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ABSTRACT

Pro-inflammatory diets are associated with risk of developing colorectal cancer (CRC), 
however inconsistencies exist in subsite- and sex-specific associations. The 
relationship between CRC and combined lifestyle-related factors that contribute 
towards a low-grade inflammatory profile has not yet been explored. We examined the 
association between the dietary inflammatory potential and an inflammatory profile and 
CRC risk in the European Prospective Investigation into Cancer and Nutrition (EPIC) 
study. This cohort included 476,160 participants followed-up of 14 years and 5,991 
incident CRC cases (3,897 colon and 2,094 rectal tumours). Dietary inflammatory 
potential was estimated using an Inflammatory Score of the Diet (ISD). An 
Inflammatory Profile Score (IPS) was constructed, incorporating the ISD, physical 
activity level and abdominal obesity. The associations between the ISD and CRC and 
IPS and CRC were assessed using multivariable regression models. More pro- 
inflammatory diets were related to a higher CRC risk, particularly for colon cancer; 
Hazar Ratio (HR) for highest versus lowest ISD quartile was 1.15 (95% confidence 
interval (CI) 1.04-1.27) for CRC, 1.24 (95% CI 1.09-1.41) for colon cancer and 0.99 
(95% CI 0.83-1.17) for rectal cancer. Associations were more pronounced in men and 
not significant in women. The IPS was associated with CRC risk, particularly colon 
cancer among men; HRs for the highest versus lowest IPS were 1.62 (95% CI 1.31- 
2.01) for colon cancer overall and 2.11 (95% CI 1.50-2.97) for colon cancer in men. 
This study shows that more pro-inflammatory diets and a more inflammatory profile are 
associated with higher risk of CRC, principally colon cancer and in men.

Keywords: Inflammatory potential of the diet, colorectal cancer, prospective cohort, 
Europe, epidemiology, association

Novelty and Impact Statement

This large prospective study strengthens the evidence that a diet with a high 
inflammatory potential is associated with increased risk of CRC. Our results also 
indicate that the inflammatory potential of the diet is predominantly related to colon 
cancer, particularly colon cancer in men. We report novel results showing that an 
overall low-grade inflammatory profile, incorporating the inflammatory potential of the 
diet, physical activity and abdominal obesity is a strong predictor of colon cancer.
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INTRODUCTION

Colorectal cancer (CRC) is the third most commonly occurring cancer globally, with an 
estimated 1.8 million new cases in 2018(1). The incidence of CRC is much higher in 
men than women, with 324/100,000 compared to 253/100,000 new cases in 2018 in 
Europe, respectively(1). The main lifestyle-related CRC risk factors are smoking, alcohol 
consumption, obesity, physical inactivity and certain dietary factors(2). It has been 
estimated that approximately 70% of CRC cases could be avoided by following a 
healthy lifestyle(3) and diet is one of the key modifiable lifestyle factors(4).

Chronic inflammation has been implicated in the onset and progression of CRC(5), and 
diet plays an important role in modulating systemic inflammation. Therefore, the 
increased risk of CRC associated with certain dietary factors may be partly due to their 
effect on inflammatory biomarkers (cytokines/chemokines, acute-phase proteins, 
soluble adhesion molecules, etc)(6). A high consumption of red and processed meat 
(foods shown to have pro-inflammatory properties) is strongly associated with a greater 
risk of CRC(7), whereas a high consumption of fibre and whole grains (foods shown to 
have anti-inflammatory properties) is strongly associated with risk(2). Evidence also 
suggests that consumption of fruit and vegetables may decrease risk of CRC(2).

A widely applied tool designed to summarize the inflammatory potential of multiple 
dietary components is the Dietary Inflammatory Index (DII), which assigns inflammatory 
weights to different foods components according to their pro-inflammatory or anti- 
inflammatory properties(8,9). The DII scores subjects along an inflammatory continuum; 
higher/ more positive DII scores reflect more pro-inflammation diets and lower/ more 
negative scores reflect more anti-inflammatory diets. Higher DII scores have been 
associated with higher levels of inflammatory biomarkers(8,10–12) and a higher risk of 
CRC(13–15), and several meta-analyses have reported around a 40% increased CRC 
risk for the highest versus lowest DII category. However, the risk estimates were 
substantially lower when analyses were restricted to prospective cohort studies and 
inconsistences between studies on gender- and site-specific associations warrant 
further investigation(13,15) .

