and interpretability ( 15 ). Two methods, 

Martingale residuals and interaction with time, were used to 

assess the proportional hazards assumption. Covariates that 

violated the assumption ( P <0.05) using both methods included 

marital status in any IBS and all source IGE model, and marital 

status along with race/ethnicity in any IBS and medical encounter 

IGE model. A stratifi ed Cox model was used when a violation of 

the proportional hazards assumption was observed. Th ese ana-

lyses were repeated, restricting IGE to only those events identifi ed 

using medical encounter data.

     RESULTS

  Of the 108,129 participants from Panels 1 and 2 who completed 

a baseline questionnaire, 203 were excluded for endorsing every 

provider-based diagnoses on at least 1 survey (pan-endorser). 

Participants were also excluded if they did not meet this study’s 

defi nition of “active duty,” meaning they remained on active 

duty for the duration of the study, separated directly from active 
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duty, or entered the reserves aft er active duty only owing to term 

fulfi llment, leaving 68,203 participants. In addition, Millennium 

Cohort Study participants were excluded because they had not 

completed a follow-up survey ( n =18,999), reporting IBS or IBD 

at baseline ( n =482), having separated from the military before 

completion of their baseline survey ( n =4,341),and missing data 

on covariates of interest ( n =3206).Th is resulted in 41,175 par-

ticipants with 222,081.54 person-years of follow-up available 

for analyses for any IBS and 41,179 participants with 222,634.88 

person-years of follow-up for highly probable IBS (see  Figure 1 ).

  Demographic, military, and behavioral health characteristics of 

cohort members included for any IBS are presented in  Tables 1 

and 2 . Women represented slightly more than a quarter of par-

ticipants, with the majority (66.2%) of participants being of white, 

non-Hispanic race/ethnicity. Smoking history, either former or cur-

rent, was found in ~42%. A majority of subjects (56.3%) reported 

one or more life stressors, whereas relative few reported that they 

were taking medication for a mental health issue (6.9%). Nearly 

60% had one or more deployments. Descriptive characteristics of 

cohort members in the highly probable IBS population had similar 

distributions to cohort members for any IBS (data not shown).

  New-onset IBS was identifi ed in 314 participants, with an 

estimated incidence of 141.39/100,000 person-years, whereas 

the incidence of highly probable IBS was signifi cantly lower at 

108,129 service members completed
baseline surveys from panels 1 and 2

203 excluded for self-reporting on at least 1
survey that they had been diagnosed by a health
care provider with every condition listed

107,926 service members included

Excluded 39,723 who did not meet study
definition of “active duty” (remained on active
duty for the duration of the study, separated
directly from active duty, or entered the
reserves after active duty only due to term
fulfillment)

68,203 active duty participants

Excluded 18,999 with no follow-up survey

49,204 participants who responded to
at least 1 follow-up survey

44,381 participants at risk for IBS

Excluded 3206 from any IBS analyses
for incomplete covariate data

41,175 included in any IBS analyses
(222,081.54 person-years)

41,175 included highly probable IBS
analyses (222,634.88 person-years)

Excluded 3202 from highly probable IBS
analyses for incomplete covariate data

Excluded 4823 for not being at risk for IBS
• 482 had IBS or IBD at baseline
• 4341 separated from the military prior to
  completion of baseline survey

 Figure 1 .     Infl ammatory bowel disease (IBD) and irritable bowel syndrome (IBS) inclusion and exclusion criteria for fi nal study population.
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IBS, the largest eff ect estimate was observed (univariate hazard 

ratio (HR), 3.80; 95% confi dence interval (CI), 1.79–8.08;  Table 3 ). 

