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Abstract

Background & Aims—Dietary patterns affect systemic and local intestinal inflammation, which 

have been linked to colorectal carcinogenesis. Chronic inflammation can interfere with the 

adaptive immune response. We investigated whether the association of a diet that promotes 

intestinal inflammation with risk of colorectal carcinoma was stronger for tumors with lower 

lymphocytic reactions than tumors with higher lymphocytic reactions.

Methods—We collected data from the molecular pathological epidemiology databases of 2 

prospective cohort studies: the Nurses’ Health Study (since 1976) and the Health Professional 

Follow-up Study (since 1986). We used duplication-method time-varying Cox proportional cause-
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specific hazards regression to assess the association of empirical dietary inflammatory pattern 

(EDIP) score (derived from food frequency questionnaire data) with colorectal carcinoma subtype. 

Foods that contribute to high EDIP scores include red and processed meats, refined grains, 

carbonated beverages, and some vegetables; foods that contribute to low EDIP scores include beer, 

wine, coffee, tea, yellow and leafy vegetables, and fruit juice. Colorectal tissue samples were 

analyzed histologically for patterns of lymphocytic reactions (Crohn’s-like lymphoid reaction, 

peritumoral lymphocytic reaction, intratumoral periglandular reaction, and tumor-infiltrating 

lymphocytes).

Results—During follow up of 124,433 participants, we documented 1311 incident colon and 

rectal cancer cases with available tissue data. The association between the EDIP and colorectal 

cancer risk was significant (Ptrend = .02), and varied with degree of peritumoral lymphocytic 

reaction (Pheterogeneity < .001). Higher EDIP scores were associated with increased risk of 

colorectal cancer with an absent or low peritumoral lymphocytic reaction (highest vs lowest EDIP 

score quintile hazard ratio = 2.60; 95% CI, 1.60–4.23; Ptrend < .001) but not risk of tumors with 

intermediate or high peritumoral lymphocytic reaction (Ptrend > .80).

Conclusions—In a prospective cohort study, we associated inflammatory diets with a higher 

risk of colorectal cancer subtype that contains little or no peritumoral lymphocytic reaction. These 

findings suggest that diet-related inflammation might contribute to development of colorectal 

cancer, by suppressing the adaptive anti-tumor immune response.

Keywords

adaptive immune cells; BRAF; CpG island methylator phenotype; cyclooxygenase-2

INTRODUCTION

Accumulating evidence indicates that inflammation plays a critical role in colorectal 

carcinogenesis,1 and that certain dietary components have demonstrable influence on 

systemic and gastrointestinal inflammatory status, consequently impacting colorectal 

carcinogenesis.2–4 In particular, diets that induce inflammation (referred to as inflammatory 

diets) appear to exert their cancer-promoting potential though the effects of pro-

inflammatory mediators, such as interleukin 1 (IL1), IL6, and TNF (tumor necrosis factor-

α). These inflammatory mediators can act as pro-oncogenic factors through activation of 

downstream oncogenic signaling pathways (including PI3K / AKT / MTOR and MAPK / 

ERK signaling cascades), enhancing cell growth, proliferation and migration.5–7 

Epidemiological studies have shown that highly inflammatory diets are associated with 

higher risk of colorectal cancer, especially proximal colon cancer and tumors without lymph 

node metastasis, and that the association appears to be stronger in males than females.2–4 We 

have developed an empirical dietary inflammatory pattern (EDIP) score based on eighteen 

food groups that correlate with concentrations of inflammatory plasma biomarkers in the 

Nurses’ Health Study (NHS).6 The EDIP score has been validated in two independent 

cohorts of men and women, the Health Professionals Follow-up Study (HPFS) and the 

Nurses' Health Study-II, respectively.6
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It is widely recognized that immune response plays a critical role in the host's control or 

elimination of neoplastic cells.8, 9 During the processes of inflammation and tumorigenesis, 

a neoplastic lesion recruits various innate and adaptive immune cells. These immune cells 

communicate with each other by means of direct contact or cytokine and chemokine 

production to control and shape tumor growth. The interactions of various immune and 

inflammatory cells in the tumor microenvironment likely influence balances of the opposing 

effects of tumor-promoting inflammation and antitumor immunity.10 Due to the complex 

balance between inflammation and immune modulation in tumorigenesis, pro-inflammatory 

diets may exert different effects according to interactions of tumor and immune cells. Such a 

variable risk modification by tumor-immunity interactions has been shown in a recent study 

on aspirin use in relation to incidence of colorectal cancer subtypes classified by tumor-

infiltrating lymphocytes (TIL). Specifically, aspirin use has been associated with lower risk 

of colorectal cancer lacking abundant TIL.11 Considering these findings, we hypothesized 

that the association of pro-inflammatory dietary patterns with colorectal cancer risk might be 

stronger for tumors that lacked intense lymphocytic reaction than for tumors with robust 

lymphocytic reaction.

To test this hypothesis, we utilized the database of the NHS and HPFS cohorts, and 

prospectively examined EDIP scores in relation to incidence of colorectal cancer subtypes 

classified by the patterns and degrees of lymphocytic reaction.

METHODS

Study Population

The study was based on participants in two ongoing prospective cohort studies, the Nurses' 

Health Study (NHS) and the Health Professionals Follow-up Study (HPFS). The NHS 

recruited 121,701 registered female nurses aged 30 to 55 years at baseline in 1976, and the 

HPFS enrolled 51,529 male health professionals aged from 40 to 75 years at baseline in 

1986 in the United States.12 In both cohorts, questionnaires were sent at baseline and every 

two years thereafter to collect and update demographic, lifestyle, medical, and other health-

related information. Validated food frequency questionnaires were administrated in 1980, 

1984 and 1986 and every 4 years thereafter in the NHS, and in 1986 and every 4 years 

thereafter in the HPFS to collect dietary data. We followed participants from the date of 

return of the baseline questionnaire through June 30th, 2012 in the NHS or January 31st, 

2012 in the HPFS. We obtained written informed consent from all participants. This study 

was approved by Human Subjects Committees at Harvard T.H. Chan School of Public 

Health and Brigham and Women’s Hospital.

Assessment of Empirical Dietary Inflammatory Pattern (EDIP) Scores and Other Covariates

The development of the EDIP score has been previously described.6 The goal was to 

empirically create a score for overall inflammatory potential of whole diets defined using 

food groups. The investigators entered 39 pre-defined food groups in reduced rank 

regression models followed by stepwise linear regression analyses to identify a dietary 

pattern most predictive of three plasma inflammatory biomarkers, IL6, CRP (C-reactive 

protein) and TNFRSF1B (TNFα-receptor 2).13 The EDIP score is the weighted sum of 18 
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food groups, with higher (more positive) scores indicating pro-inflammatory diets and lower 

(more negative) scores indicating anti-inflammatory diets.6 The detailed composition of the 

EDIP food group components is listed in Supplementary Table 1 and the formula used to 

compute EDIP scores is listed in Supplementary Methods in the Supplement. The validity of 

the EDIP score has been evaluated in two independent U.S.-based cohorts of women and 

men.6 We calculated EDIP score for each participant based on food frequency questionnaire 

data at each questionnaire cycle. Since EDIP scores varied significantly between 1980 and 

thereafter in the NHS, we set 1984 as the study baseline for the NHS. The cumulative 

average EDIP score at each questionnaire cycle was further computed by averaging EDIP 

scores at all prior cycles up to the then-latest questionnaire cycle, to best represent habitual 

long-term dietary intake and reduce within-person variation. Participants were categorized 

into quintiles or quartiles using cohort-specific cut-off points of cumulative average EDIP 

scores at each time interval. Information on lifestyles, including smoking, physical activity, 

total energy intake, alcohol intake, multivitamin use, endoscopy status, regular aspirin use, 

family history of colorectal cancer, weight, height, and postmenopausal hormone use (only 

for women), was assessed using biennial questionnaires in both cohorts as previously 

described.14, 15

Ascertainment of Colorectal Cancer Cases

Incident colorectal cancer cases were identified using biennial questionnaires. The time (in 

month) until colorectal cancer diagnosis was measured from the date of the questionnaire 

return at the study baseline, which was 1984 for the Nurses’ Health Study and 1986 for the 

Health Professional Follow-up Study. Lethal unreported colorectal cancer cases were 

identified through the National Death Index and next of kin. Diagnosis of colon or rectal 

carcinoma in participants was verified through medical record review in all cases included in 

this study.

Analyses of Histopathologic Lymphocytic Reaction and Tumor Characteristics

Paraffin-embedded archival tumor tissue blocks of confirmed colorectal cancer cases were 

collected from hospitals where the patients underwent tumor resection. A pathologist (S.O.) 

evaluated hematoxylin and eosin stained tissue sections and scored (as absent/low, 

intermediate, or high) for four histopathological patterns of lymphocytic reaction, namely 

Crohn’s-like lymphoid reaction, peritumoral lymphocytic reaction, intratumoral 

periglandular reaction and tumor-infiltrating lymphocytes (TIL) (Supplementary Figure 1).16 

Of the 1311 tumors, 5 or more sections of each tumor were evaluated in 22 cases (2%), 4 

sections in 57 cases (4%), 3 sections in 318 cases (24%), 2 sections in 317 cases (24%), and 

1 section in 597 cases (46%). A subset of cases was re-examined by a second pathologist to 

ensure good concordance of histopathologic features as previously described.16

We extracted DNA from tumor and normal tissue and assessed for microsatellite instability 

(MSI),17 CpG island methylator phenotype (CIMP),18,19 BRAF mutation,19 PTGS2 

(cyclooxygenase-2) expression20 as previously described. Further detail on the assessments 

of tumor immunity and molecular alterations is provided in Supplementary Methods.
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Statistical Analysis

Participants who died of causes other than colorectal cancer, and those who were free of 

colorectal cancer at the end of follow-up were censored. In addition, colorectal cancer cases 

with unknown immune status were censored at the time of diagnosis. For each participant, 

we calculated follow-up time (in month) from the date of the questionnaire return at the 

study baseline until the date of death, colorectal cancer diagnosis, or end of follow-up, 

whichever came first. We used duplication-method time-varying Cox proportional cause-

specific hazards regression analysis weighted by inverse probabilities for competing risks 

data21, 22 to assess the associations of EDIP scores with risks of colorectal cancer subtypes 

classified by the degrees of lymphocytic reaction. Testing for trend across quintiles of EDIP 

scores was performed using the median value of each quintile group in the Cox regression 

models. To examine the heterogeneity in the associations with various colorectal cancer 

subtypes, we used a Wald test to assess the null hypothesis that the association with EDIP is 

equal for all subtypes. The primary hypothesis testing was set as a heterogeneity test (with 

its significance measure being Pheterogeneity) on the associations of EDIP scores with 

differential cancer subtypes classified by four different lymphocytic reaction markers.22, 23 