Adiposity and lack of physical activity are two other major factors that can contribute to 
chronic inflammation and they are highly interrelated with diet, and also recognised as 
causes of CRC(2). The inflammatory effects of diet, physical activity and abdominal 
obesity may individually increase risk of CRC or act in combination. In terms of obesity, 
enlarged adipocytes in obese individuals lead to overexpression of a host of 
inflammatory mediators which then produces chronic systemic inflammation(16,17). This 
is particularly relevant when the enlarged mass of adipose tissue accumulates in the 
abdomen as visceral fat(18). Although the relationship between physical activity and 
inflammation is complex, evidence shows that in the long-term habitual exercise 
reduces inflammatory markers(19).

Therefore, the aim of this study was to assess the prospective association between the 
inflammatory potential of the diet and CRC, by anatomical sub-site and gender, in the 
European Prospective Investigation into Cancer and Nutrition (EPIC) cohort study. In 
addition, the relationship between CRC and a low-grade inflammatory profile that 
considers the combined effect of the inflammatory potential of the diet along with 
abdominal obesity and physical activity was investigated.
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MATERIALS AND METHODS

Study setting and population
EPIC is a large on-going multi-centric cohort study and the full methodological details 
for the recruitment procedure and data collection have been described previously(20). In 
brief, between 1992 and 2000 a total of 521,324 subjects, mostly 30-70 years old, were 
recruited from 23 centres in 10 European countries. Participants were mainly recruited 
from the general population, with the exceptions detailed elsewhere(20). All participants 
gave written informed consent. Ethical committees from the International Agency for 
Research on Cancer (IARC) and local centres approved the study. Participants were 
excluded if have had a prevalent cancer at baseline other than non-melanoma skin 
cancer (n=25,184), missing end of follow-up data (n=4,148), missing diet or lifestyle 
information (n=6,259) or extreme energy intake/expenditure (n=9,573), calculated as 
the top or bottom 1% of the distribution of the ratio of energy intake to energy 
requirement. Therefore, 476,160 participants (142,241 men and 333,919 women) were 
included in the final study population.

Follow-up and ascertainment of colorectal cancer cases
Incident CRC cases were identified via population cancer registries for Denmark, Italy, 
The Netherlands, Norway, Spain, Sweden and the United Kingdom. In France, 
Germany, Naples and Greece different methods was used, including health insurance 
records, cancer and pathology registries and active follow-up of participants and their 
next of kin, with a subsequent medical verification of the diagnosis. Vital status data 
was obtained from regional or national mortality registries. Censoring dates for the last 
complete follow-up varied by centre and ranged from 2005 to 2013. CRC cases were 
defined as tumours coded as C18-C20 in the 10th revision of the international 
classification of diseases (ICD-10), and the second revision of the International 
Classification of Disease for Oncology (ICDO-2). The CRC cases were further 
classified according to their anatomic location: proximal colon (C18.0–18.5), distal 
colon (C18.6–18.7), not otherwise specified (NOS) colon (C18.8–18.9) and rectum 
(C19–C20).

Assessment of lifestyle variables
At recruitment anthropometric data was collected using standardized procedures and a 
lifestyle questionnaire was used to obtain information on socio-demographic factors, 
level of education, physical activity, medical history and consumption of alcohol and 
tobacco consumption. Dietary data was also collected at baseline, using validated 
country/centre-specific questionnaires to record the usual diet during the previous year. 
Most countries used extensive quantitative food frequency questionnaires (FFQ) or 
semi-quantitative FFQ, although a combination of diet records and FFQ or diet-history 
questionnaires were also used in some countries/ centres(20,21). Furthermore, 
standardised 24-hour dietary recall (24hDR) measurements were taken from a 
representative subsample of the EPIC cohort (5-12%) to correct for systematic 
differences between the dietary questionnaires and to minimize measurement error(22). 
Country-specific food composition databases, which were standardised across EPIC 
countries, were used to calculate total energy, macro- and micronutrients and intake of 
other dietary parameters from the food consumption data(23).