Additional univariate analyses are also detailed in  Table 3 . In 

27.40/100,000 person-years for a total of 61 incidence cases. IGE 

was associated with an increased risk of IBS in all models; however, 

when limited to medical encounters for IGE and highly probable 

 Table 1  .     Overall descriptive characteristics of active duty 

Millennium Cohort participants  a   

    Active duty (   N    =41,175)  

     n     %  

  Sex  

  Male  30,023  72.9 

  Female  11,152  27.1 

  Birth year  

  Pre-1960  3621  8.8 

  1960–1969  13,539  32.9 

  1970–1979  15,950  38.7 

  1980-present  8065  19.6 

  Race/ethnicity  

  White, non-Hispanic  27,260  66.2 

  Black, non-Hispanic  5540  13.5 

  Other  8375  20.3 

  Marital status  

  Single  9503  23.1 

  Married  29,070  70.6 

  Divorced/widowed/legally separated  2602  6.3 

  Education  

  Less than a bachelor’s degree  28,790  69.9 

  Bachelor’s degree or higher  12,385  30.1 

  Service branch  

  Army  16,647  40.4 

  Navy/Coast Guard  9171  22.3 

  Marine Corps  2604  6.3 

  Air Force  12,753  30.1 

  Rank  

  Enlisted  30,347  73.7 

  Offi cer  10,828  26.3 

  Occupation  

  Combat specialist  7839  19.0 

  Functional support  8443  20.5 

  Service and supply  3471  8.4 

  Health care  4602  11.2 

  Electrical/mechanical equipment repair  5755  14.0 

  Other  11,065  26.9 

   a   Excludes participants who endorsed every provider-based illness diagnosis on 

at least one survey, and anyone who did not complete at least one follow-up 

survey.  

 Table 2  .     Health risk behaviors, stress and comorbid conditions 

among study participants 

    Active duty (   N    =41,175)  

     n     %  

  Smoking   a   

  Never  23,817  57.9 

  Former  10,411  25.3 

  Current  6947  16.9 

  Alcohol consumption   b   

  Abstainer/light  16,735  40.6 

  Moderate  21,282  51.7 

  Heavy  3158  7.7 

  BMI   c   

  Normal/underweight  13,668  33.2 

  Overweight  21,323  51.8 

  Obese  6184  15.0 

  Number of life stressors   d   

  0  17,590  42.8 

  1  16,222  39.4 

  2  5188  12.6 

  3+  2175  5.2 

  Depression   e   

  Never  39,444  95.8 

  Ever  1731  4.2 

  Anxiety and panic   e   

  Never  39,464  95.8 

  Ever  1711  4.2 

  PTSD    f   

  Never  38,834  94.3 

  Ever  2341  5.7 

  Multiple deployments  

  0  16,737  40.6 

  1  12,268  29.8 

  2+  12,170  29.6 

 BMI, body mass index; PTSD, post-traumatic stress disorder. 

   a   Never=self-reported smoking <100 cigarettes in their lifetime, former=self-

reported successful smoking cessation, current=reported never trying to quit or 

unsuccessful at quitting.  

   b   No/light=self-reported 0 drinks on a typical week, moderate=self-reported 

an average of 1–7 drinks per week for women and 1–14 per week for men, 

heavy=self-reported an average of >7 drinks per week for women and >14 per 

week for men.  

   c   Normal/underweight, <25; overweight, 25–29.9; obese, 30+.  

   d   Assessed using the social readjustment rating scale.  

   e   Assessed using responses to the patient health questionnaire.  

   f   Assessed using responses to the PTSD checklist-civilian version.  
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 Table 3  .     Univariate hazard ratios in the Millennium Cohort, 2001–2009  a   

    Any IBS    Highly probable IBS  

     N     Univariate HR (95% CI)     N     Univariate HR (95% CI)  

 Total  314    61   

  Antecedent IGE, any  

  None  250  Ref  50  Ref 

  Any  64  1.81 (1.36–2.40)  11  1.61 (0.82–3.14) 

  Antecedent IGE, medical encounter  

  None  281  Ref  50  Ref 

  Medical encounter  33  2.87 (1.99–4.13)  8  3.80 (1.79–8.08) 

