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ABSTRACT 

Background & Aims: Inflammation is a potential mechanism through which diet modulates 

the onset of inflammatory bowel disease. We analyzed data from 3 large prospective cohorts 

to determine the effects of dietary inflammatory potential on the risk of developing Crohn’s 

disease (CD) and ulcerative colitis (UC). 

 

Methods: We collected data from 166,903 women and 41,931 men in the Nurses’ Health 

Study (1984–2014), Nurses’ Health Study II (1991–2015), and Health Professionals 

Follow-up Study (1986–2012). Empirical dietary inflammatory pattern (EDIP) scores were 

calculated based on the weighted sums of 18 food groups obtained via food frequency 

questionnaires. Self-reported CD and UC were confirmed by medical record review. Cox 

proportional hazards models were used to calculate hazard ratios (HRs) and 95% confidence 

intervals (CIs). 

 

Results: We documented 328 cases of CD and 428 cases of UC over 4,949,938 person-years 

of follow up. The median age at IBD diagnosis was 55 years (range 29–85 years). Compared 

with participants in the lowest quartile of cumulative average EDIP score, those in the highest 

quartile (highest dietary inflammatory potential) had a 51% higher risk of CD (HR, 1.51; 

95% CI, 1.10–2.07; Ptrend=.01). Compared to participants with persistently low EDIP scores 

(at 2 time points, separated by 8 years), those with a shift from a low to high inflammatory 

potential of diet or persistently consumed a proinflammatory diet had greater risk of CD (HR, 

2.05; 95% CI, 1.10–3.79 and HR, 1.77; 95% CI, 1.10–2.84). In contrast, dietary inflammatory 

potential was not associated with the risk of developing UC (Ptrend=0.62). 

 

Conclusions: In an analysis of 3 large prospective cohorts, we found dietary patterns with 

high inflammatory potential to be associated with increased risk of CD but not UC.  

 

Keywords: inflammatory bowel disease; food; nutrition; lifestyle factor. 
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INTRODUCTION 

    Inflammatory bowel disease (IBD), comprising Crohn’s disease (CD) and ulcerative 

colitis (UC), affects nearly 2 million individuals in the United States, over 3 million in 

Europe, and thousands more worldwide1. They are characterized by a dysregulated immune 

response to the gut microbiome on a background of genetic susceptibility2. It is increasingly 

recognized that environmental factors play an important role. In support of this is the rising 

incidence of IBD in most regions globally over the past 4 decades in parallel with changing 

diet and lifestyle, and its emergence in regions of the world that have seen a rapid 

westernization3. While a number of environmental factors have been proposed, considerable 

interest has centered on the role of diet, which is supported by the mechanistic plausibility 

of its involvement in intestinal inflammation. Dietary components have been linked to 

maintenance of gut epithelial barrier4, modification of the intestinal immune response5, and 

alteration of microbial composition6, all of which are critical factors in the pathogenesis of 

IBD. 

 

    A number of prospective cohort studies have attempted to characterize the link 

between diet and risk of IBD by leveraging validated measures of diet at a single or multiple 

time points7. However, a limitation of many prior studies has been their focus on single 

macro- or micronutrients. As dietary intake involves complex interactions between different 
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foods and nutrients, analyses restricted to individual components may fail to capture the 

inter-relatedness of food groups and lead to residual confounding8. Although previous 

publications have examined whether specific dietary patterns may trigger or protect against 

the onset of CD or UC9–11, these prior studies of dietary patterns have focused on the 

co-clustering of different food groups in diet rather than using a hypothesis-oriented dietary 

pattern, designed to optimize dietary determinants of inflammation.  

 

    To elucidate the role of dietary inflammatory potential in the development of IBD, we 

examined the association between an empirical dietary inflammatory pattern (EDIP) score, 

systematically derived by weighting food groups based on their relationship with circulating 

markers of inflammation, and the risk of incident CD and UC in 3 large prospective cohorts. 

We also aimed to examine change in dietary inflammatory potential and risk of IBD to 

establish diet as a crucial modifiable factor in IBD prevention. 

 

METHODS 

Study population 

    The study included data from 3 ongoing prospective cohorts in the United States. 

Briefly, the Nurses’ Health Study (NHS) recruited 121,700 female registered nurses aged 30 

to 55 years at baseline in 197612. The NHS II, established in 1989, enrolled 116,429 female 
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nurses between the ages of 25 and 42 years. The Health Professionals Follow-up Study 

(HPFS) enrolled 51,529 male health professionals between the ages of 40 and 75 years in 

198613. In all 3 cohorts, questionnaires were mailed to participants at enrollment and every 

2 years thereafter to obtain information on various lifestyle factors and medical history. Diet 

was assessed using validated semi-quantitative food frequency questionnaires (FFQs) 

beginning in 1980, 1991, and 1986 in the NHS, the NHS II, and the HPFS, respectively, and 

updated every 2 to 4 years. The study protocol was approved by the Institutional Review 

Boards of the Brigham and Women's Hospital and the Harvard T.H. Chan School of Public 

Health. 

 

Assessment of empirical dietary inflammatory pattern score 

    The development of EDIP score has been described in detail previously14. Briefly, in 

the NHS, investigators applied reduced rank regression models and stepwise linear 

regression analysis and identified from 39 pre-defined food groups a dietary pattern most 

predictive of 3 plasma inflammatory biomarkers: interleukin-6 (IL-6), C-reactive protein 

(CRP), and tumor necrosis factor-α (TNF-α) receptor 2 (TNFαR2). The EDIP score is the 

weighted sum of 18 food groups, with higher scores indicating proinflammatory diets and 

lower scores indicating anti-inflammatory diets. The detailed composition of the food group 

components is presented in Supplementary Table 1. The score has been validated in the 
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NHS II, the HPFS14,15, and the multi-ethnic Women’s Health Initiative16 in which it has 

shown consistent correlation with plasma levels of IL-6, CRP, TNFαR2, and adiponectin. 

We calculated the EDIP score for each participant based on FFQ data in each questionnaire 

cycle17,18 and adjusted for total energy intake using the residual method19. The cumulative 

average EDIP score in each questionnaire cycle was computed by averaging EDIP scores in 

all prior cycles up to the latest to best represent habitual long-term dietary intake and reduce 

within-person variation.  

 

Ascertainment of inflammatory bowel disease diagnosis 

    We have previously detailed our methods for defining cases of CD and UC20. In brief, 

participants self-reported a diagnosis of CD or UC in biennial questionnaires. We obtained 

permission for review of medical records from those who reported ever having been 

diagnosed with CD or UC. A detailed supplemental questionnaire was sent to these 

participants inquiring type of IBD, date of diagnosis, disease complications, and treatment. 