Hence, we adjusted the alpha level to 0.01 (≈ 0.05/4) by Bonferroni correction. All other 

analyses including evaluation of individual hazard ratios (HRs) represent secondary 

analyses. Inverse probability weighting (IPW) was used to reduce bias from potentially 

varied tumor tissue data availability, by calculation of the predictive probability of observing 

a specific immune marker for each case using multivariable logistic regression, which 

initially included sex, tumor stage, tumor location, age at diagnosis, year of diagnosis, body 

mass index, physical activity, total energy intake, multivitamin use, regular aspirin use, pack-

years of smoking, family history of colorectal cancer, total alcohol intake and history of 

endoscopy. A backward elimination with a threshold P value of 0.1 was used to select 

variables for the final model. The weight of each case was set as one divided by the 

probability (the "inverse probability") of availability of specific tumor marker data, while it 

was set as 1 for non-cases and cases without data on the corresponding tissue marker in the 

weighted Cox regression models. Cox regression analyses were based on the counting 

process data structure and were stratified by age in months, calendar year of the 

questionnaire cycle and sex (in the combined analyses). We used the time-dependent Cox 

regression model to get immediate effects of pro-inflammatory diets on the risk of 

developing different subtypes of colorectal cancer according to lymphocytic reaction by 

controlling for the recent past potential confounders.24 Multivariable-adjusted Cox 

regression models were adjusted for time-varying covariates (most of which were updated 

every 2 years), including family history of colorectal cancer, history of endoscopy, 

multivitamin use, regular aspirin use, pack-years of smoking, physical activity, total energy 

intake, alcohol intake (and postmenopausal hormone use only in the NHS). All multi-

categorical covariates were treated as nominal variables. To validate our results, we 

conducted multiple sensitivity analyses. Given that overweight/obesity - a state of low-grade 

chronic inflammation - has been shown to play both a mediating and confounding role in 

associations between dietary inflammation potential and inflammation markers,6 we further 

adjusted for body mass index as a sensitivity analysis. We further detected the association 

between quartiles of EDIP scores and risk of colorectal cancer subtypes classified by 

lymphocytic reaction. Because the time-dependent exposure (the EDIP score) and right 
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censoring of death from causes other than colorectal cancer might be informed by time-

dependent covariates, we further considered marginal structural Cox proportional hazards 

models25, 26 as a sensitivity analysis to detect the association between EDIP scores and risk 

of colorectal cancer subtypes according to immunity markers. We used the product of the 

stabilized inverse probability weights (IPWs) as the weights in the marginal structure 

model.25,26 Stabilized IPWs were estimated by combining the stabilized inverse probability 

of treatment weights (IPTWs) and stabilized inverse probability of censoring weights 

(IPCWs).25,26 SAS 9.4 (SAS Institute Inc, Cary, North Carolina, USA) was used for all 

statistical analyses. All statistical tests were two-sided.

RESULTS

Characteristics of Study Participants

The baseline characteristics of study participants are presented in Table 1 and 

Supplementary Table 2. In the Nurses' Health Study (NHS), we excluded 35,955 women 

without diet data in 1984, 315 participants with ulcerative colitis, 188 participants without 

birth dates, 6340 participants with any cancer diagnosed before 1984, and 1923 participants 

who died before 1984. In the Health Professionals Follow-up Study (HPFS), we excluded 

1508 men without diet data in 1986, 509 participants with ulcerative colitis, 38 participants 

without birth dates, 2048 participants with any cancer diagnosed before 1986, and 12 

participants who died in 1986. In total, 124,433 women and men were included into the 

current analyses. During 2,998,258 person-years of follow-up, we documented 1311 

colorectal cancer cases with at least one tissue lymphocytic marker available. We did not 

observe evidence of a violation of the proportionality of hazards assumption on the basis of 

interaction terms between empirical dietary inflammatory pattern (EDIP) scores and follow-

up time (P = .60). Excluding the colorectal cancer subtype with absent/low peritumoral 

lymphocytic reaction (Pheterogeneity = .02), we did not observe significant heterogeneity 

between cohorts for the associations of EDIP scores with risk of any other colorectal cancer 

subtypes. In order to increase statistical power, we combined the NHS and HPFS data to 

perform pooled analyses stratified by age in months, calendar year of the questionnaire cycle 

and sex.

EDIP and Risks of Colorectal Cancer Subtypes Classified by Lymphocytic Reaction to 
Tumor

We analyzed the associations between EDIP scores and incidence of overall colorectal 

cancer. There were statistical trends toward the associations of higher EDIP scores with an 

increased risk of colorectal cancer (Ptrend = .02, Table 2). Among colorectal cancer patients, 

we observed higher mortality in patients with higher EDIP scores compared with those with 

lower scores (Ptrend = .002, Supplementary Table 3). We conducted our primary hypothesis 

testing, and found that the association of EDIP scores with colorectal cancer risk 

significantly differed by the degrees of peritumoral lymphocytic reaction (Pheterogeneity < .

001, with the adjusted α level of 0.01; Table 2). High EDIP scores were associated with 

higher risk of the colorectal cancer subtype with absent/low peritumoral lymphocytic 

reaction [highest vs lowest EDIP score quintile multivariable-adjusted HR = 2.60; 95% 

confidence interval (CI), 1.60–4.23; Ptrend < .001], but not with risk of tumors that showed 
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intermediate or high peritumoral lymphocytic reaction (Ptrend > .80). The association of 

EDIP score with colorectal cancer risk did not significantly differ by the degrees of Crohn's-

like reaction, intratumoral periglandular reaction, or TIL (Pheterogeneity > .03, with the 

adjusted α level of 0.01). Nonetheless, there was a positive association between EDIP scores 

and risk of the colorectal cancer subtype with absent/low intratumoral periglandular reaction 

(highest vs lowest EDIP score quintile multivariable-adjusted HR = 1.87; 95% CI, 1.15–

3.05; Ptrend = .003).

When the NHS and HPFS cohorts were analyzed separately, we found a stronger association 

between high EDIP scores and peritumoral lymphocytic reaction-absent/low colorectal 

cancer. Though statistical power was limited in these subgroup analyses, the differential 

association of EDIP scores with colorectal cancer subtypes classified by peritumoral 

reaction appeared to have similar trends in the two cohorts (Supplementary Table 4).

Because of the association of tumor molecular features such as MSI and CIMP status with 

lymphocytic reaction,16 as well as a plausible influence of anti-inflammatory drugs on 

BRAF-wild-type or PTGS2-expressing colorectal cancers,20, 27 we conducted secondary 

analyses that subclassified colorectal cancer subtypes (by peritumoral reaction) further by 

tumor MSI, CIMP, BRAF, or PTGS2 status (Table 3). Although statistical power was 

limited, the differential association of EDIP score with colorectal cancer subtypes classified 

by peritumoral lymphocytic reaction appeared to be generally consistent in non-MSI-high 

cases, CIMP-low/negative cases, BRAF-wild-type cases, PTGS2-negative cases, and 

PTGS2-positive cases. There were small numbers of cases in the other strata. Given the 

important role of MSI status in colorectal cancer in both research and clinical practice, we 

examined the associations of EDIP scores with risk of colorectal cancer subtypes by MSI 

status, and did not observe significant differential associations by MSI status 

(Supplementary Table 5).

Sensitivity Analyses

In sensitivity analyses that further adjusted for body mass index, we obtained similar results 

(Supplementary Table 6). Association measures between the EDIP score and risk of 

colorectal cancer subtypes classified by peritumoral lymphoctyic reaction remained 

significant in models that included each of the covariates in the multivariable-adjusted 

model. In addition, the association measures did not change materially even after adding 

each of interaction terms between the EDIP scores and individual potential confounders 

(alcohol intake and body mass index) into the multiple-adjusted model (Supplementary 

Table 7).

A sensitivity analysis was conducted to examine the relationship of the EDIP score (quartile 

categories) with risk of colorectal cancer subtypes classified by lymphocytic reaction, and 

similar findings were observed (Supplementary Table 8).

The findings from fitting marginal structural Cox proportional hazards models did not 

suggest significant time-varying confounding occurring after study enrollment. The fully 

weighted Cox proportional hazards models revealed a differential association between EDIP 
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scores and risk of colorectal cancer subtypes according to peritumoral lymphocytic reaction 

(Pheterogeneity = .004; Supplementary Table 9).

DISCUSSION

Based on data from two large prospective cohorts of women and men, we found that high 

intakes of pro-inflammatory diets (indicated by high EDIP scores) were associated with a 

higher risk of developing colorectal cancer with absent/low peritumoral lymphocytic 

reaction, but not with risk of cancers that had intermediate or high peritumoral lymphocytic 

reaction. The positive associations between EDIP scores and risk of the colorectal cancer 

subtype with absent/low peritumoral lymphocytic reaction appeared to be consistent in non-

MSI-high, CIMP-low/negative, BRAF-wild-type, PTGS2-negative, or PTGS2-positive 

colorectal cancer. The time-dependent Cox regression analyses revealed an immediate effect 

of cumulative average of EDIP scores on the development of colorectal cancer subtype with 

absent or low lymphocytic reaction. Although a validation in independent datasets is needed, 

our findings provide the first line of population-based evidence for the role of immunity in 

mediating the effect of dietary inflammatory potential in colorectal carcinogenesis. Hence, 

the current study may be of use in designing strategies for personalized immunoprevention 

through dietary interventions.

Analysis of exposures and tumor characteristics is increasingly important.28–31 The positive 

association between dietary inflammatory potential and risk of the colorectal cancer subtype 

with absent/low peritumoral lymphocytic reaction is biologically plausible. Dietary 

components exert diverse influences on inflammation. Studies have shown that red meat 

intake can promote the secretion of IL6 and CRP.32, 33 Saturated fatty acids can activate 

innate immune receptors, including Toll-like receptors and nucleotide-binding 

oligomerization domain proteins to upregulate pro-inflammatory cytokines IL1, IL6, and 

TNF (TNF-α), whereas, polyunsaturated fatty acids inhibit the secretion of these 

mediators.34 Short chain fatty acids (SCFAs), byproducts of fermentation of dietary fiber, 

may reduce these pro-inflammatory cytokines and produce anti-inflammatory mediator IL10 

through activation of free fatty acid receptors (FFAR2 and FFAR3) and inhibition of histone 

deacetylase of macrophages.35, 36 The tryptophan metabolites derived from cruciferous 

vegetables, and carotenoids and flavonoids (which are abundant in yellow, orange, and red 

vegetables) increase the secretion of IL22 to maintain epithelial integrity through binding to 

the aryl hydrocarbon receptor expressed on intestinal dendritic cells and lymphocytes.37 

Studies have shown that pro-inflammatory dietary patterns, characterized by high saturated 

fatty acids, high sugar, high red and processed meat, low dietary fiber, and low green leafy 

and dark yellow vegetables, have been associated with high levels of circulating pro-

inflammatory mediators.6, 38, 39 In the acute or early phase of local intestinal inflammation, 

pro-inflammatory mediators mainly secreted by macrophages and mast cells recruit natural 

killer cells to eliminate pathogenic agents. Adaptive immune cells (T and B lymphocytes) 

are further activated by mature dendritic cells and undergo clonal expansion in order to 

mount an ‘adaptive’ response.40 Systemic and local intestinal chronic inflammation caused 

by long-term intake of pro-inflammatory diets may cause activation of cellular signaling 

pathways related to phosphatidylinositol-4,5-bisphosphonate 3-kinase (PI3K), STAT3, and 

NFKB; all of these pathways are crucial in the early stage of tumorigenesis due to their 
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ability to stimulate proliferation and suppress apoptosis of pre-malignant cells.5, 41, 42 

Furthermore, chronic inflammation can dysregulate immune homeostasis and suppress 

adaptive anti-tumor immune response. The hyperactivation of PI3K / MTOR signaling may 

skew differentiation of CD8+ T cells to short-lived effector cells with severely impaired 

development of B cells and memory T cells.43 TGFB1 and STAT3 signaling can enhance 

regulatory T cell-mediated immunosuppression and result in impaired antigen-specific T-cell 

responses.44 Persistent chronic inflammation can also result in deficient expression of CD28 

in both CD4+ and CD8+ T cells.45 CD4+ CD28null T cells lose their capacity to help B cells 

due to the concomitant loss of CD40LG (CD154).46 As a major CD40 ligand, CD40LG 

(CD154) is expressed by activated T lymphocytes. The interaction between CD40 and 