  Sex  

  Male  148  Ref  31  Ref 

  Female  166  3.29 (2.63–4.10)  30  2.80 (1.70–4.63) 

  Birth year  

  Pre-1960  14  0.66 (0.38–1.15)  6  1.53 (0.62–3.77) 

  1960–1969  113  1.08 (0.84–1.39)  24  1.25 (0.71–2.22) 

  1970–1979  126  Ref  23  Ref 

  1980-present  61  1.38 (1.01–1.87)  8  0.95 (0.42–2.13) 

  Race/ethnicity  

  White non-Hispanic  218  Ref  38  Ref 

  Black non-Hispanic  48  1.05 (0.77–1.44)  13  1.64 (0.87–3.08) 

  Other  48  0.66 (0.48–0.90)  10  0.79 (0.40–1.60) 

  Marital status  

  Single  93  Ref  14  Ref 

  Married  194  0.49 (0.38–0.63)  42  0.72 (0.39–1.32) 

  Divorced/widowed/legally separated  27  0.74 (0.48–1.13)  5  0.92 (0.33–2.57) 

  Education  

  Less than a bachelor’s degree  230  1.42 (1.10–1.82)  40  0.98 (0.58–1.66) 

  Bachelor’s degree or higher  84  Ref  21  Ref 

  Panel  

  2001–2003  234  Ref  53  Ref 

  2004–2006  80  1.47 (1.13–1.91)  8  0.59 (0.28–1.26) 

  Service branch  

  Army  107  0.73 (0.56–0.95)  21  0.76 (0.42–1.38) 

  Navy/Coast Guard  80  1.03 (0.78–1.37)  16  1.09 (0.57–2.08) 

  Marine Corps  11  0.56 (0.3–1.04)  2  0.54 (0.13–2.30) 

  Air Force  116  Ref  22  Ref 

  Rank  

  Enlisted  238  Ref  44  Ref 

  Offi cer  76  1.38 (1.06–1.78)  17  1.13 (0.64–1.98) 

  Occupation  

  Combat specialist  37  Ref  9  Ref 

  Functional support  90  2.25 (1.54–3.30)  20  2.04 (0.93–4.48) 

  Service and supply  29  1.86 (1.15–3.03)  4  1.05 (0.32–3.41) 

  Health care  40  1.84 (1.18–2.87)  7  1.31 (0.49–3.52) 

Table 3 continued on following page
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 Table 3  .     Continued 

    Any IBS    Highly probable IBS  

     N     Univariate HR (95% CI)     N     Univariate HR (95% CI)  

  Electrical/mechanical equipment repair  30  1.21 (0.75–1.96)  10  1.64 (0.67–4.05) 

  Other  88  1.78 (1.21–2.62)  11  0.91 (0.38–2.19) 

  Smoking   b   

  Never  173  Ref  35  Ref 

  Former  81  1.12 (0.86–1.46)  15  1.02 (0.56–1.87) 

  Current  60  1.38 (1.03–1.85)  11  1.24 (0.63–2.44) 

  Alcohol consumption   c   

  No/light  163  Ref  29  Ref 

  Moderate  130  0.59 (0.47–0.75)  31  0.80 (0.48–1.33) 

  Heavy  21  0.76 (0.48–1.20)  1  0.20 (0.03–1.49) 

  BMI   d   

  Normal/underweight  141  Ref  23  Ref 

  Overweight  135  0.56 (0.45–0.72)  26  0.67 (0.38–1.18) 

  Obese  38  0.54 (0.38–0.77)  12  1.05 (0.52–2.12) 

  Number of life stressors   e   

  0  80  Ref  18  Ref 

  1  129  1.93 (1.46–2.55)  23  1.52 (0.82–2.82) 

  2  55  3.29 (2.33–4.64)  7  1.84 (0.77–4.41) 

  3+  50  9.56 (6.70–13.64)  13  10.97 (5.36–22.47) 