Two board-certified gastroenterologists (H.K., A.N.A., K.E.B., P.L., J.M.R.) blinded to 

exposure and outcome reviewed the records independently. A diagnosis of CD or UC was 

made based on accepted clinical criteria incorporating symptoms, endoscopic, histologic, 

radiographic, or operative findings21,22. Disagreements on case definition were infrequent 

and resolved through consensus. 
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Assessment of covariates 

    In the baseline and biennial follow-up questionnaires, we assessed IBD risk factors 

including race, smoking, body mass index (BMI), physical activity, and use of medication 

including nonsteroidal anti-inflammatory drug (NSAID), oral contraceptive pill, and 

hormone replacement therapy23. BMI was calculated as weight in kilograms divided by the 

square of height in meters (kg/m2). Physical activity was measured by multiplying the 

typical intensity expressed in metabolic equivalent of task (MET) by the reported hours 

spent per week. Intake of calorie, total fiber, fatty acids, and red meat was assessed using 

validated semi-quantitative FFQ every 2 to 4 years17,18. 

 

Statistical analysis 

    Person-years were calculated from the date of return of the baseline questionnaire 

(1984 in the NHS; 1991 in the NHS II; 1986 in the HPFS) to the date of diagnosis of CD or 

UC, death, or the end of follow-up (June 1, 2014 for the NHS; June 1, 2015 for the NHS II; 

June 1, 2012 for the HPFS), whichever occurred first. We excluded participants who had 

been diagnosed with CD, UC, or cancer (except for non-melanoma skin cancer) or reported 

implausible energy intake (< 600 or > 3,500 kcal/d for women; < 800 or > 4,200 kcal/d for 

men) at the start of follow-up. Given that CD was not inquired before the 1996 
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questionnaire in the HPFS, we also excluded HPFS participants who did not return 

questionnaires after 1994. Cox proportional hazards models stratified by age (continuous, 

month), cohort (NHS, NHS II, HPFS), and time period (in 2-year intervals) were used to 

estimate the age-adjusted and multivariable-adjusted hazard ratios (HRs) and 95% 

confidence intervals (CIs).  

All multivariable models were adjusted for race (Southern European/Mediterranean, 

Scandinavian, other Caucasian, other races), smoking (never smoker, past smoker, current 

smoker), BMI (< 18.5, 18.5-24.9, 25-29.9, ≥ 30 kg/m2), physical activity (in quintiles, 

MET-hr/wk), regular NSAID use (no, yes), oral contraceptive pill (never user/men, ever 

user), and hormonal replacement therapy (premenopausal, postmenopausal never user/men, 

postmenopausal past user, postmenopausal current user). 

 

    For our primary analysis examining proinflammatory diet and risk of CD and UC, we 

modeled our main exposure–EDIP score–as quartiles of cumulative average score since 

baseline. Separately, we also examined the association with recent (within 4 years prior to 

the current follow-up cycle) and baseline (at study entry) EDIP scores by using dietary data 

from the respective questionnaire cycles. Tests for linear trend were conducted by modeling 

EDIP score as a continuous variable in the regression models. In a subgroup analysis, we 

examined the risk of CD by location according to the Montréal classification24. CD was 
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grouped into ileal CD, colonic CD, and ileocolonic CD. 

 

We then examined the impact of dynamic variation in dietary inflammatory potential. 

As there were fewer cases within each combination of quartiles for robust statistical power, 

we categorized participants according to tertiles of their EDIP scores at baseline and from 

the FFQ 8 years later. Classifying participants into low (first tertile), moderate (second 

tertile) or high EDIP score (third tertile) at each of these 2 time points yielded 9 distinct 

patterns of dietary inflammatory potential (low-low, low-moderate, low-high, moderate-low, 

moderate-moderate, moderate-high, high-low, high-moderate, high-high). We then 

examined the association of these patterns with the risk of CD and UC by using participants 

who persistently consumed a diet with low inflammatory potential (low-low) as the 

reference group. In this analysis, we excluded cases who were diagnosed in the intervening 

8-year period. 

 

    In a sensitivity analysis, we considered the potential modification of diet by 

development of symptoms prior to the formal diagnosis of disease and conducted a lag 

analysis in which we used exposure information derived at least 2 questionnaire cycles 

before a follow-up interval25,26. To ensure the independence of our associations from the 

cohort of derivation of the EDIP score (the NHS), we repeated the analysis separately for 
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the NHS II and the HPFS. We also excluded cases diagnosed over the age of 60 to identify 

whether the associations were age-specific. We conducted all analyses using the SAS 

software (SAS Institute, Inc., Version 9.4, Cary, NC). All statistical analyses were two-sided 

with a P-value less than 0.05 indicating statistical significance. 

 

RESULTS 

    Our study included 166,903 women and 41,931 men contributing to 4,949,938 

person-years of follow-up. Among these participants, there were 328 cases of CD and 428 

cases of UC, yielding crude incidence rate of 6.6 and 8.6/100,000 person-years, respectively. 

The median age of diagnosis was 55 years (range 29-85 years). The age- and 

cohort-standardized basic characteristics according to quartiles of cumulative average EDIP 

score are summarized in Table 1. Those with higher EDIP score were more likely to have 

higher BMI and lower physical activity. For dietary factors, a proinflammatory diet was 

associated with higher intakes of calories and red meat, and lower total fiber intake. 

 

    Table 2 presents the association between cumulative average EDIP score and risk of 

CD and UC. Compared to participants in the lowest quartile of cumulative average EDIP 

score (CD incidence 5.8/100,000 person-years), those in the highest quartile had 51% 

higher risk of CD (HR 1.51; 95% CI 1.10-2.07; Ptrend 0.01) (incidence 8.7/100,000 
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person-years). A similar increase in risk of CD was observed in those in the highest quartile 

of recent (HR 1.49; 95% CI 1.07-2.06; Ptrend 0.03) (Table 3) or baseline EDIP scores (HR 

1.45; 95% CI 1.06-2.00; Ptrend 0.004) (Table 4) when compared to the respective lowest 

quartiles. To examine if these associations were mediated solely by dietary fiber, we 

additionally adjusted for fiber intake and found no material difference in our risk estimates, 

suggesting that differential fiber intake is unlikely to be the explanation for these 

associations. In a subgroup analysis by location of CD according to the Montréal 

classification (Figure 1 &  Supplementary Table 2), we observed a stronger association 

between proinflammatory diet and ileal CD (HRQ4 vs Q1 1.85; 95% CI 1.01-3.37; Ptrend 0.03) 

compared to colonic CD (HRQ4 vs Q1 1.27; 95% CI 0.80-2.00; Ptrend 0.54) and ileocolonic CD 

(HRQ4 vs Q1 1.28; 95% CI 0.71-2.29; Ptrend 0.18). 