CD40LG could promote T cell dependent B cell proliferation, regulate B cell isotype 

switching and migration, and prolong the survival of antigen-specific high-affinity memory 

B cells.47 A proportion of CD8+ CD28null T cells lack perforin that is an important cytotoxic 

protein.48 The number of CD28null T cells has been inversely correlated with protective 

immune responses.49 With regard to peritumoral immune reaction, it has been shown that a 

strong in situ T lymphocytic reaction in invasive tumor margins correlated with a favorable 

prognosis independent of cancer stage.50, 51 Consistent with these literature data, our 

findings suggest that inflammatory diets may promote the development of colorectal 

carcinomas with little or no peritumoral lymphocytic reaction. Whereas, colorectal cancer 

subtype with high lymphocytic reaction shows its immunogenic property due to tumor-

producing neoantigens, and this immunogenic property of tumor may cause insensitivity to 

inflammatory diets, which have been shown to have suppressive effects on adaptive anti-

tumor immunity. Hence, it is conceivable that the association between pro-inflammatory 

diets and risk of colorectal cancer differs among tumors subtypes with different degrees of 

immune responses to tumor. Our data have clinical implications, especially in terms of 

prevention of colorectal cancer. Reduced intake of inflammatory diets appears to be 

preventive against colorectal cancer subtype with absent/low lymphocytic reaction, which 

has been shown to be a clinically aggressive cancer subtype.16 In addition, it can be 

hypothesized in the future studies that patients with colorectal cancer subtype exhibiting 

absent/low lymphocytic reaction may have benefits from intervention of anti-inflammatory 

diets after cancer diagnosis.

Integrated analysis of tumor molecular features and immune cells in the tumor 

microenvironment is increasingly important,52–54 because ample evidence indicates 

bidirectional influences of tumor molecular alterations and immune response to tumor.55, 56 

Considering the relationship between tumor characteristics and immunity, we further 

investigated whether the observed association of pro-inflammatory diets with cancer 

containing little or no peritumoral lymphocytic reaction might be due to a potential 

association between pro-inflammatory diets and specific tumor molecular subtypes such as 

those classified by MSI, CIMP, BRAF mutation, or PTGS2 expression status. We found that 

the positive association between higher EDIP scores and risk of peritumoral lymphocytic 

reaction-absent/low colorectal cancer appeared to be consistent in non-MSI-high, CIMP-low, 

BRAF-wild, PTGS2-negative or PTGS2-positive colorectal cancers, while the numbers of 

cases were too small in strata of MSI-high, CIMP-high and BRAF-mutated tumors. Further 
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large-scale studies are needed to examine the relationship between diets and comprehensive 

tumor subtyping that integrates both tumor and immune characteristics.

There are several advantages to the approach taken in our study. First, our prospective diet 

data collection enabled us to not only minimize recall bias (that is inevitable in retrospective 

diet data collection) but also avoid differential recall bias between cancer cases and cancer-

free participants. Second, repeated questionnaires enabled us to use cumulative averages for 

dietary intakes and all other quantitative factors and decrease measurement errors within 

individuals. Third, we applied the recently developed EDIP scores to assess dietary 

inflammatory potential. Hence, we analyzed overall dietary patterns that encompass many 

food items, rather than examining each food item individually which could exaggerate 

multiple comparisons and false discoveries. Fourth, the molecular pathological 

epidemiology (MPE) analysis method23, 57 enabled us to assess differential association of 

inflammatory diets with incidence of cancer subtypes classified by immune features. This 

MPE method has been utilized to assess the combined influences of exposures and immunity 

in cancer occurrence.11, 12, 58, 59

Our current study has limitations. First, despite the large sample size from the two cohorts, 

the number of cases with absent/low peritumoral lymphocytic reaction was relatively small. 

Second, diet data were based on food frequency questionnaires. Despite the presence of 

measurement errors, food frequency questionnaires can capture long-term food intake habits 

better than diet diaries.60 Third, we could not analyze all cases due to unavailability of tumor 

tissues in some cases. Considering that the tissue data may not be missing completely at 

random, we employed the inverse probability weighting method to adjust for potential bias 

related to tumor tissue data missingness. Fourth, our cohort participants were health 

professionals in the U.S., and mostly non-Hispanic Caucasians. Hence, generalizability of 

our findings in other population groups needs to be examined in future studies.

CONCLUSIONS

In summary, our current study has shown that pro-inflammatory diets are associated with a 

higher risk of colorectal cancer that contained little or no peritumoral lymphocytic reaction, 

but not risk of tumors with abundant peritumoral lymphocytic reaction. Although a 

validation by independent studies is needed, these findings suggest that pro-inflammatory 

diets may impair adaptive anti-tumor immune response, and hence promote colorectal 

carcinogenesis. Our data also implicate dietary inflammatory potential as an important factor 

to be considered in cancer immuno-prevention.61, 62
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Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

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

Liu et al. Page 11

Gastroenterology. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PA, RI, SC, TN, TX, VA, WA, WY. The authors assume full responsibility for analyses and interpretation of these 
data.

Grant support: This work was supported by U.S. National Institutes of Health (NIH) grants [P01 CA87969, UM1 
CA186107 to M.J. Stampfer; P01 CA55075, UM1 CA167552 to W.C. Willett; P50 CA127003 to C.S.F.; R01 
CA137178, K24 DK098311 to A.T.C.; R01 CA151993, R35 CA197735 to S.O.; K07 CA190673 to R.N.; K07 
CA188126 to X.Z. and K99 CA207736 to F.K.T.]; Nodal Award (to S.O.) from the Dana-Farber Harvard Cancer 
Center; and by grants from The Paula and Russell Agrusa Fund for Colorectal Cancer Research, The Friends of the 
Dana-Farber Cancer Institute, Bennett Family Fund, and the Entertainment Industry Foundation through National 
Colorectal Cancer Research Alliance. L.L. is supported by the grant from National Natural Science Foundation of 
China No.81302491, a scholarship grant from Chinese Scholarship Council and a fellowship grant from Huazhong 
University of Science and Technology. Y.S. is supported by the grants from National Natural Science Foundation of 
China No.81402016, Beijing Natural Science Foundation No.7152140 and Beijing Nova Program XXJH2015B098. 
T.H. is supported by a fellowship grant from the Uehara Memorial Foundation and by a grant from the Mochida 
Memorial Foundation for Medical and Pharmaceutical Research. K.K. is supported by a grant from Program for 
Advancing Strategic International Networks to Accelerate the Circulation of Talented Researchers from Japanese 
Society for the Promotion of Science. The content is solely the responsibility of the authors and does not 
necessarily represent the official views of NIH. The funders had no role in design and conduct of the study; 
collection, management, analysis, and interpretation of the data; and preparation, review, or approval of the 
manuscript.

Abbreviations

CI confidence interval

CIMP CpG island methylator phenotype

EDIP empirical dietary inflammatory pattern

HPFS Health Professionals Follow-up Study

HR hazard ratio

IPW inverse probability weighting

MPE molecular pathological epidemiology

MSI microsatellite instability

NHS Nurses’ Health Study

TIL tumor-infiltrating lymphocytes

References

1. Kuipers EJ, Grady WM, Lieberman D, et al. Colorectal cancer. Nat Rev Dis Primers. 2015; 1:15065. 
[PubMed: 27189416] 

2. Tabung FK, Steck SE, Ma Y, et al. The association between dietary inflammatory index and risk of 
colorectal cancer among postmenopausal women: results from the Women's Health Initiative. 
Cancer Causes Control. 2015; 26:399–408. [PubMed: 25549833] 

3. Wirth MD, Shivappa N, Steck SE, et al. The dietary inflammatory index is associated with 
colorectal cancer in the National Institutes of Health-American Association of Retired Persons Diet 
and Health Study. Br J Nutr. 2015; 113:1819–1827. [PubMed: 25871645] 

4. Shivappa N, Prizment AE, Blair CK, et al. Dietary inflammatory index and risk of colorectal cancer 
in the Iowa Women's Health Study. Cancer Epidemiol Biomarkers Prev. 2014; 23:2383–2392. 
[PubMed: 25155761] 

5. Lippitz BE. Cytokine patterns in patients with cancer: a systematic review. Lancet Oncol. 2013; 
14:e218–228. [PubMed: 23639322] 

Liu et al. Page 12

Gastroenterology. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



6. Tabung FK, Smith-Warner SA, Chavarro JE, et al. Development and Validation of an Empirical 
Dietary Inflammatory Index. J Nutr. 2016; 146:1560–1570. [PubMed: 27358416] 

7. Kaler P, Augenlicht L, Klampfer L. Macrophage-derived IL-1beta stimulates Wnt signaling and 
growth of colon cancer cells: a crosstalk interrupted by vitamin D3. Oncogene. 2009; 28:3892–
3902. [PubMed: 19701245] 

8. Spira A, Disis ML, Schiller JT, et al. Leveraging premalignant biology for immune-based cancer 
prevention. Proc Natl Acad Sci U S A. 2016; 113:10750–10758. [PubMed: 27638202] 

9. Yang Y. Cancer immunotherapy: harnessing the immune system to battle cancer. J Clin Invest. 2015; 
125:3335–3337. [PubMed: 26325031] 

10. Umar A, Steele VE, Menter DG, et al. Mechanisms of nonsteroidal anti-inflammatory drugs in 
cancer prevention. Semin Oncol. 2016; 43:65–77. [PubMed: 26970125] 

11. Cao Y, Nishihara R, Qian ZR, Song M, et al. Regular Aspirin Use Associates With Lower Risk of 
Colorectal Cancers With Low Numbers of Tumor-Infiltrating Lymphocytes. Gastroenterology. 
2016; 151:879–892. [PubMed: 27475305] 

12. Liao X, Lochhead P, Nishihara R, et al. Aspirin use, tumor PIK3CA mutation, and colorectal-
cancer survival. N Engl J Med. 2012; 367:1596–1606. [PubMed: 23094721] 

13. Hu FB, Rimm E, Smith-Warner SA, et al. Reproducibility and validity of dietary patterns assessed 
with a food-frequency questionnaire. Am J Clin Nutr. 1999; 69:243–249. [PubMed: 9989687] 

14. Song M, Nishihara R, Cao Y, Chun E, et al. Marine omega-3 Polyunsaturated Fatty Acid Intake 
and Risk of Colorectal Cancer Characterized by Tumor-Infiltrating T Cells. JAMA Oncol. 2016; 
2:1197–1206. [PubMed: 27148825] 

15. Nishihara R, Wu K, Lochhead P, Morikawa T, et al. Long-term colorectal-cancer incidence and 
mortality after lower endoscopy. N Engl J Med. 2013; 369:1095–1105. [PubMed: 24047059] 

16. Ogino S, Nosho K, Irahara N, et al. Lymphocytic reaction to colorectal cancer is associated with 
longer survival, independent of lymph node count, microsatellite instability, and CpG island 
methylator phenotype. Clin Cancer Res. 2009; 15:6412–6420. [PubMed: 19825961] 

17. Ogino S, Nosho K, Kirkner GJ, et al. CpG island methylator phenotype, microsatellite instability, 
BRAF mutation and clinical outcome in colon cancer. Gut. 2009; 58:90–96. [PubMed: 18832519] 