  Depression syndrome   f   

  No  289  Ref  54  Ref 

  Yes  25  2.41 (1.60–3.62)  7  3.59 (1.63–7.89) 

  Anxiety syndrome   f   

  No  284  Ref  57  Ref 

  Yes  30  2.86 (1.97–4.17)  4  1.88 (0.68–5.17) 

  PTSD   g   

  No  288  Ref  55  Ref 

  Yes  26  1.77 (1.18–2.64)  6  2.12 (0.91–4.92) 

  Self-reported prescribed medication for mental health  

  No  282  Ref  55  Ref 

  Yes  32  2.17 (1.51–3.13)  6  2.06 (0.89–4.78) 

  Deployments  

  0  159  Ref  41  Ref 

  1  83  0.58 (0.44–0.75)  11  0.30 (0.15–0.58) 

  2+  72  0.45 (0.34–0.60)  9  0.22 (0.11–0.46) 

 BMI, body mass index; IBS, irritable bowel syndrome; IGE, infectious gastroenteritis; PTSD, post-traumatic stress disorder. 

 Note:  N =41,175 and 41,179 for any IBS and highly probably IBS, respectively. 

   a   Excludes subjects who endorsed every provider-based illness diagnosis on any survey, and anyone who did not complete at least 1 follow-up survey.  

   b   Never=self-reported smoking <100 cigarettes in their lifetime, former=self-reported successful smoking cessation, current=self-reported never trying to quit or unsuc-

cessful at quitting.  

   c   No/light=self-reported 0 drinks on a typical week, moderate=self-reported an average of 1–7 drinks per week for women and 1–14 per week for men, heavy=self-reported 

an average of >7 drinks per week for women and >14 per week for men.  

   d   Normal/underweight, <25; overweight, 25–29.9; obese, 30+.  

   e   Assessed using the social readjustment rating scale.  

   f   Assessed using responses to the patient health questionnaire.  

   g   Assessed using responses to the PTSD checklist-civilian version.  



The American Journal of GASTROENTEROLOGY    www.amjgastro.com

100

F
U

N
C

T
IO

N
A

L
 G

I 
D

IS
O

R
D

E
R

S

VOLUME 111 | JANUARY 2016

Riddle  et al. 

general, restricting analysis to the highly probable IBS defi nition 

and/or documented medical encounter IGE demonstrated consist-

ency in the direction of eff ect estimates, although bias toward the 

null or loss of statistical signifi cance due to smaller cell sizes was 

also observed.

  Th e signifi cantly increased risk of IBS associated with ante-

cedent IGE persisted in the adjusted models for all source IGE 

(adjusted HR=2.05; 95% CI, 1.53–2.75) and for medical encoun-

ter IGE (aHR, 2.07; 95% CI,1.44–3.01) ( Table 4 ). Models of highly 

probable IBS showed a similar increased risk following any IGE 

(aHR, 2.20; 95% CI, 1.10–4.43) and medical encounter-based IGE 

(aHR, 2.84; 95% CI, 1.33–6.09). Female gender (aHR=1.96), Army 

service (aHR=0.67), moderate alcohol consumption (aHR=0.68), 

body mass index (overweight: aHR=0.77; obese: aHR=0.67), num-

ber of life stressors (1: aHR=1.82; 2: aHR=2.86; 3+: aHR=6.69), 

anxiety syndrome (aHR=1.74), and number of deployments 

(1: aHR=0.61; 2+: aHR=0.52) remained signifi cant in the adjusted 

Cox model for any IBS and all source IGE, whereas female gender 

(aHR=1.79), 3+ life stressors (aHR=6.80), depression syndrome 

(aHR=2.29), and deployments (1 deployment: aHR=0.29; 2+ 

deployments: aHR=0.22) remained associated when restricting to 

highly probable IBS and all source IGE. Similar HRs for covari-

ates were found when restricting analysis to documented medical 

encounter IGE, with only Army service branch no longer signifi -

cant in the any IBS model.