The Inflammatory Score of the Diet
The diet’s inflammatory potential was assessed using an Inflammatory Score of the 
Diet (ISD), which has been described previously(24,25). The construction of the ISD is 
initially based on the DII(9), an index comprised of 45 food components which were 
identified after a comprehensive literature review and included because of their anti-
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inflammatory or pro-inflammatory properties. Each food component has been given an 
inflammatory weighting according to its association with six well-known inflammatory 
biomarkers (IL-1b, IL-4, IL-6, IL-10, Tumor Necrosis Factor (TNF) and C-reactive 
Protein (CRP)); the weighting uses an algorithm that takes into account the level of 
evidence from the studies and numbers of articles that were reviewed. The construct of 
the DII has been validated by studying its relation to circulating levels of inflammatory 
biomarkers in many different populations and DII scores have been associated with 
level of CRP, as well as a summary score for low grade inflammation (derived from 6 
key inflammatory biomarkers)(10–12).

In the current study the ISD included 28 dietary components that were available in the 
EPIC datasets for all centres (listed in Supplementary Table 1). To calculate each 
participant’s ISD their intake of each food item was first calibrated using data from the 
24-hour recall (full methods are detailed in statistical analysis section) and then
standardized using the mean and standard deviation (SD) of the study population.
Each participant’s z-score was then converted to a centred percentile value by
transforming it to a percentile (of a standard normal distribution), doubling each
percentile and then subtracting 1. To obtain the ISD for each item each percentile
value was multiplied by the respective inflammatory effect score, using the item
specific weights reported previously(9) (Supplementary Table 1). The separate ISD’s
obtained for the 28 dietary components for each participant were then summed to give
their overall ISD. The overall ISD is a score without units and expresses an individual’s
diet, relative to the other participants, at a point along on a continuous scale ranging
from below to above zero. The most negative value indicates the maximum anti- 
inflammatory diet in the cohort, while the highest positive value indicates the maximum
pro-inflammatory diet.

The slightly different procedures used to construct the ISD, compared to the DII, have 
been described and justified previously(24). In brief, total fat was not included as part of 
the ISD because the three separate components of dietary fat are already included, a 
different weight for alcohol was used due to its dose-dependent effect, so for subjects 
who consumed >40g/day the weight for alcohol was set as 0. Finally, each subject’s 
intake for the 28 dietary components was standardized using the mean and SD of our 
study population to improve internal validity, as the aim of this study was to assess the 
association between the ISD and risk of CRC in this cohort, not to compare the 
inflammatory potential of the diet between populations.

The Inflammatory Profile Score

An overall inflammatory profile score (IPS)(25) was created to explore the potential 
relationship between CRC and low-grade inflammation linked to diet along with level of 
physical activity and abdominal obesity, two additional factors that modulate 
inflammation. Each subject’s IPS is the sum of the three corresponding values 
obtained from i) the ISD (sex-specific tertiles; 1st tertile=0, 2nd tertile=1, 3rd tertile=2), ii) 
waist circumference defined using International Diabetes Federation cut-offs (men
<94cm or women <80cm=0, and men ≥94cm or women ≥80cm=1) and iii) physical 
activity level (active or moderately active=0 and inactive or moderately inactive=1). 
Physical activity categories were derived by combining occupational and recreational 
activity levels and have been previously described and validated(26). The IPS ranged 
from 0-4, with 0 reflecting less inflammation in terms of consuming an anti-inflammatory 
diet, not having abdominal obesity and being physically active. In contrast, an IPS of 4 
reflects more inflammation in terms of eating a pro-inflammatory diet, having abdominal 
obesity and being physically inactive. Previous research in this population has shown 
that the ISD is associated with increased risk of gastric cancer and the ISD and IPS 
with higher mortality, in particular deaths by cardiovascular disease (24,25).
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Statistical analysis
All analyses were carried out using R 3.2.1 software (R Foundation for Statistical 
Computing, Vienna, Austria). The ISD was described according to socio-demographic, 
lifestyle and dietary variables using the median, percentiles and age-, sex-, and 
energy-adjusted mean and SD using linear regression. Cox proportional hazard  
models were used to estimate hazard ratios (HR) and 95% confidence intervals (CI) for 
the association between ISD and risk of CRC, overall and for anatomical sub-sites 
(colon and rectal). Entry time was defined as age at recruitment and exit time was 
defined as age at diagnosis for cases, death or end of follow-up, whichever occurred 
first. Multivariable models were stratified by centre, sex and age at recruitment (1 year 
intervals) and adjusted by residuals of total energy intake on the ISD (quartiles), 
education (none and primary school, technical/professional school, secondary school, 
university or higher and not specified), smoking status and intensity (never, former quit 
<11 years, former quit 11–20 years, former quit >20 years, current ≤15 cigarettes/day, 
current 16–25 cigarettes/day, current >25 cigarettes/day, other smokers including 
occasional smokers and exclusive smokers of cigar or pipe, and smokers with 
unknown status or unknown amount), Cambridge physical activity index (inactive, 
moderately inactive, moderately active, active and not specified), Body Mass Index 
(BMI) (<25.0kg/m2, 25-29.9 kg/m2 and ≥30.0 kg/m2) and the residuals of the intake of 
dietary variables including alcohol (quartiles, g/d), red meat (quartiles, g/d) processed 
meat (quartiles, g/d) and fibre (quartiles, g/d) intakes. The residuals of a linear 
regression of the dietary variables on the ISD were included in the multivariable models 
because these dietary factors are also a source of components included in the ISD.