18. Ogino S, Kawasaki T, Brahmandam M, et al. Precision and performance characteristics of bisulfite 
conversion and real-time PCR (MethyLight) for quantitative DNA methylation analysis. J Mol 
Diagn. 2006; 8:209–217. [PubMed: 16645207] 

19. Nosho K, Irahara N, Shima K, Kure S, et al. Comprehensive biostatistical analysis of CpG island 
methylator phenotype in colorectal cancer using a large population-based sample. PloS one. 2008; 
3:e3698. [PubMed: 19002263] 

20. Chan AT, Ogino S, Fuchs CS. Aspirin and the risk of colorectal cancer in relation to the expression 
of COX-2. N Engl J Med. 2007; 356:2131–2142. [PubMed: 17522398] 

21. Mansournia MA, Altman DG. Inverse probability weighting. BMJ. 2016; 352:i189. [PubMed: 
26773001] 

22. Wang M, Spiegelman D, Kuchiba A, et al. Statistical methods for studying disease subtype 
heterogeneity. Stat Med. 2016; 35:782–800. [PubMed: 26619806] 

23. Ogino S, Nishihara R, VanderWeele TJ, et al. Review Article: The Role of Molecular Pathological 
Epidemiology in the Study of Neoplastic and Non-neoplastic Diseases in the Era of Precision 
Medicine. Epidemiology. 2016; 27:602–611. [PubMed: 26928707] 

24. Robins J. The control of confounding by intermediate variables. Stat Med. 1989; 8:679–701. 
[PubMed: 2749074] 

25. Hernan MA, Brumback B, Robins JM. Marginal structural models to estimate the causal effect of 
zidovudine on the survival of HIV-positive men. Epidemiology. 2000; 11:561–570. [PubMed: 
10955409] 

26. Cole SR, Hernan MA, Robins JM, et al. Effect of highly active antiretroviral therapy on time to 
acquired immunodeficiency syndrome or death using marginal structural models. Am J Epidemiol. 
2003; 158:687–694. [PubMed: 14507605] 

27. Nishihara R, Lochhead P, Kuchiba A, Jung S, et al. Aspirin use and risk of colorectal cancer 
according to BRAF mutation status. JAMA. 2013; 309:2563–2571. [PubMed: 23800934] 

Liu et al. Page 13

Gastroenterology. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



28. Colussi D, Brandi G, Bazzoli F, et al. Molecular pathways involved in colorectal cancer: 
implications for disease behavior and prevention. Int J Mol Sci. 2013; 14:16365–16385. [PubMed: 
23965959] 

29. Kocarnik JM, Shiovitz S, Phipps AI. Molecular phenotypes of colorectal cancer and potential 
clinical applications. Gastroenterol Rep (Oxf). 2015; 3:269–276. [PubMed: 26337942] 

30. Serafino A, Sferrazza G, Colini Baldeschi A, et al. Developing drugs that target the Wnt pathway: 
recent approaches in cancer and neurodegenerative diseases. Expert Opin Drug Discov. 2017; 
12:169–186. [PubMed: 27960558] 

31. Rescigno T, Micolucci L, Tecce MF, et al. Bioactive Nutrients and Nutrigenomics in Age-Related 
Diseases. Molecules. 2017; 22:105. pii: E105. 

32. Samraj AN, Pearce OM, Laubli H, et al. A red meat-derived glycan promotes inflammation and 
cancer progression. Proc Natl Acad Sci U S A. 2015; 112:542–547. [PubMed: 25548184] 

33. Azadbakht L, Esmaillzadeh A. Red meat intake is associated with metabolic syndrome and the 
plasma C-reactive protein concentration in women. J Nutr. 2009; 139:335–339. [PubMed: 
19074209] 

34. Lee JY, Zhao L, Hwang DH. Modulation of pattern recognition receptor-mediated inflammation 
and risk of chronic diseases by dietary fatty acids. Nutr Rev. 2010; 68:38–61. [PubMed: 
20041999] 

35. Liu T, Li J, Liu Y, et al. Short-chain fatty acids suppress lipopolysaccharide-induced production of 
nitric oxide and proinflammatory cytokines through inhibition of NF-kappaB pathway in 
RAW264.7 cells. Inflammation. 2012; 35:1676–1684. [PubMed: 22669487] 

36. Vinolo MA, Rodrigues HG, Nachbar RT, et al. Regulation of inflammation by short chain fatty 
acids. Nutrients. 2011; 3:858–876. [PubMed: 22254083] 

37. Tilg H. Diet and intestinal immunity. N Engl J Med. 2012; 366:181–183. [PubMed: 22236230] 

38. Tabung FK, Steck SE, Zhang J, et al. Construct validation of the dietary inflammatory index among 
postmenopausal women. Ann Epidemiol. 2015; 25:398–405. [PubMed: 25900255] 

39. Day SD, Enos RT, McClellan JL, et al. Linking inflammation to tumorigenesis in a mouse model 
of high-fat-diet-enhanced colon cancer. Cytokine. 2013; 64:454–462. [PubMed: 23735174] 

40. de Visser KE, Eichten A, Coussens LM. Paradoxical roles of the immune system during cancer 
development. Nat Rev Cancer. 2006; 6:24–37. [PubMed: 16397525] 

41. Yu H, Pardoll D, Jove R. STATs in cancer inflammation and immunity: a leading role for STAT3. 
Nat Rev Cancer. 2009; 9:798–809. [PubMed: 19851315] 

42. Elinav E, Nowarski R, Thaiss CA, Hu B, Jin C, et al. Inflammation-induced cancer: crosstalk 
between tumours, immune cells and microorganisms. Nat Rev Cancer. 2013; 13:759–771. 
[PubMed: 24154716] 

43. Lucas CL, Kuehn HS, Zhao F, et al. Dominant-activating germline mutations in the gene encoding 
the PI(3)K catalytic subunit p110delta result in T cell senescence and human immunodeficiency. 
Nat Immunol. 2014; 15:88–97. [PubMed: 24165795] 

44. Yu H, Kortylewski M, Pardoll D. Crosstalk between cancer and immune cells: role of STAT3 in the 
tumour microenvironment. Nat Rev Immunol. 2007; 7:41–51. [PubMed: 17186030] 

45. Vallejo AN, Weyand CM, Goronzy JJ. T-cell senescence: a culprit of immune abnormalities in 
chronic inflammation and persistent infection. Trends Mol Med. 2004; 10:119–124. [PubMed: 
15102354] 

46. Weyand CM, Brandes JC, Schmidt D, et al. Functional properties of CD4+ CD28- T cells in the 
aging immune system. Mech Ageing Dev. 1998; 102:131–147. [PubMed: 9720647] 

47. Bishop GA, Hostager BS. The CD40-CD154 interaction in B cell-T cell liaisons. Cytokine Growth 
Factor Rev. 2003; 14:297–309. [PubMed: 12787567] 

48. Zhang D, Shankar P, Xu Z, et al. Most antiviral CD8 T cells during chronic viral infection do not 
express high levels of perforin and are not directly cytotoxic. Blood. 2003; 101:226–235. 
[PubMed: 12393740] 

49. Saurwein-Teissl M, Lung TL, Marx F, et al. Lack of Antibody Production Following Immunization 
in Old Age: Association with CD8+CD28- T Cell Clonal Expansions and an Imbalance in the 
Production of Th1 and Th2 Cytokines. J Immunol. 2002; 168:5893–5899. [PubMed: 12023394] 

Liu et al. Page 14

Gastroenterology. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



50. Mlecnik B, Bindea G, Angell HK, et al. Integrative Analyses of Colorectal Cancer Show 
Immunoscore Is a Stronger Predictor of Patient Survival Than Microsatellite Instability. Immunity. 
2016; 44:698–711. [PubMed: 26982367] 

51. Galon J, Costes A, Sanchez-Cabo F, et al. Type, density, and location of immune cells within 
human colorectal tumors predict clinical outcome. Science. 2006; 313:1960–1964. [PubMed: 
17008531] 

52. Galon J, Mlecnik B, Bindea G, et al. Towards the introduction of the 'Immunoscore' in the 
classification of malignant tumours. J Pathol. 2014; 232:199–209. [PubMed: 24122236] 

53. Ogino S, Galon J, Fuchs CS, et al. Cancer immunology--analysis of host and tumor factors for 
personalized medicine. Nat Rev Clin Oncol. 2011; 8:711–719. [PubMed: 21826083] 

54. Rozek LS, Schmit SL, Greenson JK, et al. Tumor-Infiltrating Lymphocytes, Crohn's-Like 
Lymphoid Reaction, and Survival From Colorectal Cancer. J Natl Cancer Inst. 2016; 108:djw027.

55. Giannakis M, Mu XJ, Shukla SA, et al. Genomic Correlates of Immune-Cell Infiltrates in 
Colorectal Carcinoma. Cell Rep. 2016 pii: S2211-1247(16)30364-3. 

56. Di Caro G, Marchesi F, Laghi L, et al. Immune cells: plastic players along colorectal cancer 
progression. J Cell Mol Med. 2013; 17:1088–1095. [PubMed: 24151976] 

57. Ogino S, Chan AT, Fuchs CS, et al. Molecular pathological epidemiology of colorectal neoplasia: 
an emerging transdisciplinary and interdisciplinary field. Gut. 2011; 60:397–411. [PubMed: 
21036793] 

58. Khalili H, Gong J, Brenner H, et al. Identification of a common variant with potential pleiotropic 
effect on risk of inflammatory bowel disease and colorectal cancer. Carcinogenesis. 2015; 36:999–
1007. [PubMed: 26071399] 

59. Song M, Nishihara R, Wang M, Chan AT, et al. Plasma 25-hydroxyvitamin D and colorectal cancer 
risk according to tumour immunity status. Gut. 2016; 65:296–304. [PubMed: 25591978] 

60. Willett, WC., editor. Nutritional epidemiology. 2. New York: Oxford University Press; 2012. 

61. Marzbani E, Inatsuka C, Lu H, et al. The invisible arm of immunity in common cancer 
chemoprevention agents. Cancer Prev Res (Phila). 2013; 6:764–773. [PubMed: 23918793] 

62. Kensler TW, Spira A, Garber JE, et al. Transforming Cancer Prevention through Precision 
Medicine and Immune-oncology. Cancer Prev Res (Phila). 2016; 9:2–10. [PubMed: 26744449] 

Liu et al. Page 15

Gastroenterology. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liu et al. Page 16

Ta
b

le
 1

A
ge

-a
dj

us
te

d 
B

as
el

in
e 

C
ha

ra
ct

er
is

tic
s 

of
 P

ar
tic

ip
an

ts
 a

cr
os

s 
Q

ui
nt

ile
s 

of
 th

e 
E

m
pi

ri
ca

l D
ie

ta
ry

 I
nf

la
m

m
at

or
y 

Pa
tte

rn
 S

co
re

s 
in

 th
e 

Po
ol

ed
 C

oh
or

ts
 o

f 
th

e 

N
ur

se
s’

 H
ea

lth
 S

tu
dy

 (
W

om
en

, 1
98

4)
 a

nd
 th

e 
H

ea
lth

 P
ro

fe
ss

io
na

ls
 F

ol
lo

w
-u

p 
St

ud
y 

(M
en

, 1
98

6)
a

C
ha

ra
ct

er
is

ti
c

Q
ui

nt
ile

s 
of

 t
he

 E
m

pi
ri

ca
l D

ie
ta

ry
 I

nf
la

m
m

at
or

y 
P

at
te

rn
 (

E
D

IP
) 

Sc
or

es

Q
1 

(L
ow

es
t)

Q
2

Q
3

Q
4

Q
5 

(H
ig

he
st

)

Pa
rt

ic
ip

an
ts

, N
o.