  In addition to the primary eff ects, interactions between IGE 

and other covariates (e.g., smoking, stress, deployment, anxiety, 

PTSD, and depression) were explored. Consistent interactions 

among highly probable IBS and both IGE exposure categories 

were found for both depression and anxiety. In these inter action 

models, the combination of medical encounter IGE and either 

anxiety or depression and the combination of all source IGE 

and depression resulted in a diff erential risk of highly prob-

able IBS compared with stratifi cation by IGE or mental health 

condition alone, although the numbers were small ( Tables 5 

and 6 ).

    DISCUSSION

  Overall IBS incidence (any IBS defi nition) was estimated at 

141.39 (89.38 male, 293.81 female) per 100,000 person-years 

in this study population, which is lower than 2 previous stud-

ies in civilian populations reporting incidence between 200 and 

260 cases per 100,000 person-years ( 16,17 ). However, our rates 

for women are similar to those reported by Locke  et al.  ( 16 ) for 

similar age strata from Olmsted County, Minnesota. A nested 

case-control study using a Dutch national medical encounter 

data system estimated a 1-year incidence of ~300 per 100,000 

person-years in individuals not reporting an antecedent acute IGE 

episode ( 18 ), which is also higher than our estimated incidence. 

Some possible explanations for our lower rates are the “healthy 

worker eff ect” among active duty military personnel, under-

representation of female gender, and/or potential diff erences 

in health care-seeking behavior of individuals in the military 

compared with civilian populations.

  Consistent with prior studies, we found a 2–3-fold increase 

in IBS risk aft er IGE, with higher eff ect estimates when IBS 

and IGE were more precisely defi ned. Although these point 

estimates are lower than pooled eff ect estimates reported in 

recent systematic reviews, ( 19,20 ) they do support a positive 

association between acute enteric infection and IBS and are 

consistent with individual eff ect estimates recently reported 

in a medical encounter system population-based Dutch study 

(relative risk, 4.85; 95% CI, 2.02–11.63), as well as a study 

among returning UK veterans from Iraq (self-reported IGE: 

odds ratio, 2.59, 95% CI, 1.83–2.67; medical encounter IGE: 

OR, 4.34, 95% CI, 2.55–7.39) ( 18,21 ). It is logical that study 

designs based on medical encounter data may result in lower 

eff ect estimates compared with active surveillance studies 

because of diff erences in non-diff erential misclassifi cation of 

exposure and/or outcomes, as well as population-unique eff ects 

with an active duty healthier population that may be less suscep-

tible to developing IBS.

  Interestingly, this study identifi ed other associations of par-

ticular interest in a military population. A consistently identi-

fi ed increase in IBS risk with PTSD has been described in studies 

of women veterans ( 22,23 ). A recent study by Maguen  et al.  of 

a population of over 600,000 Iraq and Afghanistan war veterans 

found that for both men and women, IBS was three times more 

likely to be present among those with PTSD than those without 

PTSD ( 24 ). Our fi nding of increased risk of incident IBS among 

those with PTSD in univariate analyses is consistent with these 

prior reports. Th ere are biological and psychological explana-

tions that might explain this association, such as the reported 

eff ect of PTSD and depression on systemic infl ammation ( 25 ) 

and abnormalities in brain function, that could aff ect pain per-

ception and awareness of visceral stimuli ( 26 ). However, signifi -

cantly increased risk was not observed in our adjusted model; this 

could be attributed to insuffi  cient power or the use of the most 

proximal survey data to assess PTSD. Additional studies focused 

on PTSD and chronic functional gastrointestinal disorders that 

consider the timing of association, as well as potential common 

pathological pathways are warranted. Another military-specifi c 

association was observed between decreased IBS risk and multi-

ple deployments. Additional measures of deployment (i.e., cumu-

lative time deployed, deployment before Operation Enduring 

Freedom/Operation Iraqi Freedom, self-report of combat expo-

sure while deployed) were assessed in univariate analyses, and the 

same pattern of reduced risk was observed (data not shown). Th is 

may be indicative of a healthy worker eff ect as has been previously 

described ( 27 ). Interestingly, when a more specifi c defi nition of 

IBS (highly probable IBS) was used, this protective eff ect became 

more pronounced.