The ISD was analysed as a categorical variable, using sex-specific quartiles and with 
the first quartile as the reference, and as a continuous variable for each increase in 1- 
SD of the ISD. Trend tests for the categorical variables were calculated by entering the 
categorical variable in the model as a continuous variable. All analyses were carried 
out on the whole study sample and by sex. Potential effect modification on the 
association between the ISD and CRC by the variables in the Cox models was 
evaluated by including interaction terms between the ISD and these variables, and the 
likelihood ratio (LR) test assessed the significance of the interaction. Schoenfeld 
residuals were used to assess that the assumptions of proportional hazards were met. 
The Wald statistic was applied to assess the homogeneity of the risk between the ISD 
and colon and rectal cancer. The association between the ISD as a continuous variable 
and risk of CRC and its subtypes was also examined in analyses stratified by EPIC 
European region (South, Middle and North), age, smoking status, physical activity, 
education level, BMI, weight circumference, alcohol consumption and intake of 
processed meat. The heterogeneity of HRs for the ISD across countries was explored 
with the use of a meta-analytic random- effects model.

The dietary data used to construct the ISD was calibrated to improve comparability of 
the dietary data across EPIC centres and to minimize measurement error. Country- 
and sex-specific linear regression calibration models were applied using the data from 
the subsample of subjects with 24hr dietary recalls (24hrDR)(22). To obtain predicted 
(calibrated) values of dietary intake for all subjects, the 24hrDR measurements were 
regressed onto the dietary intakes from the questionnaires, while including in the 
following covariates; total energy intake, age at recruitment, centre, education, 
smoking, BMI and physical activity. The models were weighted by day of the week and 
season of the year in which the 24hrDR recall was administered. When zero 
consumption was reported on the main questionnaire, a zero was directly assigned as 
the calibrated intake. The calibrated values of each food item were used to calculate 
the ISD. A bootstrap sampling method (with 400 repetitions to ensure stability) was 
used to compute the mean and SD of the predicted intake of each food item in the ISD.
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Adjusted HR and 95% CI for CRC were calculated for each of the 5 levels of the 
inflammatory profile. Subjects with unknown or missing information on physical activity 
level and waist circumference (112,654 subjects including 961 CRC cases) were put 
together in an IPS category labelled ‘non-specified’ to avoid excluding them from the 
inflammatory profile analysis. Sensitivity analyses were carried out to assess possible 
reverse causality caused by modifying habitual diet or lifestyle habits due to pre- 
existing subclinical conditions, by excluding cases with less than 2 years of follow-up 
(462 subjects). In addition, the Cox models were repeated using an ISD constructed 
without the alcohol component, due to its non-linear relationship with key inflammatory 
markers(27,28). Finally, Cox models in women were repeated while additionally adjusting 
for hormonal factors: menopausal status (pre-menopausal, post-menopausal, peri- 
menopausal/unknown menopausal status or surgical post-menopausal), hormone 
replacement therapy (HRT) use (yes, no and unknown), and oral contraceptive use 
(yes, no and unknown), to evaluate their potential confounding effect in the association 
of interest.