 

    In contrast to the findings in CD, no association was observed for UC (all P > 0.05) 

(Tables 2-4). Compared to participants in the lowest quartile of cumulative average EDIP 

score (incidence 8.3/100,000 person-years), those in the highest quartile had a similar risk 

of incident UC (HRQ4 vs Q1 1.10; 95% CI 0.83-1.46; Ptrend 0.44) (incidence 9.3/100,000 

person-years).  

 

    We then examined the change in EDIP score from baseline to 8 years into the study 
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(Figure 2). Compared to participants with persistently low EDIP score at both time points, 

those who changed to a proinflammatory diet 8 years after baseline had a 2-fold increase in 

the risk of incident CD (HR 2.05; 95% CI 1.10-3.79). Despite numerically similar estimates, 

participants who changed from a high to a low dietary inflammatory potential (high-low) 

had a risk of CD statistically similar to the low-low group (HR 1.51; 95% CI 0.76-3.00), 

while those with persistently high EDIP scores (high-high) had a significantly elevated risk 

(HR 1.77; 95% CI 1.10-2.84). No association with change in EDIP score was found for risk 

of UC (all P > 0.05). 

 

    We also considered the possibility that symptoms of CD and UC may precede a formal 

diagnosis by several months, thereby influencing dietary intake. Using dietary assessment 

derived at least 4 years prior to the 2-year follow-up intervals in a lag analysis, we observed 

similar positive association between cumulative average EDIP score and CD (HRQ4 vs Q1 

1.51; 95% CI 1.08-2.12; Ptrend 0.005). In a sensitivity analysis, we found similar directions 

and magnitude of effect in the NHS II (HRQ4 vs Q1 1.40; 95% CI 0.86-2.29) and the HPFS 

(HRQ4 vs Q1 3.19; 95% CI 1.08-9.41), demonstrating the independence of findings from the 

cohort of derivation of the EDIP. Excluding cases diagnosed over the age of 60 years 

revealed a similar association between cumulative average EDIP score and risk of CD 

(HRQ4 vs Q1 1.44; 95% CI 1.01-2.07; Ptrend 0.04). 
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DISCUSSION 

    The global emergence of CD and UC has highlighted the role of changing 

environmental factors, in particular diet, on disease development. Using 3 large prospective 

cohorts of women and men and an intentionally-derived dietary pattern based on association 

with circulating inflammatory markers, we found that women and men who consumed diets 

with high inflammatory potential had increased risk of developing CD but not UC. Shift 

from a low to high inflammatory potential of diet and a persistently proinflammatory diet 

were both associated with greater risk of CD when compared to a diet with constantly low 

inflammatory potential. These findings suggest a dynamic and cumulative effect of 

inflammatory potential of diet on the pathogenesis of CD.  

 

    Prior studies have investigated the association between certain dietary patterns and 

development of CD and UC9–11,27. Dietary patterns resembling the Western diet–

characterized by higher intake of red meat, high-fat dairy, and refined grains–have been 

proposed to trigger the onset of intestinal inflammation by inducing changes in gut 

microbiome, altering host homeostasis and regulating T-cell immune response28,29. An 

analysis of a prospective cohort found that individuals who consumed a diet high in sugar 

and soft drinks and low in vegetables had a higher risk of UC but not CD10. In a 
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case-control analysis, D’Souza et al.11 applied factor analyses and identified 4 sex-specific 

dietary patterns, among which a diet high in consumption of meats, fatty foods, and desserts, 

resembling the Western dietary pattern, conferred increased risk for developing CD among 

girls. In contrast, diets rich in fruit, vegetables, legumes, whole grains, fish, and poultry–

resembling a more prudent and Mediterranean dietary pattern with high fiber and marine 

ω-3 content–may have anti-inflammatory effects. A case-control11 and 2 cohort studies9,27 

found that consumption of these diets is associated with lower risk of CD. A limitation of 

the above studies is that diet was assessed at a single time point (thereby precluding effect 

of changing diet) and the association of change in diet could not be assessed. In addition, 

most of the studied dietary patterns were derived based on co-clustering of different food 

groups rather than based on the associations of foods with inflammatory markers. Here, by 

identifying a combination of food groups predictive of circulating markers of inflammation, 

we provide a more robust evidence base behind the association of these foods with 

inflammation and IBD.  

 

Proinflammatory and anti-inflammatory food groups among the components of EDIP 

score have been variably associated previously with either CD or UC26,30–37. The most 

robust evidence lies in the association with fiber-rich foods. Both case-control36 and 

prospective cohort studies26 have suggested that diets rich in fruit and vegetables are 
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inversely associated with CD. This is mechanistically supported by experimental evidence38. 

High fiber intake from fruit and vegetables is associated with increase in the production of 

short-chain fatty acids (SCFAs) such as butyrate which modulate intestinal inflammation 

through several mechanisms, including suppressing the lipopolysaccharide- and 

cytokine-stimulated production of proinflammatory mediators, inhibiting expression of 

adhesion molecules, and reducing the production of chemokines by neutrophils and 

macrophages38. Fiber may contribute to maintenance of epithelial barrier integrity by 

reducing translocation of intestinal pathogens across Peyer’s patches and colonic lymphoid 

follicles39,40. Furthermore, cruciferous vegetables contain natural ligands for aryl 

hydrocarbon receptor, a transcription factor whose expression has been inversely associated 

with intestinal inflammation41. The association of EDIP score with risk of CD, however, 

does not appear to be mediated solely by dietary fiber since in our study, the association 

remained unchanged upon additional adjustment for fiber intake. While alcohol intake itself 

has not been robustly associated with IBD, a number of in vitro42 and animal studies43 have 

demonstrated an anti-inflammatory property of resveratrol, a natural (poly) phenol found in 

red wine. There are likely a variety of mechanisms behind the beneficial effects of 

resveratrol, including inhibition of NF-κB activation, decreased cyclooxygenase-2 

expression, prostaglandin (PG) E2, PGD2 levels and neutrophil infiltration, reduction of 

proinflammatory cytokines (e.g., TNF-α), and attenuation of reactive species production44. 
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The potential role of this antioxidant was supported by a prospective cohort study45 which 

demonstrated an inverse association between resveratrol intake and CD. Interestingly, and 

perhaps counter to its position as a calorie-dense processed food, in the derivation of the 

EDIP score, pizza intake demonstrated a significant inverse association with inflammatory 

markers. One potential explanation for this is the abundance of bioavailable lycopene in 

cooked tomato paste compared to uncooked fresh tomatoes. Lycopene is an unsaturated 

carotenoid with antioxidant and anti-inflammatory properties46. Its absorption may be 

facilitated by its lipophilic character and the high levels of fat in pizza, thereby rendering 

pizza as having strong anti-inflammatory potential. 