  As in prior studies, a number of risk factors were found that 

continue to support a biopsychosocial model of disease. As 

described in other studies, we found that the number of life stressor 

events increased the risk of IBS ( 28,29 ). Furthermore, we found 

that self-reported anxiety and depression were independently 

associated with increased risk of IBS (univariate analyses only), 

similar to other studies ( 28,29 ). However, the joint eff ect of these 
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 Table 4  .     Adjusted hazard ratios for the association between IGE  a   and IBS in the Millennium Cohort, 2001–2009  b   

    Any IGE    Medical encounter IGE  

    Any IBS (95% CI)   c   

 (Stratifi ed Cox model)  

  Highly probable IBS 

(95% CI) (Cox PH model)  

  Any IBS (95% CI)   c   

 (Stratifi ed Cox model)  

  Highly probable IBS 

(95% CI) (Cox PH model)  

  Antecedent IGE  

  None  Ref  Ref  Ref  Ref 

  Any  2.05 (1.53–2.75)  2.20 (1.10–4.43)  2.07 (1.44–3.01)  2.84 (1.33–6.09) 

  Sex  

  Male  Ref  Ref  Ref  Ref 

  Female  1.96 (1.53–2.52)  1.79 (1.06–3.03)  2.03 (1.58–2.61)  1.75 (1.04–2.96) 

  Service branch  

  Army  0.67 (0.51–0.87)       

  Navy/Coast Guard  0.99 (0.74–1.32)       

  Marine Corps  0.66 (0.35–1.23)       

  Air Force  Ref       

  Alcohol consumption   d   

  No/light  Ref    Ref   

  Moderate  0.68 (0.54–0.86)    0.69 (0.54–0.87)   

  Heavy  0.68 (0.43–1.08)    0.64 (0.4–1.02)   

  BMI   e   

  Normal/underweight  Ref    Ref   

  Overweight  0.77 (0.61–0.99)    0.78 (0.61–1.00)   

  Obese  0.67 (0.46–0.97)    0.68 (0.47–0.98)   

  Number of life stressors   f   

  0  Ref  Ref  Ref  Ref 

  1  1.82 (1.37–2.41)  1.40 (0.76–2.60)  1.81 (1.37–2.39)  1.41 (0.76–2.61) 

  2  2.86 (2.01–4.06)  1.48 (0.61–3.59)  2.79 (1.96–3.96)  1.49 (0.61–3.60) 

  3+  6.69 (4.59–9.77)  6.80 (3.18–14.53)  6.44 (4.42–9.38)  6.81 (3.19–14.54) 

  Depression syndrome   g   

  No    Ref    Ref 

  Yes    2.29 (1.01–5.19)    2.36 (1.04–5.34) 

  Anxiety syndrome   g   

  No  Ref    Ref   

  Yes  1.74 (1.17–2.58)    1.68 (1.14–2.49)   

  Deployments  

  0  Ref  Ref  Ref  Ref 

  1  0.61 (0.47–0.80)  0.29 (0.15–0.56)  0.64 (0.49–0.84)  0.32 (0.16–0.62) 

  2+  0.52 (0.39–0.70)  0.22 (0.10–0.47)  0.57 (0.43–0.76)  0.26 (0.13–0.55) 

 BMI, body mass index; IBS, irritable bowel syndrome; IGE, infectious gastroenteritis. 