25
,0

64
24

,8
82

24
,7

64
24

,8
83

24
,8

40

A
ge

, y
ea

rs
b

51
.9

 (
7.

9)
52

.6
 (

8.
3)

52
.5

 (
8.

5)
52

.5
 (

8.
7)

51
.6

 (
8.

7)

R
ac

e 
(w

hi
te

),
 %

96
96

95
94

93

B
od

y 
m

as
s 

in
de

x,
 k

g/
m

2
24

.4
 (

3.
5)

24
.7

 (
3.

7)
25

.1
 (

4.
0)

25
.6

 (
4.

4)
26

.5
 (

5.
1)

Fa
m

ily
 h

is
to

ry
 o

f 
co

lo
re

ct
al

 c
an

ce
r, 

%
8

9
8

8
8

Sm
ok

in
g,

 p
ac

k-
ye

ar
s

15
.9

 (
19

.3
)

13
.1

 (
17

.9
)

11
.7

 (
17

.3
)

11
.2

 (
17

.4
)

11
.9

 (
18

.2
)

W
ai

st
 h

ip
 r

at
io

0.
7 

(0
.3

)
0.

7 
(0

.3
)

0.
7 

(0
.3

)
0.

7 
(0

.3
)

0.
7 

(0
.4

)

E
ne

rg
y 

in
ta

ke
, k

ca
l/d

ay
17

68
 (

53
9)

16
96

 (
51

0)
16

97
 (

50
7)

17
65

 (
53

1)
19

94
 (

59
2)

To
ta

l a
ct

iv
ity

, M
E

T
S-

ho
ur

s/
w

ee
kc

18
.0

 (
25

.5
)

16
.7

 (
23

.4
)

15
.8

 (
22

.7
)

15
.2

 (
22

.4
)

14
.5

 (
22

.0
)

C
ur

re
nt

 m
ul

tiv
ita

m
in

 u
se

, %
41

40
39

38
36

H
is

to
ry

 o
f 

en
do

sc
op

y,
 %

35
35

34
35

34

To
ta

l a
lc

oh
ol

 in
ta

ke
, g

/d
ay

15
.8

 (
17

.4
)

8.
8 

(1
1.

5)
6.

7 
(1

0.
2)

5.
6 

(9
.5

)
5.

1 
(1

0.
0)

R
eg

ul
ar

 a
sp

ir
in

 u
se

, %
d

36
35

35
35

37

F
oo

d 
gr

ou
p 

co
m

po
ne

nt
s 

of
 t

he
 e

m
pi

ri
ca

l d
ie

ta
ry

 in
fl

am
m

at
or

y 
pa

tt
er

n

Pr
oc

es
se

d 
m

ea
t, 

se
rv

in
g/

da
y

0.
25

 (
0.

27
)

0.
26

 (
0.

27
)

0.
29

 (
0.

30
)

0.
34

 (
0.

34
)

0.
51

 (
0.

56
)

R
ed

 m
ea

t, 
se

rv
in

g/
da

y
0.

53
 (

0.
36

)
0.

55
 (

0.
37

)
0.

58
 (

0.
39

)
0.

65
 (

0.
40

)
0.

82
 (

0.
53

)

O
rg

an
 m

ea
t, 

se
rv

in
g/

da
y

0.
02

 (
0.

04
)

0.
02

 (
0.

04
)

0.
02

 (
0.

04
)

0.
02

 (
0.

04
)

0.
03

 (
0.

05
)

O
th

er
 f

is
h,

 s
er

vi
ng

/d
ay

0.
27

 (
0.

22
)

0.
28

 (
0.

22
)

0.
28

 (
0.

23
)

0.
31

 (
0.

25
)

0.
36

 (
0.

34
)

O
th

er
 v

eg
et

ab
le

, s
er

vi
ng

/d
ay

0.
79

 (
0.

64
)

0.
77

 (
0.

58
)

0.
78

 (
0.

60
)

0.
82

 (
0.

64
)

0.
98

 (
0.

92
)

R
ef

in
ed

 g
ra

in
, s

er
vi

ng
/d

ay
0.

92
 (

0.
74

)
1.

00
 (

0.
79

)
1.

12
 (

0.
90

)
1.

33
 (

1.
04

)
1.

88
 (

1.
43

)

H
ig

h 
en

er
gy

 b
ev

er
ag

e,
 s

er
vi

ng
/d

ay
0.

15
 (

0.
28

)
0.

19
 (

0.
32

)
0.

24
 (

0.
39

)
0.

32
 (

0.
48

)
0.

69
 (

1.
02

)

L
ow

 e
ne

rg
y 

be
ve

ra
ge

, s
er

vi
ng

/d
ay

0.
36

 (
0.

65
)

0.
40

 (
0.

68
)

0.
45

 (
0.

74
)

0.
58

 (
0.

90
)

1.
07

 (
1.

65
)

To
m

at
o,

 s
er

vi
ng

/d
ay

0.
51

 (
0.

40
)

0.
51

 (
0.

39
)

0.
53

 (
0.

39
)

0.
58

 (
0.

42
)

0.
73

 (
0.

68
)

B
ee

r, 
se

rv
in

g/
da

y
0.

38
 (

0.
92

)
0.

17
 (

0.
43

)
0.

11
 (

0.
31

)
0.

08
 (

0.
27

)
0.

07
 (

0.
23

)

W
in

e,
 s

er
vi

ng
/d

ay
0.

66
 (

0.
96

)
0.

26
 (

0.
37

)
0.

17
 (

0.
27

)
0.

12
 (

0.
21

)
0.

09
 (

0.
19

)

Gastroenterology. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liu et al. Page 17

C
ha

ra
ct

er
is

ti
c

Q
ui

nt
ile

s 
of

 t
he

 E
m

pi
ri

ca
l D

ie
ta

ry
 I

nf
la

m
m

at
or

y 
P

at
te

rn
 (

E
D

IP
) 

Sc
or

es

Q
1 

(L
ow

es
t)

Q
2

Q
3

Q
4

Q
5 

(H
ig

he
st

)

Te
a,

 s
er

vi
ng

/d
ay

0.
62

 (
1.

15
)

0.
62

 (
1.

09
)

0.
60

 (
1.

03
)

0.
58

 (
1.

00
)

0.
55

 (
0.

97
)

C
of

fe
e,

 s
er

vi
ng

/d
ay

3.
80

 (
2.

08
)

2.
76

 (
1.

80
)

2.
04

 (
1.

63
)

1.
58

 (
1.

51
)

1.
25

 (
1.

40
)

D
ar

k 
ye

llo
w

 v
eg

et
ab

le
, s

er
vi

ng
/d

ay
0.

37
 (

0.
48

)
0.

32
 (

0.
32

)
0.

30
 (

0.
28

)
0.

29
 (

0.
27

)
0.

28
 (

0.
27

)

G
re

en
 le

af
y 

ve
ge

ta
bl

e,
 s

er
vi

ng
/d

ay
1.

04
 (

0.
92

)
0.

83
 (

0.
59

)
0.

74
 (

0.
53

)
0.

69
 (

0.
50

)
0.

67
 (

0.
53

)

Sn
ac

k,
 s

er
vi

ng
/d

ay
0.

80
 (

1.
23

)
0.

61
 (

0.
89

)
0.

54
 (

0.
76

)
0.

52
 (

0.
70

)
0.

56
 (

0.
72

)

Fr
ui

t j
ui

ce
, s

er
vi

ng
/d

ay
0.

85
 (

1.
03

)
0.

79
 (

0.
82

)
0.

74
 (

0.
73

)
0.

71
 (

0.
68

)
0.

69
 (

0.
72

)

Pi
zz

a,
 s

er
vi

ng
/d

ay
0.

10
 (

0.
13

)
0.

07
 (

0.
08

)
0.

07
 (

0.
07

)
0.

06
 (

0.
06

)
0.

06
 (

0.
06

)

A
bb

re
vi

at
io

ns
: M

E
T

S,
 m

et
ab

ol
ic

 e
qu

iv
al

en
t t

as
k 

sc
or

e.

a T
he

 m
ea

n 
±

 s
ta

nd
ar

d 
de

vi
at

io
n 

(S
D

) 
fo

r 
co

nt
in

uo
us

 v
ar

ia
bl

es
 a

nd
 p

er
ce

nt
ag

e 
fo

r 
ca

te
go

ri
ca

l v
ar

ia
bl

es
.

b A
ll 

va
ri

ab
le

s 
ar

e 
ag

e 
st

an
da

rd
iz

ed
 e

xc
ep

t a
ge

.

c Ph
ys

ic
al

 a
ct

iv
ity

 is
 r

ep
re

se
nt

ed
 b

y 
th

e 
pr

od
uc

t s
um

 o
f 

th
e 

M
E

T
S 

of
 e

ac
h 

sp
ec

if
ic

 r
ec

re
at

io
na

l a
ct

iv
ity

 a
nd

 h
ou

rs
 s

pe
nt

 o
n 

th
at

 a
ct

iv
ity

 p
er

 w
ee

k.

d A
 s

ta
nd

ar
d 

ta
bl

et
 c

on
ta

in
s 

32
5 

m
g 

as
pi

ri
n,

 a
nd

 r
eg

ul
ar

 u
se

rs
 w

er
e 

de
fi

ne
d 

as
 th

os
e 

w
ho

 u
se

d 
at

 le
as

t t
w

o 
ta

bl
et

s 
pe

r 
w

ee
k.

Gastroenterology. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liu et al. Page 18

Ta
b

le
 2

E
m

pi
ri

ca
l D

ie
ta

ry
 I

nf
la

m
m

at
or

y 
Pa

tte
rn

 S
co

re
s 

an
d 

R
is

k 
of

 C
ol

or
ec

ta
l C

an
ce

r 
by

 C
om

po
ne

nt
s 

of
 L

ym
ph

oc
yt

ic
 R

ea
ct

io
n 

in
 th

e 
Po

ol
ed

 C
oh

or
ts

 o
f 

th
e 

N
ur

se
s’

 H
ea

lth
 S

tu
dy

 (
W

om
en

) 
an

d 
th

e 
H

ea
lth

 P
ro

fe
ss

io
na

ls
 F

ol
lo

w
-u

p 
St

ud
y 

(M
en

)

A
na

ly
si

s
Q

ui
nt

ile
s 

of
 t

he
 E

m
pi

ri
ca

l D
ie

ta
ry

 I
nf

la
m

m
at

or
y 

P
at

te
rn

 (
E

D
IP

) 
Sc

or
es

P
tr

en
da

P
he

te
ro

ge
ne

it
yb

Q
1 

(L
ow

es
t)

Q
2

Q
3

Q
4

Q
5 

(H
ig

he
st

)

   
 P

er
so

n-
ye

ar
s

62
5,

36
7

62
0,

57
8

58
4,

98
7

59
7,

92
4

56
9,

40
2

O
ve

ra
ll 

co
lo

re
ct

al
 c

an
ce

r

   
 N

 o
f 

ca
se

s 
(n

=
13

11
)

27
7

24
8

25
9

25
7

27
0

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
82

 (
0.

72
–0

.9
3)

0.
88

 (
0.

77
–0

.9
9)

0.
92

 (
0.

81
–1

.0
4)

1.
06

 (
0.

94
–1

.2
0)

.1
7

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

0.
86

 (
0.

75
–0

.9
8)

0.
93

 (
0.

82
–1

.0
6)

0.
99

 (
0.

87
–1

.1
3)

1.
14

 (
0.