 

In contrast to food groups with anti-inflammatory properties, food groups that are 

positively associated with EDIP score are characterized by calorie-dense foods high in 

animal proteins, saturated fats, and glycemic carbohydrates, such as red meat, refined grain, 

and high-energy soft drinks14. Plausible explanations of red meat’s role in gut inflammation 

include the generation of potentially toxic substances such as ammonia, amines, N-nitroso 

compounds, phenols, cresols, and hydrogen sulfide from high consumption of amino acids 

and heme contained in red meat products47. Increased dietary heme intake may also form 

reactive oxygen species and cause colonic epithelial damage and DNA strand breaks48. 

However, contrary to our findings, epidemiologic studies have mostly demonstrated an 
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association between red meat intake and UC49. In addition, patients with CD have an 

abnormal expression of carcinoembryonic antigen-related cell adhesion molecule 

(CEACAM) 6, a receptor for adherent-invasive Escherichia coli (AIEC), in the ileal 

epithelium50. Martinez-Medina et al.29 showed that a diet high in fat and sugar alters the 

composition of intestinal microbiota and host homeostasis (e.g., increased intestinal 

permeability and TNF-α secretion) in CEACAM10 transgenic mice, leading to a higher 

ability of AIEC to colonize the gut mucosa and induce inflammation. 

 

Our findings also shed light on the dynamic interplay between diet and disease risk. 

When we examined diet at 2 different time points in relation to future risk of disease, we 

noted that even among those who consumed a baseline diet with low inflammatory potential, 

modification to a proinflammatory diet was associated with a significant increase in disease 

risk. Furthermore, participants who persistently consumed a proinflammatory diet remained 

at a higher risk for CD, while the risk for those who switched to a diet with low 

inflammatory potential were no longer statistically different from that of those whose EDIP 

scores remained low at both time points. Together, our results demonstrated that dietary 

changes dynamically alter subsequent disease risk, thereby rendering dietary modification 

an attractive intervention for disease prevention. 
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    A few hypotheses may explain the exclusive association of EDIP with CD. First, diet 

may be more relevant and have a stronger effect biologically in CD compared to UC. Most 

prior epidemiologic studies on dietary risk factors have identified associations with CD but 

not UC (except for ω-3/ω-6 polyunsaturated fatty acids [PUFAs])9,11,27. Dietary intervention 

studies such as exclusive enteral nutrition (EEN) have demonstrated efficacy in CD with no 

rigorous studies in UC51,52. Second, exposure to luminal content (microbiome or metabolites) 

may be more pertinent in CD. Fecal diversion is often more effective in resolving 

inflammation in CD53. In contrast, systemic factors (immunologic or epithelial barrier 

defects) may play a greater role in UC54. Third, dietary factors more relevant to UC such as 

ω-3 and ω-6 PUFAs were not found to be associated with systemic inflammatory markers in 

our cohorts and consequently not factored into the calculation of EDIP score. Finally, the 

difference in findings may reflect a specificity of effect of dietary ligands and metabolites 

on the small intestine rather the colon. This may also potentially explain the stronger 

association with ileal CD compared to colonic CD. While the exact mechanisms of ileal 

compared to colonic involvement in CD remains to be robustly determined, studies have 

demonstrated that differences in genetic variants or microbial composition may confer this 

location specificity55,56. Indeed, depletion of butyrate producers such as Faecalibacterium 

prauznitzii or increased abundance of Escherichia coli are more notable in ileal CD 

compared to colonic CD, suggesting perhaps a stronger diet-microbiome-phenotype link for 
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this location57,58. Few studies examined whether disease location influences response to 

dietary therapy, though the evidence is conflicting. While 2 studies suggested that there is 

poorer response to EEN in isolated colonic CD when compared to CD with small bowel 

involvement59,60, one study found no such difference61. A meta-analysis concluded that there 

was insufficient data to evaluate the effectiveness of EEN based on disease location62. It 

must also be acknowledged that most studies of successful dietary therapies for treatment of 

IBD have been in children51,52,59,63. 

 

    There are several strengths to our study. First, we prospectively collected detailed 

information on dietary exposure at several time points using validated FFQs. This 

minimizes the potential for recall bias as noted in case-control studies. Second, our cases 

were confirmed through detailed medial record review. Third, the detailed data on numerous 

exposures allowed us to adjust for multiple confounding factors. Fourth, the EDIP score 

characterizes the inflammatory potential of diet by predicting levels of circulating 

inflammatory markers14. Given that inflammation is a pivotal pathway through which diet 

modifies the risk of chronic diseases as well as a central characteristic of IBD, this score 

serves as a useful tool to elucidate the diet-disease relationship from a mechanistic 

perspective. 

 



21 
 

    We acknowledge several limitations as well. First, self-reported dietary and lifestyle 

data are subject to measurement error. However, prior studies evaluating the relative validity 

of FFQ data have shown good correlations between FFQs and diet records17,18, suggesting 

that dietary intake is generally well-measured and suited for large prospective studies. 

Second, we cannot exclude the possibility of unmeasured or residual confounding due to the 

observational nature of our study. Third, the median age of IBD diagnosis is higher than 

other population-based cohorts, which is in part due to the long follow-up of these studies 

that allowed new diagnoses to be captured well into the seventh and eighth decades of life. 

However, women were eligible for enrollment in the NHS and the NHS II beginning at age 

30 and 25 years, respectively, and thus we were able to capture younger-onset disease as 

well. In addition, studies have not identified environmental factors to be different between 

younger-onset and older-onset IBD and many of our previously described associations have 

been replicated in pediatric populations. Furthermore, our findings were unchanged after 

excluding those diagnosed after age 60 years. Last, our study participants were mostly white 

health professionals. Although studies of dietary risk factors have not revealed a strong 

ethnicity-specific association, extrapolating our findings to individuals of other ethnicity 

should be performed with caution. 

 

    In conclusion, we demonstrate that consumption of diets with high inflammatory 
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potential is associated with an increased risk of developing CD. Our findings support the 

importance of diet in modulating intestinal inflammation and IBD risk. Strategies to 

mitigate chronic inflammation through avoidance or reduced intake of proinflammatory 

foods may be considered for disease prevention. 