Data availability
The data that support the findings of this study are available from the corresponding 
author upon reasonable request.

RESULTS
After following up 476,160 participants (70% women) for a mean of 13.9 years (SD 4.0 
years), 5,991 incident primary CRC cases were diagnosed (1.02% of women and 
1.82% of men developed CRC). Out of these cases, 3,897 were identified as having 
colon tumours (including 1,877 proximal, 1,743 distal and 277 not specified) and 2,094 
as having rectal tumours.

The distribution of the baseline characteristics of the participants according to CRC 
cases and the ISD (mean and median) is shown in Table 1. At recruitment 
approximately half the participants were inactive or moderately inactive and overweight 
or obese. Almost a quarter of the participants were current smokers and a third had an 
education level only up to primary school. The ISD, reflecting the inflammatory 
potential of the diet, had a mean of 0.38 (SD 1.7) and ranged from -6.44 to 5.67, with a 
median of 0.53 (25th percentile -0.75 and 75th percentile 1.65) (data not tabulated). 
Figure 1 shows the mean ISD scores by EPIC country; the highest mean ISD (most 
pro-inflammatory) was in Norway and Sweden, while the United Kingdom and Spain 
had the lowest mean ISD (most anti-inflammatory). On average, women had a more 
pro-inflammatory diet than men and the inflammatory potential of the diet increased 
across age groups. Overall, the northern EPIC countries had more pro-inflammatory 
scores compared to other EPIC regions. The ISD values were higher among smokers 
and participants with a higher BMI and abdominal obesity, and lower in more physically 
active participants. The score tended to decrease across categories of alcohol 
consumption and fibre intake.

The multivariable HR for the association between the ISD and CRC overall and by sub- 
sites is shown in Table 2. For the whole population, there was a higher risk of CRC 
associated with higher values of the ISD (reflecting a more pro-inflammatory diet). The 
positive association was clear for both categorical and continuous ISD variables. In 
sex-specific models the higher risk of CRC across quartiles of ISD was evident in men 
but  not  in women;  HR=1.23 (95%  CI  1.05-1.44)  and HR=1.09  (95%  CI  0.95-1.25) 
respectively. In analyses by anatomical subsite we observed a strong association 
between the ISD and colon cancer, and this was more pronounced and only significant 
in men; HR=1.24 (95% CI 1.09-1.41) for colon cancer overall HR=1.44, 95% CI 1.18-
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1.76) for colon cancer in men, for the highest versus lowest ISD quartile. Every 1-SD 
increase in ISD related to a 10% (HR=1.10, 95% CI 1.04-1.16) higher risk of colon 
cancer overall. In analysis of colon cancer subsites the magnitude of risk appeared 
higher for proximal compared to distal colon cancer; HR=1.29 (95% CI 1.07-1.55) and 
HR=1.14 (95% CI 0.94-1.37) respectively, for the highest versus the lowest ISD  
quartile (Table 2). No statistically significant associations were observed between the 
ISD and rectal cancer, overall or by sex. The Wald test indicated there was significant 
heterogeneity of the association by subsite overall and in men (p-value=0.01 in both), 
but not in women (p-value=0.18). There was no departure from linearity in any of the 
models, assessed using the likelihood ratio test.

Although the risk estimates varied in analyses stratified by potential effect modifiers 
(Table 3 shows p-values for interaction and Figure 1 shows the associations between 
the ISD and CRC by EPIC country), there was little evidence that the association 
between the ISD and risk of CRC was modified by these factors, except for a possible 
suggestion of interaction by sex (p-interaction 0.082), region (p-interaction 0.073) and 
processed meat (p-interaction 0.082). Within these respectively subgroups, the 
association was only observed in men, Northern EPIC regions and for individuals with 
a high intake of processed meat.

Table 4 shows the association between CRC and the IPS. Participants classified as 
having level 4 on the IPS had significantly higher risk of developing CRC compared to 
subjects classified in level 0 (HR=1.37, 95% 1.16-1.62). This association was more 
pronounced in men (HR 1.62 (95% CI 1.25-2.09 for highest versus lowest IPS) and 
was not significant in women. A similar pattern was observed in analyses of colon 
cancer, although the positive association was even stronger, especially in men.