 NOTE.  N =41,175 and 41,179 for any IBS and highly probably IBS, respectively. 

   a   From all sources or from medical encounter data only.  

   b   Excludes subjects who endorsed every provider-based illness diagnosis on any survey, and anyone who did not complete at least 1 follow-up survey.  

   c   Stratifi ed on marriage and race/ethnicity.  

   d   No/light=self-reported 0 drinks on a typical week, moderate=self-reported an average of 1–7 drinks per week for women and 1–14 per week for men, heavy=self-reported 

an average of >7 drinks per week for women and >14 per week for men.  

   e   Normal/underweight, <25; overweight, 25–29.9; obese, 30+.  

   f   Assessed using the social readjustment rating scale.  

   g   Assessed using responses to the patient health questionnaire.  
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conditions, in combination with IGE exposure, resulted in an 

increased IBS risk greater than the risk from either of these expo-

sures alone ( Tables 5 and 6 ). Our understanding of the importance 

of the two-way “cross-talk” between the brain and the gut continues 

to grow, particularly how gut–brain interactions with the microbi-

ome might result in dysbiosis and development of disease in the 

presence of nervous system disturbances. Multiple potential direct 

and indirect pathways exist through which altered gut microbiota 

can modulate the gut–brain axis ( 30 ). Under stressful conditions, 

the hypothalamus–pituitary–adrenal axis regulates cortisol, which 

can alter the immune system, gut permeability, and barrier func-

tion, and result in a change in gut microbiota composition. Th is 

has been described recently in military training settings where 

Singaporean Army rapid response troops were monitored for 

psychological and gastrointestinal symptoms, as well as immuno-

logical and intestinal biomarkers during intensive combat training 

( 31 ). Interestingly, the anticipated increases in stress, anxiety, and 

depression were associated with gastrointestinal symptoms (non-

infectious) and markers of pro-infl ammatory immune activation 

and increased intestinal permeability. Although human partici-

pant studies have shown that risk of functional gastrointestinal 

disorders are associated with psychiatric comorbidities ( 32–34 ), 

it has also been described in animal models where microbiome 

changes (perhaps as a consequence of acute infection) can change 

behavior and brain neurochemistry ( 35 ). Th us, it is quite plausible 

that the combination of acute enteric infection and psychological 

stress interactions could prove to be the pathophysiological basis of 

some chronic gastrointestinal sequelae ( 36,37 ). A relevant mouse 

model, which has independently and concomitantly evaluated 

stress and  Citrobacter rodentium  infection, has been developed and 

provides support for this mechanism ( 38 ). Our emerging under-

standing of these concepts provides a framework to further inves-

tigate gut–brain axis relationships and ultimately identify potential 

solutions for chronic gastroenterological health conditions that 

are being observed among service members who are frequently 

exposed to both infection and stress during training and deploy-

ment situations ( 4,27 ).

  Th is study had several limitations. Data were obtained from 

existing self-report questionnaires; however, the survey instru-

ments used validated questions and were administered consist-

ently ( 39 ). Furthermore, clinical examinations for confi rmation 

of both self-reported symptoms and conditions could not be 

assumed, and ICD-9-CM-based medical encounter data on IGE 

exposure and IBS outcomes are also potentially susceptible to 

error or misclassifi cation. Specifi cally, with respect to our primary 

outcome of IBS, misclassifi cation for an ill-defi ned complex of 

unexplained GI symptoms may have been ascribed without the 

application of Rome criteria. Furthermore, whereas we excluded 

from eligibility those with pre-existing IBD, we did not exclude 

those who may have had other mimic conditions, such as celiac 

disease, tropical sprue, or intestinal malabsorption. It is possible 

that cohort subjects could have had these pre-existing diagnoses 

which were subsequently properly diagnosed or misclassifi ed as 

IBS. However, the clinical incidence of these conditions is very 

low in this population and thus would unlikely have had a large 

bias on our results ( 40,41 ). Because it was necessary to use ICD-

9-CM-based outcome diagnoses contained in medical encounter 

data (IBS is not among the health conditions on the survey), a 

more strict defi nition which required concomitant colonoscopy 

visit codes was used, and the cohort population was limited to 

individuals on active duty who received care at military treat-

ment facilities. Such factors could explain both the relatively low 

IBS incidence and the eff ect estimates. Furthermore, the exclusion 

of those not meeting the active duty defi nition (~37%) may also 

limit generalizability and application of these results to reserve 

and guard populations. Prospective studies using validated and 

active functional gastrointestinal outcome surveillance among 

both deployed and garrison populations, as well reserve and guard 

components would be of value.