 

ACKNOWLEDGEMENTS 

We would like to thank the participants and staff of the Nurses’ Health Study, the 

Nurses’ Health Study II, and the Health Professionals Follow-up Study for their valuable 

contributions as well as the following state cancer registries for their help: AL, AZ, AR, CA, 

CO, CT, DE, FL, GA, ID, IL, IN, IA, KY, LA, ME, MD, MA, MI, NE, NH, NJ, NY, NC, 

ND, OH, OK, OR, PA, RI, SC, TN, TX, VA, WA, WY. The authors assume full 

responsibility for analyses and interpretation of these data. 

  



23 
 

REFERENCES 

1.  Loftus EV. Clinical epidemiology of inflammatory bowel disease: incidence, 

prevalence, and environmental influences. Gastroenterology 2004;126:1504–1517. 

2.  Abraham C, Cho JH. Inflammatory bowel disease. N Engl J Med 2009;361:2066–

2078. 

3.  Ananthakrishnan AN. Epidemiology and risk factors for IBD. Nat Rev Gastroenterol 

Hepatol 2015;12:205–217. 

4.  Desai MS, Seekatz AM, Koropatkin NM, et al. A dietary fiber-deprived gut microbiota 

degrades the colonic mucus barrier and enhances pathogen susceptibility. Cell 

2016;167:1339-1353.e21. 

5.  Lomer MCE, Thompson RPH, Powell JJ. Fine and ultrafine particles of the diet: 

influence on the mucosal immune response and association with Crohn’s disease. Proc 

Nutr Soc 2002;61:123–130. 

6.  Maslowski KM, Mackay CR. Diet, gut microbiota and immune responses. Nat 

Immunol 2011;12:5–9. 

7.  Khalili H, Chan SSM, Lochhead P, et al. The role of diet in the aetiopathogenesis of 

inflammatory bowel disease. Nat Rev Gastroenterol Hepatol 2018;15:525–535. 

8.  Kant AK, Schatzkin A, Block G, et al. Food group intake patterns and associated 

nutrient profiles of the US population. J Am Diet Assoc 1991;91:1532–1537. 

9.  Ananthakrishnan AN, Khalili H, Song M, et al. High school diet and risk of Crohnʼs 

disease and ulcerative colitis. Inflammatory Bowel Diseases 2015:1. 

10.  Racine A, Carbonnel F, Chan SSM, et al. Dietary patterns and risk of inflammatory 

bowel disease in Europe: results from the EPIC study. Inflammatory Bowel Diseases 

2016;22:345–354. 

11.  D’Souza S, Levy E, Mack D, et al. Dietary patterns and risk for Crohn’s disease in 

children. Inflamm Bowel Dis 2008;14:367–373. 

12.  Colditz GA, Manson JE, Hankinson SE. The Nurses’ Health Study: 20-year 

contribution to the understanding of health among women. Journal of Women’s Health 

1997;6:49–62. 



24 
 

13.  Rimm EB, Giovannucci EL, Willett WC, et al. Prospective study of alcohol 

consumption and risk of coronary disease in men. The Lancet 1991;338:464–468. 

14.  Tabung FK, Smith-Warner SA, Chavarro JE, et al. Development and validation of an 

empirical dietary inflammatory index. J Nutr 2016;146:1560–1570. 

15.  Tabung FK, Smith-Warner SA, Chavarro JE, et al. An empirical dietary inflammatory 

pattern score enhances prediction of circulating inflammatory biomarkers in adults. J 

Nutr 2017;147:1567–1577. 

16.  Tabung FK, Giovannucci EL, Giulianini F, et al. An empirical dietary inflammatory 

pattern score is associated with circulating inflammatory biomarkers in a multi-ethnic 

population of postmenopausal women in the United States. The Journal of Nutrition 

2018;148:771–780. 

17.  Willett WC, Sampson L, Browne ML, et al. The use of a self-administered 

questionnaire to assess diet four years in the past. American Journal of Epidemiology 

1988;127:188–199. 

18.  Feskanich D, Rimm EB, Giovannucci EL, et al. Reproducibility and validity of food 

intake measurements from a semiquantitative food frequency questionnaire. Journal of 

the American Dietetic Association 1993;93:790–796. 

19.  Willett WC, Howe GR, Kushi LH. Adjustment for total energy intake in epidemiologic 

studies. The American Journal of Clinical Nutrition 1997;65:1220S-1228S. 

20.  Khalili H, Huang ES, Ananthakrishnan AN, et al. Geographical variation and 

incidence of inflammatory bowel disease among US women. Gut 2012;61:1686–1692. 

21.  Ordás I, Eckmann L, Talamini M, et al. Ulcerative colitis. Lancet 2012;380:1606–

1619. 

22.  Baumgart DC, Sandborn WJ. Crohn’s disease. Lancet 2012;380:1590–1605. 

23.  Lo C-H, Khalili H, Song M, et al. Healthy lifestyle is associated with reduced 

mortality in patients with inflammatory bowel diseases. Clinical Gastroenterology and 

Hepatology 2020:S1542356520302664. 

24.  Satsangi J. The Montreal classification of inflammatory bowel disease: controversies, 

consensus, and implications. Gut 2006;55:749–753. 

25.  Ananthakrishnan AN, Khalili H, Konijeti GG, et al. Long-term intake of dietary fat 



25 
 

and risk of ulcerative colitis and Crohn’s disease. Gut 2014;63:776–784. 

26.  Ananthakrishnan AN, Khalili H, Konijeti GG, et al. A prospective study of long-term 

intake of dietary fiber and risk of Crohn’s disease and ulcerative colitis. 

Gastroenterology 2013;145:970–977. 

27.  Khalili H, Håkansson N, Chan SS, et al. Adherence to a Mediterranean diet is 

associated with a lower risk of later-onset Crohn’s disease: results from two large 

prospective cohort studies. Gut 2020:gutjnl-2019-319505. 

28.  Manzel A, Muller DN, Hafler DA, et al. Role of “Western diet” in inflammatory 

autoimmune diseases. Curr Allergy Asthma Rep 2014;14:404. 

29.  Martinez-Medina M, Denizot J, Dreux N, et al. Western diet induces dysbiosis with 

increased E coli in CEABAC10 mice, alters host barrier function favouring AIEC 

colonisation. Gut 2014;63:116–124. 

30.  Russel MG, Engels LG, Muris JW, et al. Modern life’ in the epidemiology of 

inflammatory bowel disease: a case-control study with special emphasis on nutritional 

factors. Eur J Gastroenterol Hepatol 1998;10:243–249. 

31.  Jakobsen C, Paerregaard A, Munkholm P, et al. Environmental factors and risk of 

developing paediatric inflammatory bowel disease — a population based study 2007–

2009. Journal of Crohn’s and Colitis 2013;7:79–88. 

32.  Persson P-G, Ahlbom A, Hellers G. Diet and inflammatory bowel disease: a 

case-control study. Epidemiology 1992;3:47–52. 