99
–1

.3
0)

.0
2

C
ro

hn
’s

-l
ik

e 
ly

m
ph

oi
d 

re
ac

ti
on

.5
5

A
bs

en
t/l

ow

   
 N

 o
f 

ca
se

s 
(n

=
81

3)
16

8
15

7
16

4
16

3
16

1

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
85

 (
0.

68
–1

.0
7)

0.
89

 (
0.

71
–1

.1
1)

0.
95

 (
0.

77
–1

.1
9)

1.
02

 (
0.

82
–1

.2
8)

.6
5

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

0.
90

 (
0.

72
–1

.1
2)

0.
95

 (
0.

76
–1

.1
9)

1.
02

 (
0.

82
–1

.2
8)

1.
10

 (
0.

88
–1

.3
8)

.2
8

In
te

rm
ed

ia
te

   
 N

 o
f 

ca
se

s 
(n

=
18

3)
37

39
28

33
46

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
90

 (
0.

57
–1

.4
2)

0.
67

 (
0.

41
–1

.1
0)

0.
87

 (
0.

54
–1

.4
0)

1.
39

 (
0.

90
–2

.1
6)

.2
1

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

0.
93

 (
0.

59
–1

.4
7)

0.
71

 (
0.

43
–1

.1
7)

0.
92

 (
0.

57
–1

.5
0)

1.
47

 (
0.

94
–2

.3
0)

.1
4

H
ig

h

   
 N

 o
f 

ca
se

s 
(n

=
80

)
20

13
18

13
16

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
54

 (
0.

27
–1

.1
0)

0.
83

 (
0.

44
–1

.5
7)

0.
60

 (
0.

29
–1

.2
4)

0.
92

 (
0.

47
–1

.7
9)

.7
4

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

0.
57

 (
0.

28
–1

.1
4)

0.
88

 (
0.

47
–1

.6
3)

0.
65

 (
0.

31
–1

.3
4)

0.
98

 (
0.

51
–1

.9
1)

.8
7

P
er

it
um

or
al

 ly
m

ph
oc

yt
ic

 r
ea

ct
io

n
<

.0
01

A
bs

en
t/l

ow

   
 N

 o
f 

ca
se

s 
(n

=
18

2)
27

31
32

41
51

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
25

 (
0.

73
–2

.1
4)

1.
20

 (
0.

70
–2

.0
5)

1.
59

 (
0.

96
–2

.6
3)

2.
41

 (
1.

49
–3

.9
0)

<
.0

01

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

1.
31

 (
0.

77
–2

.2
5)

1.
28

 (
0.

74
–2

.1
9)

1.
71

 (
1.

03
–2

.8
4)

2.
60

 (
1.

60
–4

.2
3)

<
.0

01

Gastroenterology. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liu et al. Page 19

A
na

ly
si

s
Q

ui
nt

ile
s 

of
 t

he
 E

m
pi

ri
ca

l D
ie

ta
ry

 I
nf

la
m

m
at

or
y 

P
at

te
rn

 (
E

D
IP

) 
Sc

or
es

P
tr

en
da

P
he

te
ro

ge
ne

it
yb

Q
1 

(L
ow

es
t)

Q
2

Q
3

Q
4

Q
5 

(H
ig

he
st

)

In
te

rm
ed

ia
te

   
 N

 o
f 

ca
se

s 
(n

=
90

7)
20

5
17

1
17

6
17

1
18

4

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
73

 (
0.

59
–0

.9
1)

0.
78

 (
0.

63
–0

.9
6)

0.
81

 (
0.

66
–1

.0
0)

0.
92

 (
0.

75
–1

.1
3)

.6
5

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

0.
77

 (
0.

62
–0

.9
5)

0.
84

 (
0.

68
–1

.0
3)

0.
88

 (
0.

71
–1

.0
9)

0.
99

 (
0.

80
–1

.2
2)

.8
1

H
ig

h

   
 N

 o
f 

ca
se

s 
(n

=
21

6)
44

43
50

45
34

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
92

 (
0.

60
–1

.4
0)

1.
10

 (
0.

73
–1

.6
7)

1.
06

 (
0.

70
–1

.6
2)

0.
86

 (
0.

54
–1

.3
7)

.7
9

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

0.
95

 (
0.

63
–1

.4
4)

1.
16

 (
0.

77
–1

.7
5)

1.
11

 (
0.

73
–1

.7
0)

0.
91

 (
0.

57
–1

.4
5)

.9
9

In
tr

at
um

or
al

 p
er

ig
la

nd
ul

ar
 r

ea
ct

io
n

.0
4

A
bs

en
t/l

ow

   
 N

 o
f 

ca
se

s 
(n

=
16

4)
31

25
31

38
39

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
91

 (
0.

53
–1

.5
8)

1.
06

 (
0.

63
–1

.8
0)

1.
39

 (
0.

84
–2

.2
8)

1.
74

 (
1.

07
–2

.8
4)

.0
07

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

0.
95

 (
0.

55
–1

.6
5)

1.
12

 (
0.

66
–1

.9
0)

1.
49

 (
0.

91
–2

.4
6)

1.
87

 (
1.

15
–3

.0
5)

.0
03

In
te

rm
ed

ia
te

   
 N

 o
f 

ca
se

s 
(n

=
97

6)
21

6
18

5
18

8
18

2
20

5

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
78

 (
0.

63
–0

.9
5)

0.
80

 (
0.

65
–0

.9
7)

0.
82

 (
0.

67
–1

.0
0)

0.
98

 (
0.

81
–1

.2
0)

.9
6

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

0.
81

 (
0.

66
–1

.0
0)

0.
85

 (
0.

69
–1

.0
4)

0.
88

 (
0.

72
–1

.0
8)

1.
06

 (
0.

86
–1

.3
0)

.5
0

H
ig

h

   
 N

 o
f 

ca
se

s 
(n

=
17

0)
30

37
40

37
26

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
01

 (
0.

62
–1

.6
4)

1.
26

 (
0.

78
–2

.0
6)

1.
23

 (
0.

75
–2

.0
2)

0.
90

 (
0.

52
–1

.5
6)

.9
4

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

1.
04

 (
0.

65
–1

.6
9)

1.
34

 (
0.

82
–2

.1
8)

1.
30

 (
0.

79
–2

.1
4)

0.
96

 (
0.

55
–1

.6
5)

.7
2

Tu
m

or
-i

nf
ilt

ra
ti

ng
 ly

m
ph

oc
yt

es
.5

2

A
bs

en
t/l

ow

   
 N

 o
f 

ca
se

s 
(n

=
98

4)
20

7
18

7
20

0
18

9
20

1

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
83

 (
0.

67
–1

.0
2)

0.
89

 (
0.

73
–1

.0
9)

0.
89

 (
0.

73
–1

.0
9)

1.
02

 (
0.

84
–1

.2
5)

.6
9

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

0.
86

 (
0.

70
–1

.0
6)

0.
95

 (
0.

77
–1

.1
6)

0.
96

 (
0.

78
–1

.1
8)

1.
10

 (
0.

90
–1

.3
5)

.2
7

In
te

rm
ed

ia
te

Gastroenterology. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liu et al. Page 20

A
na

ly
si

s
Q

ui
nt

ile
s 

of
 t

he
 E

m
pi

ri
ca

l D
ie

ta
ry

 I
nf

la
m

m
at

or
y 

P
at

te
rn

 (
E

D
IP

) 
Sc

or
es

P
tr

en
da

P
he

te
ro

ge
ne

it
yb

Q
1 

(L
ow

es
t)

Q
2

Q
3

Q
4

Q
5 

(H
ig

he
st

)

   
 N

 o
f 

ca
se

s 
(n

=
19

9)
41

38
34

40
46

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
90

 (
0.

57
–1

.4
2)

0.
82

 (
0.

51
–1

.3
2)

1.
07

 (
0.

68
–1

.6
7)

1.
33

 (
0.

85
–2

.0
6)

.1
5

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

0.
94

 (
0.

59
–1

.4
7)

0.
87

 (
0.

54
–1

.4
1)

1.
14

 (
0.

73
–1

.7
8)

1.
41

 (
0.

91
–2

.1
9)

.0
9

H
ig

h

   
 N

 o
f 

ca
se

s 
(n

=
12

8)
29

23
25

28
23

   
 A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
65

 (
0.

38
–1

.1
1)

0.
83

 (
0.

48
–1

.4
3)

0.
95

 (
0.

56
–1

.6
2)

0.
95

 (
0.

54
–1

.6
7)

.8
3

   
 M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
d

1 
(r

ef
er

en
t)

0.
68

 (
0.

40
–1

.1
7)

0.
88

 (
0.

51
–1

.5
2)

1.
02

 (
0.

60
–1

.7
4)

1.
03

 (
0.

59
–1

.8
2)

.6
3

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; H

R
, h

az
ar

d 
ra

tio
.

a L
in

ea
r 

tr
en

d 
te

st
 u

si
ng

 th
e 

m
ed

ia
n 

va
lu

e 
of

 e
ac

h 
E

D
IP

 s
co

re
 q

ui
nt

ile
.

b T
he

 W
al

d 
te

st
 w

as
 u

se
d 

to
 te

st
 f

or
 th

e 
he

te
ro

ge
ne

ity
 o

f 
th

e 
as

so
ci

at
io

ns
 b

et
w

ee
n 

th
e 

E
D

IP
 s

co
re

s 
an

d 
co

lo
re

ct
al

 c
an

ce
r 

ri
sk

 a
cc

or
di

ng
 to

 th
e 

co
m

po
ne

nt
s 

of
 ly

m
ph

oc
yt

ic
 r

ea
ct

io
n.

 T
he

 h
et

er
og

en
ei

ty
 te

st
 w

as
 

ad
ju

st
ed

 f
or

 ti
m

e-
va

ry
in

g 
pa

ck
-y

ea
rs

 o
f 

sm
ok

in
g 

(0
 v

s.
 1

–1
9 

vs
. 2

0–
39

 v
s.

 ≥
40

 p
ac

k-
ye

ar
s)

, f
am

ily
 h

is
to

ry
 o

f 
co

lo
re

ct
al

 c
an

ce
r, 

en
do

sc
op

y 
st

at
us

, p
hy

si
ca

l a
ct

iv
ity

 le
ve

l [
qu

in
til

es
 o

f 
m

ea
n 

m
et

ab
ol

ic
 

eq
ui

va
le

nt
 ta

sk
 s

co
re

 (
M

E
T

S)
 -

 h
ou

rs
 p

er
 w

ee
k]

, t
ot

al
 e

ne
rg

y 
in

ta
ke

 (
qu

in
til

es
 o

f 
kc

al
/d

ay
),

 to
ta

l a
lc

oh
ol

 in
ta

ke
 (

0 
vs

. 1
–5

 v
s.

 6
–1

5 
vs

. >
15

 g
/d

ay
),

 c
ur

re
nt

 m
ul

tiv
ita

m
in

 u
se

 a
nd

 r
eg

ul
ar

 a
sp

ir
in

 u
se

.

c D
up

lic
at

io
n-

m
et

ho
d 

C
ox

 p
ro

po
rt

io
na

l c
au

se
-s

pe
ci

fi
c 

ha
za

rd
s 

re
gr

es
si

on
 w

ei
gh

te
d 

by
 in

ve
rs

e 
pr

ob
ab

ili
tie

s 
ba

se
d 

on
 im

m
un

e 
m

ar
ke

r 
av

ai
la

bi
lit

y 
fo

r 
co

m
pe

tin
g 

ri
sk

s 
da

ta
 w

as
 u

se
d 

to
 c

om
pu

te
 H

R
s 

an
d 

95
%

 
C

Is
. A

ll 
an

al
ys

es
 w

er
e 

st
ra

tif
ie

d 
by

 a
ge

 (
in

 m
on

th
),

 y
ea

r 
of

 q
ue

st
io

nn
ai

re
 r

et
ur

n 
an

d 
se

x.

d M
ul

tiv
ar

ia
bl

e 
H

R
 w

as
 f

ur
th

er
 a

dj
us

te
d 

fo
r 

tim
e-

va
ry

in
g 

pa
ck

-y
ea

rs
 o

f 
sm

ok
in

g 
(0

 v
s.