In sensitivity analyses excluding participants with less than 2 years of follow-up, 
excluding the alcohol component from the ISD or additionally adjusting for hormone- 
related factors in women, the risk estimates did not change substantially (Table 5).

DISCUSSION

The results of this study shows that a pro-inflammatory diet, assessed using the ISD, 
was related to a higher risk of developing CRC in an adult European population. In this 
cohort, the diet’s inflammatory potential was related to colon cancer but not rectal 
cancer and the association was more pronounced in men. When the inflammatory 
potential of the diet was combined with two other potential contributors to low-grade 
chronic inflammation to create an inflammatory profile, then the impact on risk of CRC, 
in particular colon cancer, was even greater. Individuals with a high inflammatory 
profile, defined as a more pro-inflammatory diet, a sedentary or moderately inactive 
lifestyle and also abdominal obesity, had a 37% higher risk of colon cancer compared 
to subjects with a low inflammatory profile (more anti-inflammatory diet, moderate or 
high physical activity levels and without abdominal obesity).

Overall, our results are in agreement with four recent meta-analyses of the association 
between CRC and the inflammatory potential of the diet, measured using the DII (13– 

15,29). The meta-analyses including all study designs (up to five case-control and four 
prospective cohort studies) reported an approximately 40% increased risk of CRC 
associated with being in the highest compared to the lowest DII score category, which 
is much larger than the 15% increased risk of CRC observed in our study. However, 
when the meta-analyses were stratified by study design the summary risk estimate 
obtained from cohort studies was much lower than that from case-control studies(12,13). 
Results from case-control studies may be less reliable due to their susceptibility to 
recall and selection bias, and so our results are more comparable to other prospective
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studies. The summary relative risks for CRC derived from cohort studies for a 1-unit 
increment in the DII ranged from 3% (95% CI 2-4%)(14) to 4% (95% CI 3-5%)(29), that 
was fairly similar in magnitude to the 6% found in our study.

In analyses stratified by anatomical subsite, it was clear that the association between 
the ISD and risk of CRC was driven by the results for colon cancer; the highest 
category of the ISD significantly increased the risk of colon cancer by 24% while there 
was no association with rectal cancer. In addition, the Wald test results confirmed that 
the differential effect of the ISD by subsite was statistically significant. The magnitude 
of the association we observed is comparable to that reported in the Multi-ethnic 
cohort, where participants in the highest DII quartile were 20% more likely to develop 
colon cancer than participants in the lowest quartile.

The differing results by anatomical sites in our study are consistent with findings from 
two other prospective studies, the Iowa Women’s Study18 and Women’s Health 
Initiative(20), which found evidence of an association between the DII and colon cancer, 
but not rectal cancer. In contrast, two other prospective studies, the NIH-AARP study 
and Multi-ethnic cohort, did observe that the DII was significantly related to risk of 
rectal cancer. The explanation for these disparities is unclear, but could partly relate to 
differences in cohort characteristics or methodological issues between studies, such as 
adjustment for confounding factors or which dietary components were used to calculate 
the diet’s inflammatory potential. In addition, although CRC is often considered a single 
tumour entity in research and clinical practice, the two anatomical sub-sites differ in 
numerous epidemiological features, their molecular carcinogenesis(31) and their risk 
factors(5,32,33). In terms of dietary risk factors, a meta-analysis of the evidence on red 
and processed meat, whole-grains and dairy products found that the summary relative 
risks were significant for colon cancer but not rectal cancer(2). Such aetiological 
differences between sub-sites may also extend to the differential impact of the 
inflammatory potential of the diet on developing colon and rectal cancer.