33.  Reif S, Klein I, Lubin F, et al. Pre-illness dietary factors in inflammatory bowel 

disease. Gut 1997;40:754–760. 

34.  Ng SC, Tang W, Leong RW, et al. Environmental risk factors in inflammatory bowel 

disease: a population-based case-control study in Asia-Pacific. Gut 2015;64:1063–

1071. 

35.  Wang Y-F. Multicenter case-control study of the risk factors for ulcerative colitis in 

China. WJG 2013;19:1827. 

36.  Amre DK, D’Souza S, Morgan K, et al. Imbalances in dietary consumption of fatty 

acids, vegetables, and fruits are associated with risk for Crohn’s disease in children. 

Am J Gastroenterology 2007;102:2016–2025. 



26 
 

37.  Li F, Liu X, Wang W, et al. Consumption of vegetables and fruit and the risk of 

inflammatory bowel disease: a meta-analysis. European Journal of Gastroenterology & 

Hepatology 2015;27:623–630. 

38.  Vinolo MAR, Rodrigues HG, Nachbar RT, et al. Regulation of inflammation by short 

chain fatty acids. Nutrients 2011;3:858–876. 

39.  Roberts CL, Keita AV, Duncan SH, et al. Translocation of Crohn’s disease Escherichia 

coli across M-cells: contrasting effects of soluble plant fibres and emulsifiers. Gut 

2010;59:1331–1339. 

40.  Roberts CL, Keita AV, Parsons BN, et al. Soluble plantain fibre blocks adhesion and 

M-cell translocation of intestinal pathogens. J Nutr Biochem 2013;24:97–103. 

41.  Monteleone I, Rizzo A, Sarra M, et al. Aryl hydrocarbon receptor-induced signals 

up-regulate IL-22 production and inhibit inflammation in the gastrointestinal tract. 

Gastroenterology 2011;141:237-248.e1. 

42.  Cianciulli A, Calvello R, Cavallo P, et al. Modulation of NF-κB activation by 

resveratrol in LPS treated human intestinal cells results in downregulation of PGE2 

production and COX-2 expression. Toxicology in Vitro 2012;26:1122–1128. 

43.  Martín AR, Villegas I, Sánchez-Hidalgo M, et al. The effects of resveratrol, a 

phytoalexin derived from red wines, on chronic inflammation induced in an 

experimentally induced colitis model. British Journal of Pharmacology 2006;147:873–

885. 

44.  Nunes S, Danesi F, Del Rio D, et al. Resveratrol and inflammatory bowel disease: the 

evidence so far. Nutr Res Rev 2018;31:85–97. 

45.  Lu Y, Zamora-Ros R, Chan S, et al. Dietary polyphenols in the aetiology of Crohnʼs 

disease and ulcerative colitis—a multicenter European prospective cohort study 

(EPIC). Inflammatory Bowel Diseases 2017;23:2072–2082. 

46.  Marcotorchino J, Romier B, Gouranton E, et al. Lycopene attenuates LPS-induced 

TNF-α secretion in macrophages and inflammatory markers in adipocytes exposed to 

macrophage-conditioned media. Mol Nutr Food Res 2012;56:725–732. 

47.  Geypens B, Claus D, Evenepoel P, et al. Influence of dietary protein supplements on 

the formation of bacterial metabolites in the colon. Gut 1997;41:70–76. 

48.  Sesink AL, Termont DS, Kleibeuker JH, et al. Red meat and colon cancer: the 



27 
 

cytotoxic and hyperproliferative effects of dietary heme. Cancer Res 1999;59:5704–

5709. 

49.  Khalili H, Silva PS de, Ananthakrishnan AN, et al. Dietary iron and heme iron 

consumption, genetic susceptibility, and risk of Crohn̓ s disease and ulcerative colitis. 

Inflammatory Bowel Diseases 2017;23:1088–1095. 

50.  Barnich N, Carvalho FA, Glasser A-L, et al. CEACAM6 acts as a receptor for 

adherent-invasive E. coli, supporting ileal mucosa colonization in Crohn’s disease. J 

Clin Invest 2007;117:1566–1574. 

51.  Levine A, Wine E, Assa A, et al. Crohn’s disease exclusion diet plus partial enteral 

nutrition induces sustained remission in a randomized controlled trial. 

Gastroenterology 2019;157:440-450.e8. 

52.  Svolos V, Hansen R, Nichols B, et al. Treatment of active Crohn’s disease with an 

ordinary food-based diet that replicates exclusive enteral nutrition. Gastroenterology 

2019;156:1354-1367.e6. 

53.  Rutgeerts P, Peeters M, Hiele M, et al. Effect of faecal stream diversion on recurrence 

of Crohn’s disease in the neoterminal ileum. The Lancet 1991;338:771–774. 

54.  Mohanan V, Nakata T, Desch AN, et al. C1orf106 is a colitis risk gene that regulates 

stability of epithelial adherens junctions. Science 2018;359:1161–1166. 

55.  Cleynen I, Boucher G, Jostins L, et al. Inherited determinants of Crohn’s disease and 

ulcerative colitis phenotypes: a genetic association study. The Lancet 2016;387:156–

167. 

56.  Subramanian S, Ekbom A, Rhodes JM. Recent advances in clinical practice: a 

systematic review of isolated colonic Crohn’s disease: the third IBD? Gut 

2017;66:362–381. 

57.  Naftali T, Reshef L, Kovacs A, et al. Distinct microbiotas are associated with 

ileum-restricted and colon-involving Crohnʼs disease. Inflammatory Bowel Diseases 

2016;22:293–302. 

58.  Willing BP, Dicksved J, Halfvarson J, et al. A pyrosequencing study in twins shows 

that gastrointestinal microbial profiles vary with inflammatory bowel disease 

phenotypes. Gastroenterology 2010;139:1844-1854.e1. 

59.  Afzal NA, Davies S, Paintin M, et al. Colonic Crohn’s disease in children does not 



28 
 

respond well to treatment with enteral nutrition if the ileum is not involved. Dig Dis 

Sci 2005;50:1471–1475. 

60.  Xu Y, Guo Z, Cao L, et al. Isolated colonic Crohn’s disease is associated with a 

reduced response to exclusive enteral nutrition compared to ileal or ileocolonic disease. 

Clinical Nutrition 2019;38:1629–1635. 

61.  Buchanan E, Gaunt WW, Cardigan T, et al. The use of exclusive enteral nutrition for 

induction of remission in children with Crohn’s disease demonstrates that disease 

phenotype does not influence clinical remission. Alimentary Pharmacology & 

Therapeutics 2009;30:501–507. 