 1
–1

9 
vs

. 2
0–

39
 v

s.
 ≥

40
 p

ac
k-

ye
ar

s)
, f

am
ily

 h
is

to
ry

 o
f 

co
lo

re
ct

al
 c

an
ce

r, 
en

do
sc

op
y 

st
at

us
, p

hy
si

ca
l a

ct
iv

ity
 le

ve
l 

(q
ui

nt
ile

s 
of

 M
E

T
S 

- 
ho

ur
s 

pe
r 

w
ee

k)
, t

ot
al

 e
ne

rg
y 

in
ta

ke
 (

qu
in

til
es

 o
f 

kc
al

/d
ay

),
 to

ta
l a

lc
oh

ol
 in

ta
ke

 (
0 

vs
. 1

–5
 v

s.
 6

–1
5 

vs
. >

15
 g

/d
ay

),
 c

ur
re

nt
 m

ul
tiv

ita
m

in
 u

se
 a

nd
 r

eg
ul

ar
 a

sp
ir

in
 u

se
.

Gastroenterology. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liu et al. Page 21

Ta
b

le
 3

E
m

pi
ri

ca
l D

ie
ta

ry
 I

nf
la

m
m

at
or

y 
Pa

tte
rn

 S
co

re
s 

an
d 

R
is

k 
of

 C
ol

or
ec

ta
l C

an
ce

r 
by

 M
ic

ro
sa

te
lli

te
 I

ns
ta

bi
lit

y,
 C

pG
 I

sl
an

d 
M

et
hy

la
to

r 
Ph

en
ot

yp
e,

 B
R

A
F 

M
ut

at
io

n,
 P

T
G

S2
 E

xp
re

ss
io

n 
an

d 
Pe

ri
tu

m
or

al
 L

ym
ph

oc
yt

ic
 R

ea
ct

io
n

Tu
m

or
 C

ha
ra

ct
er

is
ti

c
P

er
it

um
or

al
 L

ym
ph

oc
yt

ic
R

ea
ct

io
n

Q
ui

nt
ile

s 
of

 t
he

 E
m

pi
ri

ca
l D

ie
ta

ry
 I

nf
la

m
m

at
or

y 
P

at
te

rn
 (

E
D

IP
) 

Sc
or

es

P
tr

en
da

Q
1 

(L
ow

es
t)

Q
2

Q
3

Q
4

Q
5 

(H
ig

he
st

)

M
ic

ro
sa

te
lli

te
 in

st
ab

ili
ty

   
 N

on
-M

SI
-h

ig
h

A
bs

en
t/l

ow

   
N

 o
f 

ca
se

s 
(n

=
14

2)
23

26
23

32
38

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

1.
18

 (
0.

66
–2

.1
1)

0.
96

 (
0.

52
–1

.7
4)

1.
47

 (
0.

84
–2

.5
8)

2.
19

 (
1.

29
–3

.7
4)

.0
03

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
24

 (
0.

69
–2

.2
2)

1.
03

 (
0.

56
–1

.8
8)

1.
60

 (
0.

91
–2

.8
0)

2.
40

 (
1.

40
–4

.1
0)

<
.0

01

In
te

rm
ed

ia
te

   
N

 o
f 

ca
se

s 
(n

=
70

5)
15

9
13

8
13

6
13

5
13

7

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
78

 (
0.

61
–0

.9
8)

0.
79

 (
0.

62
–1

.0
0)

0.
86

 (
0.

68
–1

.0
9)

0.
96

 (
0.

76
–1

.2
2)

.9
9

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
81

 (
0.

64
–1

.0
3)

0.
85

 (
0.

67
–1

.0
8)

0.
94

 (
0.

74
–1

.1
9)

1.
04

 (
0.

82
–1

.3
2)

.4
8

H
ig

h

   
N

 o
f 

ca
se

s 
(n

=
11

3)
22

27
22

25
17

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

1.
14

 (
0.

65
–2

.0
0)

1.
04

 (
0.

57
–1

.8
9)

1.
05

 (
0.

58
–1

.8
9)

0.
83

 (
0.

42
–1

.6
2)

.5
7

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
17

 (
0.

67
–2

.0
5)

1.
10

 (
0.

61
–2

.0
0)

1.
12

 (
0.

62
–2

.0
1)

0.
86

 (
0.

45
–1

.6
7)

.7
0

   
 M

SI
-h

ig
h

A
bs

en
t/l

ow

   
N

 o
f 

ca
se

s 
(n

=
9)

0
1

2
5

1

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

-
-

-
-

-

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

-
-

-
-

-

In
te

rm
ed

ia
te

   
N

 o
f 

ca
se

s 
(n

=
10

2)
21

16
25

18
22

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
68

 (
0.

34
–1

.3
5)

1.
09

 (
0.

60
–1

.9
8)

0.
77

 (
0.

40
–1

.4
6)

1.
05

 (
0.

56
–1

.9
5)

.7
8

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
72

 (
0.

36
–1

.4
4)

1.
17

 (
0.

65
–2

.1
2)

0.
83

 (
0.

44
–1

.5
9)

1.
13

 (
0.

60
–2

.1
1)

.6
1

H
ig

h

   
N

 o
f 

ca
se

s 
(n

=
73

)
16

15
19

11
12

Gastroenterology. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liu et al. Page 22

Tu
m

or
 C

ha
ra

ct
er

is
ti

c
P

er
it

um
or

al
 L

ym
ph

oc
yt

ic
R

ea
ct

io
n

Q
ui

nt
ile

s 
of

 t
he

 E
m

pi
ri

ca
l D

ie
ta

ry
 I

nf
la

m
m

at
or

y 
P

at
te

rn
 (

E
D

IP
) 

Sc
or

es

P
tr

en
da

Q
1 

(L
ow

es
t)

Q
2

Q
3

Q
4

Q
5 

(H
ig

he
st

)

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
83

 (
0.

42
–1

.6
7)

1.
08

 (
0.

55
–2

.1
0)

0.
74

 (
0.

34
–1

.6
3)

0.
89

 (
0.

42
–1

.8
8)

.6
8

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
88

 (
0.

45
–1

.7
5)

1.
15

 (
0.

59
–2

.2
5)

0.
79

 (
0.

36
–1

.7
2)

0.
97

 (
0.

46
–2

.0
7)

.8
6

C
pG

 is
la

nd
 m

et
hy

la
to

r 
ph

en
ot

yp
e 

(C
IM

P
)

   
 C

IM
P

-l
ow

/n
eg

at
iv

e
A

bs
en

t/l
ow

   
N

 o
f 

ca
se

s 
(n

=
12

9)
19

23
23

31
33

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

1.
33

 (
0.

70
–2

.5
3)

1.
26

 (
0.

67
–2

.3
8)

1.
70

 (
0.

93
–3

.1
0)

2.
38

 (
1.

33
–4

.2
7)

.0
02

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
41

 (
0.

74
–2

.6
7)

1.
36

 (
0.

72
–2

.5
7)

1.
84

 (
1.

00
–3

.3
7)

2.
57

 (
1.

44
–4

.6
1)

<
.0

01

In
te

rm
ed

ia
te

   
N

 o
f 

ca
se

s 
(n

=
68

1)
15

6
13

7
12

8
12

4
13

6

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
74

 (
0.

59
–0

.9
4)

0.
77

 (
0.

60
–0

.9
8)

0.
79

 (
0.

62
–1

.0
1)

0.
89

 (
0.

70
–1

.1
3)

.4
8

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
78

 (
0.

61
–0

.9
9)

0.
83

 (
0.

65
–1

.0
6)

0.
85

 (
0.

66
–1

.0
9)

0.
95

 (
0.

75
–1

.2
1)

.8
9

H
ig

h

   
N

 o
f 

ca
se

s 
(n

=
10

5)
20

25
21

23
16

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

1.
25

 (
0.

69
–2

.2
6)

1.
03

 (
0.

54
–1

.9
7)

1.
09

 (
0.

59
–2

.0
1)

0.
92

 (
0.

46
–1

.8
6)

.8
0

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
31

 (
0.

73
–2

.3
6)

1.
09

 (
0.

57
–2

.0
8)

1.
15

 (
0.

62
–2

.1
3)

0.
97

 (
0.

48
–1

.9
2)

.9
2

   
 C

IM
P

-h
ig

h

A
bs

en
t/l

ow

   
N

 o
f 

ca
se

s 
(n

=
16

)
3

4
2

4
3

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

1.
66

 (
0.

34
–8

.1
8)

0.
83

 (
0.

14
–4

.9
2)

1.
64

 (
0.

36
–7

.5
2)

1.
92

 (
0.

38
–9

.6
0)

.4
4

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
67

 (
0.

34
–8

.2
6)

0.
85

 (
0.

14
–5

.0
5)

1.
78

 (
0.

38
–8

.2
4)

2.
02

 (
0.

40
–1

0.
16

)
.3

9

In
te

rm
ed

ia
te

   
N

 o
f 

ca
se

s 
(n

=
11

0)
22

16
25

25
22

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
70

 (
0.

36
–1

.3
8)

0.
95

 (
0.

53
–1

.7
2)

1.
08

 (
0.

60
–1

.9
3)

1.
07

 (
0.

58
–1

.9
8)

.5
9

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
75

 (
0.

38
–1

.4
7)

1.
03

 (
0.

58
–1

.8
5)

1.
19

 (
0.

67
–2

.1
3)

1.
13

 (
0.

61
–2

.0
8)

.4
4

H
ig

h

   
N

 o
f 

ca
se

s 
(n

=
64

)
13

15
17

10
9

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
83

 (
0.

40
–1

.7
2)

1.
13

 (
0.

55
–2

.3
3)

0.
75

 (
0.

32
–1

.7
4)

0.
64

 (
0.

27
–1

.5
1)

.2
6

Gastroenterology. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liu et al. Page 23

Tu
m

or
 C

ha
ra

ct
er

is
ti

c
P

er
it

um
or

al
 L

ym
ph

oc
yt

ic
R

ea
ct

io
n

Q
ui

nt
ile

s 
of

 t
he

 E
m

pi
ri

ca
l D

ie
ta

ry
 I

nf
la

m
m

at
or

y 
P

at
te

rn
 (

E
D

IP
) 

Sc
or

es

P
tr

en
da

Q
1 

(L
ow

es
t)

Q
2

Q
3

Q
4

Q
5 

(H
ig

he
st

)

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
87

 (
0.

43
–1

.7
9)

1.
22

 (
0.

60
–2

.4
9)

0.
78

 (
0.

33
–1

.8
1)

0.
69

 (
0.

29
–1

.6
2)

.3
4

B
R

A
F

   
 W

ild
-t

yp
e

A
bs

en
t/l

ow

   
N

 o
f 

ca
se

s 
(n

=
13

0)
20

22
21

30
37

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

1.
19

 (
0.

64
–2

.2
4)

1.
13

 (
0.