 Table 5  .     Interaction between IGE and depression for risk of highly 

probable IBS 

  Any IGE    No IBS    IBS    OR  ( 95% CI)  

 No IGE and no depression  32,611  47  1.00 

 IGE and no depression  6786  7  1.55 (0.62–3.33) 

 No IGE and depression  1324  3  1.18 (0.28–3.30) 

 IGE and depression  397  4  12.93 (3.69–34.77) 

  Medical encounter IGE        

 No IGE and no depression  36,917  49  1.00 

 IGE and no depression  2480  5  1.88 (0.65–4.37) 

 No IGE and depression  1574  4  1.45 (0.43–3.68) 

 IGE and depression  147  3  22.26 (5.30–63.07) 

 CI, confi dence interval; IBS, irritable bowel syndrome; IGE, infectious gastro-

enteritis, OR, odds ratio. 

 Note: both controlled for sex, stress, and deployment. 

 Table 6  .     Interaction between IGE and anxiety for risk of highly 

probable IBS 

  Any IGE    No IBS    IBS    OR  ( 95% CI)  

 No IGE and no anxiety  32,615  49  1.00 

 IGE and no anxiety  6789  8  1.68 (0.71–3.49) 

 No IGE and anxiety  1320  1  0.17 (0.01–0.93) 

 IGE and anxiety  394  3  4.08 (0.86–14.08) 

  Medical encounter IGE        

 No IGE and no anxiety  36,919  52  1.00 

 IGE and no anxiety  2485  5  1.76 (0.61–4.07) 

 No IGE and anxiety  1572  1  0.15 (0.01–0.80) 

 IGE and anxiety  142  3  9.59 (2.13–30.55) 

 CI, confi dence interval; IBS, irritable bowel syndrome; IGE, infectious gastro-

enteritis, OR, odds ratio. 

 Note: both controlled for sex, stress, and deployment. 
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Government”. Title 17 U.S.C. §101 defi nes a United States Govern-

ment work as a work prepared by a military service member or 

employee of the United States Government as part of that person’s 

offi  cial duties.

    HUMAN SUBJECTS RESEARCH 

 Human participants were enrolled in the Millennium Cohort Study 

aft er providing full informed consent. Th e IBS study protocol was 

approved by the institutional review boards at the Uniformed 

Services University of the Health Sciences and the Naval Health 

Research Center (Protocol NHRC.2000.0007). Both studies were 

conducted in compliance with all applicable federal regulations 

governing the protection of human subjects in research.

   

 Study Highlights

   WHAT IS CURRENT KNOWLEDGE 

    ✓     The risk of post-infectious functional bowel disorders 
including IBS is a well-described phenomenon. 

   ✓     Previous studies have described IBS incidence and risk 
factors among the United States military members, 
however, they have lacked information on many important 
confounders, such as life stressors and health behaviors. 

   ✓     Only a few studies exploring the combination of psycho-
logical and acute infection stresses have been reported. 

    WHAT IS NEW HERE 

    ✓     An increased risk of incident IBS among those with PTSD 
compared with those without PTSD was found in univariate 
analyses. 

   ✓     In a highly stressful military population setting, risk of IBS 
was strongly correlated with a number of preceding life 
stressors. 

   ✓     Signifi cant interactions were found to exist between infec-
tious gastroenteritis, depression and anxiety and subse-
quent risk of IBS. 
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