62.  Narula N, Dhillon A, Zhang D, et al. Enteral nutritional therapy for induction of 

remission in Crohn’s disease. Cochrane Database Syst Rev 2018;4:CD000542. 

63.  Yu Y, Chen K-C, Chen J. Exclusive enteral nutrition versus corticosteroids for 

treatment of pediatric Crohn’s disease: a meta-analysis. World J Pediatr 2019;15:26–

36. 

  



29 
 

Figure 1. Multivariable associations of cumulative average empirical dietary 

inflammatory pattern score and risk of Crohn’s disease according to disease location. 

Disease location was categorized according the Montréal classification. P for trend was 

calculated using cumulative average EDIP score as a continuous variable. 
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Figure 2. Multivariable associations of 8-year change in EDIP score with risk of 

Crohn’s disease and ulcerative colitis. Participants’ 8-year change in EDIP score was 

calculated by subtracting the baseline EDIP score from the updated EDIP score 8 years after 

baseline. 
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Table 1. Age- and cohort-standardized basic characteristics of study participants according to quartiles of cumulative 
average EDIP scorea 

 Cumulative average EDIP scoreb 

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 

EDIP score, median (IQR) -0.30 (-0.42, -0.23) -0.08 (-0.12, -0.04) 0.08 (0.04, 0.13) 0.31 (0.24, 0.44) 
Age at baseline, years, mean (SD) 44.8 (9.9) 44.9 (10.5) 44.7 (10.6) 44.2 (10.4) 
Female, % 77 81 82 83 
Race, %     
  Southern European/Mediterranean 19 19 19 18 
  Scandinavian 9 8 7 7 
  Other Caucasian 66 66 65 64 
  Asian, Hispanic, African, or others 6 7 9 11 
Smoking status, %     
  Never smoker 51 59 63 64 
  Past smoker 35 30 26 24 
  Current smoker 14 11 11 12 
Body mass index, kg/m2, mean (SD) 25.1 (4.5) 25.8 (4.9) 26.5 (5.4) 28.0 (6.3) 
Physical activityc, MET-hr/wk, mean (SD) 23.5 (22.6) 21.2 (20.6) 19.9 (20.1) 18.8 (20.2) 
Nonsteroidal anti-inflammatory drug, % 42 41 41 43 
Oral contraceptive pill, %     
  Never user/men 42 43 43 43 
  Ever user 58 57 57 57 
Hormone replacement therapy, %     
  Premenopausal 30 29 29 28 
  Postmenopausal never user/men 39 39 39 41 
  Postmenopausal past user 16 17 17 17 
  Postmenopausal current user 15 15 15 14 
Dietary factor, mean (SD)     
  Calorie, kcal/d 1803.2 (482.7) 1739.4 (470.9) 1773.8 (480.1) 1963.5 (529.7) 
  Total fiber, g/d 19.7 (5.8) 19.5 (5.5) 18.8 (5.3) 17.7 (5.2) 
  ω-3 polyunsaturated fatty acids, g/d 1.3 (0.4) 1.3 (0.4) 1.3 (0.4) 1.3 (0.4) 
  ω-6 polyunsaturated fatty acids, g/d 10.2 (2.6) 10.4 (2.5) 10.4 (2.5) 10.4 (2.6) 



  Red meat, IU/wk 5.0 (3.1) 5.3 (3.1) 6.0 (3.3) 7.9 (4.4) 
Abbreviations: EDIP, Empirical dietary inflammatory pattern; IQR, interquartile range; MET, metabolic equivalent of task; SD, 
standard deviation. 
aThe basic characteristics are presented by quartiles of cumulative average EDIP score. All variables are standardized to the age and 
cohort distribution of the study population, except for age and sex. Mean (SD) is presented for continuous variables and percentage 
of participants for categorical variables. All variables are presented across person-time except for age. 
bAverage of the available EDIP scores from baseline until the current cycle. 
cPhysical activity was represented by the product sum of the MET of each specific recreational activity and hours spent on that 
activity per week. 
 
  



Table 2. Age-adjusted and multivariable associations of cumulative average EDIP score with risk of Crohn’s disease and ulcerative 
colitis 
 Cumulative average EDIP scorea 

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 Ptrend
e 

Crohn’s disease      
  No. of cases 71 70 79 108  
  Person-year 1234232 1235503 1237597 1242606  
  Age-adjusted HR (95% CI)b 1 (reference) 1.00 (0.72-1.40) 1.10 (0.79-1.52) 1.49 (1.10-2.02) 0.01 
  Multivariable-adjusted HR (95% CI)c 1 (reference) 1.02 (0.73-1.43) 1.11 (0.80-1.54) 1.51 (1.10-2.07) 0.01 
  Multivariable- + fiber-adjusted HR (95% CI)d 1 (reference) 1.03 (0.74-1.43) 1.12 (0.80-1.55) 1.51 (1.10-2.08) 0.01 
Ulcerative colitis      
  No. of cases 104 97 114 113  
  Person-year 1234232 1235503 1237597 1242606  
  Age-adjusted HR (95% CI)b 1 (reference) 0.90 (0.68-1.18) 1.02 (0.78-1.34) 0.96 (0.73-1.26) 0.99 
  Multivariable-adjusted HR (95% CI)c 1 (reference) 0.93 (0.70-1.23) 1.08 (0.82-1.42) 1.03 (0.78-1.36) 0.62 
  Multivariable- + fiber-adjusted HR (95% CI)d 1 (reference) 0.93 (0.70-1.23) 1.08 (0.82-1.42) 1.03 (0.77-1.36) 0.64 
Abbreviations: BMI, body mass index; CI, confidence interval; EDIP, Empirical dietary inflammatory pattern; HR, hazard ratio; HPFS, Health 

Professionals Follow-up Study; MET, metabolic equivalent of task; NSAID, nonsteroidal anti-inflammatory drug; NHS, Nurses’ Health study. 
aAverage of the available EDIP scores from baseline until the current cycle. 
bCox proportional hazards model stratified by age (continuous, month), cohort (NHS, NHS II, HPFS), and time period (in 2-year intervals). 
cFurther adjusted for race (Southern European/Mediterranean, Scandinavian, other Caucasian, other races), smoking (never smoker, past smoker, 
current smoker), BMI (<18.5, 18.5-24.9, 25-29.9, ≥30 kg/m2), physical activity (in quintiles, MET-hr/wk), regular NSAID use (no, yes), oral 
contraceptive pill (never user/men, ever user), and hormonal replacement therapy (premenopausal, postmenopausal never user/men, 
postmenopausal past user, postmenopausal current user). 
dFurther adjusted for total fiber intake (in quartiles, g/d). 
eP for trend was calculated using the EDIP score as a continuous variable. 
 