60
–2

.1
3)

1.
56

 (
0.

86
–2

.8
2)

2.
61

 (
1.

49
–4

.5
8)

<
.0

01

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
27

 (
0.

68
–2

.3
8)

1.
23

 (
0.

65
–2

.3
1)

1.
71

 (
0.

94
–3

.1
0)

2.
85

 (
1.

63
–4

.9
9)

<
.0

01

In
te

rm
ed

ia
te

   
N

 o
f 

ca
se

s 
(n

=
71

7)
15

5
14

1
14

3
13

5
14

3

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
79

 (
0.

62
–1

.0
0)

0.
87

 (
0.

69
–1

.1
0)

0.
87

 (
0.

69
–1

.1
1)

1.
00

 (
0.

79
–1

.2
7)

.7
5

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
84

 (
0.

66
–1

.0
6)

0.
94

 (
0.

74
–1

.1
9)

0.
95

 (
0.

75
–1

.2
2)

1.
08

 (
0.

85
–1

.3
7)

.3
3

H
ig

h

   
N

 o
f 

ca
se

s 
(n

=
13

9)
27

31
32

29
20

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

1.
05

 (
0.

63
–1

.7
7)

1.
14

 (
0.

67
–1

.9
4)

0.
97

 (
0.

57
–1

.6
6)

0.
79

 (
0.

42
–1

.4
7)

.4
3

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
11

 (
0.

67
–1

.8
7)

1.
22

 (
0.

72
–2

.0
7)

1.
05

 (
0.

61
–1

.7
9)

0.
83

 (
0.

45
–1

.5
3)

.5
8

   
 M

ut
an

t

A
bs

en
t/l

ow

   
N

 o
f 

ca
se

s 
(n

=
20

)
3

5
4

5
3

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

1.
42

 (
0.

33
–6

.0
8)

0.
77

 (
0.

17
–3

.3
8)

1.
25

 (
0.

31
–5

.0
5)

0.
87

 (
0.

18
–4

.1
0)

.8
7

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
47

 (
0.

35
–6

.2
0)

0.
82

 (
0.

19
–3

.6
5)

1.
34

 (
0.

33
–5

.5
0)

0.
95

 (
0.

20
–4

.5
4)

.9
9

In
te

rm
ed

ia
te

   
N

 o
f 

ca
se

s 
(n

=
10

1)
29

16
18

18
20

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
50

 (
0.

27
–0

.9
3)

0.
50

 (
0.

27
–0

.9
1)

0.
57

 (
0.

31
–1

.0
5)

0.
85

 (
0.

48
–1

.5
2)

.6
0

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
53

 (
0.

28
–0

.9
8)

0.
53

 (
0.

29
–0

.9
7)

0.
62

 (
0.

34
–1

.1
4)

0.
93

 (
0.

52
–1

.6
5)

.7
8

H
ig

h

   
N

 o
f 

ca
se

s 
(n

=
48

)
11

12
11

7
7

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
87

 (
0.

39
–1

.9
4)

0.
86

 (
0.

38
–1

.9
8)

0.
73

 (
0.

27
–1

.9
2)

0.
82

 (
0.

32
–2

.1
1)

.5
6

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
89

 (
0.

40
–1

.9
7)

0.
92

 (
0.

40
–2

.1
0)

0.
77

 (
0.

29
–2

.0
2)

0.
89

 (
0.

34
–2

.2
9)

.6
9

Gastroenterology. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liu et al. Page 24

Tu
m

or
 C

ha
ra

ct
er

is
ti

c
P

er
it

um
or

al
 L

ym
ph

oc
yt

ic
R

ea
ct

io
n

Q
ui

nt
ile

s 
of

 t
he

 E
m

pi
ri

ca
l D

ie
ta

ry
 I

nf
la

m
m

at
or

y 
P

at
te

rn
 (

E
D

IP
) 

Sc
or

es

P
tr

en
da

Q
1 

(L
ow

es
t)

Q
2

Q
3

Q
4

Q
5 

(H
ig

he
st

)

P
T

G
S2

 e
xp

re
ss

io
n

   
 N

eg
at

iv
e

A
bs

en
t/l

ow
8

16
11

8
13

   
N

 o
f 

ca
se

s 
(n

=
56

)
1 

(r
ef

er
en

t)
2.

42
 (

0.
96

–6
.1

0)
1.

68
 (

0.
63

–4
.4

3)
1.

45
 (

0.
52

–4
.0

4)
2.

25
 (

0.
87

–5
.8

1)
.3

2

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

2.
62

 (
1.

05
–6

.5
4)

1.
84

 (
0.

70
–4

.8
7)

1.
63

 (
0.

59
–4

.5
0)

2.
49

 (
0.

97
–6

.4
0)

.2
0

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

In
te

rm
ed

ia
te

   
N

 o
f 

ca
se

s 
(n

=
28

1)
65

44
66

51
55

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
59

 (
0.

39
–0

.8
8)

0.
85

 (
0.

59
–1

.2
3)

0.
71

 (
0.

48
–1

.0
3)

0.
87

 (
0.

60
–1

.2
8)

.7
1

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
62

 (
0.

41
–0

.9
3)

0.
92

 (
0.

64
–1

.3
3)

0.
76

 (
0.

52
–1

.1
1)

0.
95

 (
0.

65
–1

.3
9)

.9
7

H
ig

h

   
N

 o
f 

ca
se

s 
(n

=
73

)
15

20
17

11
10

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

1.
01

 (
0.

52
–1

.9
5)

1.
05

 (
0.

51
–2

.1
7)

0.
66

 (
0.

29
–1

.5
1)

0.
75

 (
0.

33
–1

.7
1)

.2
9

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
07

 (
0.

56
–2

.0
4)

1.
14

 (
0.

55
–2

.3
3)

0.
71

 (
0.

31
–1

.6
1)

0.
80

 (
0.

35
–1

.8
2)

.3
8

   
 P

os
it

iv
e

A
bs

en
t/l

ow

   
N

 o
f 

ca
se

s 
(n

=
80

)
14

7
13

22
24

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
49

 (
0.

19
–1

.2
9)

0.
88

 (
0.

39
–1

.9
7)

1.
49

 (
0.

73
–3

.0
8)

2.
28

 (
1.

16
–4

.5
0)

.0
03

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
52

 (
0.

20
–1

.3
5)

0.
95

 (
0.

42
–2

.1
1)

1.
62

 (
0.

78
–3

.3
5)

2.
46

 (
1.

24
–4

.8
5)

.0
01

In
te

rm
ed

ia
te

   
N

 o
f 

ca
se

s 
(n

=
50

1)
10

5
10

5
94

91
10

6

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

0.
85

 (
0.

64
–1

.1
2)

0.
88

 (
0.

66
–1

.1
8)

0.
85

 (
0.

63
–1

.1
4)

1.
01

 (
0.

76
–1

.3
4)

.9
7

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

0.
90

 (
0.

67
–1

.1
9)

0.
95

 (
0.

71
–1

.2
8)

0.
93

 (
0.

69
–1

.2
5)

1.
08

 (
0.

81
–1

.4
4)

.6
5

H
ig

h

   
N

 o
f 

ca
se

s 
(n

=
82

)
12

16
22

16
16

   
A

ge
-a

dj
us

te
d 

H
R

 (
95

%
 C

I)
b

1 
(r

ef
er

en
t)

1.
29

 (
0.

59
–2

.8
2)

1.
58

 (
0.

75
–3

.3
1)

1.
08

 (
0.

50
–2

.3
7)

1.
09

 (
0.

50
–2

.3
7)

.7
9

   
M

ul
tiv

ar
ia

bl
e 

H
R

 (
95

%
 C

I)
c

1 
(r

ef
er

en
t)

1.
34

 (
0.

61
–2

.9
2)

1.
67

 (
0.

80
–3

.4
8)

1.
15

 (
0.

52
–2

.5
1)

1.
14

 (
0.

53
–2

.4
8)

.6
7

Gastroenterology. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liu et al. Page 25
A

bb
re

vi
at

io
ns

: C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; C
IM

P,
 C

pG
 is

la
nd

 m
et

hy
la

to
r 

ph
en

ot
yp

e;
 H

R
, h

az
ar

d 
ra

tio
; M

SI
, m

ic
ro

sa
te

lli
te

 in
st

ab
ili

ty
.

a L
in

ea
r 

tr
en

d 
te

st
 u

si
ng

 th
e 

m
ed

ia
n 

va
lu

e 
of

 e
ac

h 
E

D
IP

 s
co

re
 q

ui
nt

ile
.

b D
up

lic
at

io
n-

m
et

ho
d 

C
ox

 p
ro

po
rt

io
na

l c
au

se
-s

pe
ci

fi
c 

ha
za

rd
s 

re
gr

es
si

on
 w

ei
gh

te
d 

by
 in

ve
rs

e 
pr

ob
ab

ili
tie

s 
ba

se
d 

on
 im

m
un

e 
m

ar
ke

r 
av

ai
la

bi
lit

y 
fo

r 
co

m
pe

tin
g 

ri
sk

s 
da

ta
 w

as
 u

se
d 

to
 c

om
pu

te
 H

R
s 

an
d 

95
%

 
C

Is
. A

ll 
an

al
ys

es
 w

er
e 

st
ra

tif
ie

d 
by

 a
ge

 (
in

 m
on

th
),

 y
ea

r 
of

 q
ue

st
io

nn
ai

re
 r

et
ur

n 
an

d 
se

x.

c M
ul

tiv
ar

ia
bl

e 
H

R
 w

as
 f

ur
th

er
 a

dj
us

te
d 

fo
r 

tim
e-

va
ry

in
g 

pa
ck

-y
ea

rs
 o

f 
sm

ok
in

g 
(0

 v
s.

 1
–1

9 
vs

. 2
0–

39
 v

s.
 ≥

40
 p

ac
k-

ye
ar

s)
, f

am
ily

 h
is

to
ry

 o
f 

co
lo

re
ct

al
 c

an
ce

r, 
en

do
sc

op
y 

st
at

us
, p

hy
si

ca
l a

ct
iv

ity
 le

ve
l 

[q
ui

nt
ile

s 
of

 m
ea

n 
m

et
ab

ol
ic

 e
qu

iv
al

en
t t

as
k 

sc
or

e 
(M

E
T

S)
 -

 h
ou

rs
 p

er
 w

ee
k]

, t
ot

al
 e

ne
rg

y 
in

ta
ke

 (
qu

in
til

es
 o

f 
kc

al
/d

ay
),

 to
ta

l a
lc

oh
ol

 in
ta

ke
 (

0 
vs

. 1
–5

 v
s.

 6
–1

5 
vs

. >
15

 g
/d

ay
),

 c
ur

re
nt

 m
ul

tiv
ita

m
in

 u
se

 a
nd

 
re

gu
la

r 
as

pi
ri

n 
us

e.

Gastroenterology. Author manuscript; available in PMC 2018 December 01.


	Abstract
	INTRODUCTION
	METHODS
	Study Population
	Assessment of Empirical Dietary Inflammatory Pattern (EDIP) Scores and Other Covariates
	Ascertainment of Colorectal Cancer Cases
	Analyses of Histopathologic Lymphocytic Reaction and Tumor Characteristics
	Statistical Analysis

	RESULTS
	Characteristics of Study Participants
	EDIP and Risks of Colorectal Cancer Subtypes Classified by Lymphocytic Reaction to Tumor
	Sensitivity Analyses

	DISCUSSION
	CONCLUSIONS
	References
	Table 1
	Table 2
	Table 3