 
 
 
 
 



 
  



Table 3. Age-adjusted and multivariable associations of recent EDIP score with risk of Crohn’s disease and ulcerative colitis 
 Recent EDIP scorea 

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 Ptrend
e 

Crohn’s disease      
  No. of cases 62 84 85 97  
  Person-year 1234319 1236896 1233935 1244787  
  Age-adjusted HR (95% CI)b 1 (reference) 1.35 (0.97-1.88) 1.35 (0.97-1.88) 1.49 (1.08-2.06) 0.02 
  Multivariable-adjusted HR (95% CI)c 1 (reference) 1.37 (0.98-1.91) 1.36 (0.98-1.90) 1.49 (1.07-2.06) 0.03 
  Multivariable- + fiber-adjusted HR (95% CI)d 1 (reference) 1.37 (0.99-1.91) 1.37 (0.98-1.90) 1.48 (1.07-2.07) 0.04 
Ulcerative colitis      
  No. of cases 98 115 98 117  
  Person-year 1234319 1236896 1233935 1244787  
  Age-adjusted HR (95% CI)b 1 (reference) 1.13 (0.86-1.48) 0.94 (0.71-1.25) 1.05 (0.79-1.37) 0.49 
  Multivariable-adjusted HR (95% CI)c 1 (reference) 1.16 (0.89-1.53) 0.99 (0.74-1.32) 1.11 (0.84-1.47) 0.25 
  Multivariable- + fiber-adjusted HR (95% CI)d 1 (reference) 1.16 (0.89-1.53) 0.99 (0.74-1.32) 1.11 (0.84-1.47) 0.26 
Abbreviations: BMI, body mass index; CI, confidence interval; EDIP, Empirical dietary inflammatory pattern; HR, hazard ratio; HPFS, Health 
Professionals Follow-up Study; MET, metabolic equivalent of task; NSAID, nonsteroidal anti-inflammatory drug; NHS, Nurses’ Health study. 
aEDIP score within 4 years prior to the current follow-up cycle. 
bCox proportional hazards model stratified by age (continuous, month), cohort (NHS, NHS II, HPFS), and time period (in 2-year intervals). 
cFurther adjusted for race (Southern European/Mediterranean, Scandinavian, other Caucasian, other races), smoking (never smoker, past smoker, 
current smoker), BMI (<18.5, 18.5-24.9, 25-29.9, ≥30 kg/m2), physical activity (in quintiles, MET-hr/wk), regular NSAID use (no, yes), oral 
contraceptive pill (never user/men, ever user), and hormonal replacement therapy (premenopausal, postmenopausal never user/men, 
postmenopausal past user, postmenopausal current user). 
dFurther adjusted for total fiber intake (in quartiles, g/d). 
eP for trend was calculated using the EDIP score as a continuous variable. 
  



Table 4. Age-adjusted and multivariable associations of baseline EDIP score with risk of Crohn’s disease and ulcerative colitis 
 Baseline EDIP Scorea 

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 Ptrend
e 

Crohn’s disease      
  No. of cases 73 79 73 103  
  Person-year 1235068 1236774 1238132 1239964  
  Age-adjusted HR (95% CI)b 1 (reference) 1.11 (0.80-1.53) 1.03 (0.74-1.43) 1.43 (1.05-1.95) 0.004 
  Multivariable-adjusted HR (95% CI)c 1 (reference) 1.15 (0.83-1.59) 1.07 (0.76-1.49) 1.45 (1.06-2.00) 0.004 
  Multivariable- + fiber-adjusted HR (95% CI)d 1 (reference) 1.15 (0.83-1.59) 1.07 (0.76-1.49) 1.45 (1.05-2.00) 0.005 
Ulcerative colitis      
  No. of cases 102 97 113 116  
  Person-year 1234319 1236896 1233935 1244787  
  Age-adjusted HR (95% CI)b 1 (reference) 0.91 (0.69-1.20) 1.03 (0.78-1.35) 1.04 (0.79-1.37) 0.69 
  Multivariable-adjusted HR (95% CI)c 1 (reference) 0.94 (0.71-1.25) 1.07 (0.81-1.41) 1.10 (0.83-1.46) 0.44 
  Multivariable- + fiber-adjusted HR (95% CI)d 1 (reference) 0.94 (0.71-1.25) 1.07 (0.81-1.41) 1.10 (0.83-1.46) 0.45 
Abbreviations: BMI, body mass index; CI, confidence interval; EDIP, Empirical dietary inflammatory pattern; HR, hazard ratio; HPFS, Health 

Professionals Follow-up Study; MET, metabolic equivalent of task; NSAID, nonsteroidal anti-inflammatory drug; NHS, Nurses’ Health study. 
a
EDIP score at baseline (1984 in the NHS; 1991 in the NHS II; 1986 in the HPFS). 

bCox proportional hazards model stratified by age (continuous, month), cohort (NHS, NHS II, HPFS), and time period (in 2-year intervals). 
cFurther adjusted for race (Southern European/Mediterranean, Scandinavian, other Caucasian, other races), smoking (never smoker, past smoker, 
current smoker), BMI (<18.5, 18.5-24.9, 25-29.9, ≥30 kg/m2), physical activity (in quintiles, MET-hr/wk), regular NSAID use (no, yes), oral 
contraceptive pill (never user/men, ever user), and hormonal replacement therapy (premenopausal, postmenopausal never user/men, 
postmenopausal past user, postmenopausal current user). 
dFurther adjusted for total fiber intake (in quartiles, g/d). 
eP for trend was calculated using the EDIP score as a continuous variable. 

 







What You Need to Know 

BACKGROUND AND CONTEXT: Few studies have examined the association of composite 

dietary determinants of inflammation on the risk of Crohn’s disease and ulcerative colitis. 

 

NEW FINDINGS: Dietary patterns with high inflammatory potential were associated with 

increased risk of Crohn’s disease but not ulcerative colitis. The effect with Crohn’s disease 

was dynamic, where a shift from low to high inflammatory potential of diet and a persistently 

proinflammatory diet were both associated with greater disease risk. 

 

LIMITATIONS: These findings are based on observational data. The median age of diagnosis 

in this study is higher than other population-based cohorts. 

 

IMPACT: Given the importance of diet in modulating intestinal inflammation and risk of 

inflammatory bowel disease, strategies to mitigate chronic inflammation through avoidance 

or reduced intake of proinflammatory foods may be considered for disease prevention. 

 

Lay Summary 

Inflammation is a potential mechanism linking diet and development of inflammatory bowel 

disease. Dietary patterns with high inflammatory potential can increase the risk of developing 

Crohn’s disease. 

 

 

 

 

 

 