In our population the positive association between the ISD and colon cancer was more 
pronounced and only statistically significant in men. These findings are in line with the 
NIH-AARP study(34) which found that the association between the DII and CRC was 
also only statistically significant in men, and in the Multi-ethnic cohort(35) where the 
effect size was larger for men than women. In addition, a meta-analysis of both case- 
control and cohort studies reported that the pooled relative risk (RR) of CRC in men 
was double of that in women(14). The explanation why some studies, including ours, 
observe weaker and/or non-significant associations in women is unclear, but several 
theories can be considered. CRC is strongly influenced by gender, illustrated by 
substantial differences between sexes in incidence, survival and various clinical and 
pathological characteristics(36). This has been partly attributed to sex differences in 
biological and environmental risk factors(37). In terms of hormonal influences, oestrogen 
plays an important protective role in the pathogenesis of CRC in women(38), therefore 
menopause-related changes in oestrogen levels and HRT might be potential 
confounders of the ISD-CRC association(38,39). However, in sensitivity analyses the lack 
of association in women remained identical after additionally adjusting for menopausal 
status, HRT and oral contraceptive pill use. Nevertheless, other hormonal-related 
factors might not have been accounted for. Alternatively, because the incidence of 
CRC is higher in men(37), the inflammatory potential of the diet might have a greater 
impact in men due to a higher background risk. In line with our findings, the World 
Cancer Research Fund/American Institute for Cancer Research 2017 CRC report 
presents meta-analyses of several foods that were significantly related to increased/ 
decreased risk of CRC in men (red and processed meat/fruit and non-starch 
vegetables) but did not reach statistical significance in women(2). Finally, we cannot  
rule out gender differences in unmeasured risk factors, or in dietary intake reporting(40)
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and social desirability(41) that could introduce measurement error in estimating the ISD 
and confounding variables.

A novel aspect of our work was the construction of an inflammatory profile score, a 
combination of the inflammatory potential of the diet, physical activity and abdominal 
obesity. Low-grade chronic inflammation, a state of persistent and unresolved 
inflammation, is characterised by modest elevated levels of pro-inflammatory markers. 
The DII has been associated with higher concentrations of inflammatory biomarkers 
such as CRP, Interleukin (IL)-6, and homocysteine(10,11), as well as a low-grade 
inflammation summary score(12). The abundance of inflammatory cells in visceral 
adipose tissue lead to systemic inflammation(18) and abdominal obesity is associated 
with elevated levels of tumour necrosis factor-α and high-sensitivity C-reactive protein 
(CRP)(42). On the other hand, regular physical exercise is associated with lower levels 
of inflammatory markers such as IL-6 and CRP(43). In our study, a pro-inflammatory 
profile, characterised by a more pro-inflammatory diet, lower levels of physical activity 
and abdominal obesity was a strong predictor of CRC, particularly colon cancer and in 
men. The differences by anatomical site probably reflect the strong evidence that 
physical activity protects against colon but not rectal cancer and that obesity may have 
a stronger negative impact on colon cancer(2). The differential association between the 
ISD and the IPS and risk of colon and rectal cancer supports the fact that CRC is a 
heterogeneous group of diseases that should be investigated separately(44).

The biological plausibility behind these findings is supported by the fact that chronic 
inflammation is a well-documented pathological feature of colon cancer(5,45). This is 
supported by the evidence that prolonged use of aspirin and other non-steroidal anti- 
inflammatory drugs reduces risk of colon cancer(2), whereas inflammatory bowel 
disease is a known cause of colon cancer(46). In addition, a meta-analysis of 18 studies 
showed that a 1-unit increase in the natural logarithm (ln) of CRP related to a 13% 
increased risk of colon cancer, while no significant association was found with rectal 
cancer or in women(47). The speculated inflammatory pathways could involve the effect 
of pro-inflammatory diets, abdominal obesity or low levels of physical activity on 
systemic inflammation, which can lead to insulin resistance(48). Another hypothesis is 
related to the anti-inflammatory effects on local mircrobiota from omega-3 fatty acids 
and antioxidant components in certain foods (i.e. fruit, vegetables, tea and coffee)(49). In 
addition, dietary factors can affect local inflammation and oxidation in the colon which 
leads to focal proliferation, angiogenesis and mutagenesis(48).

Strengths of the study are its large sample size, prospective and population-based 
design, extended follow-up and a large number of cases, allowing sufficient statistical 
power to explore gender- and site-specific associations and additional subgroup 
analyses. We also adjusted for multiple potential confounding factors, including the 
residuals of red meat, processed meat and fibre. These dietary factors are important 
sources of items included in the calculation of the ISD, and therefore including them 
directly in the model, along with the ISD, could result in over-adjustment or collinearity. 
However, excluding them could produce residual confounding because they are 
strongly related to CRC, operating through mechanisms other than inflammation(2). To 
resolve these issues we calculated the residuals of a linear regression of the ISD on 
each dietary variable to use in the multivariable model. This ensured that the HR of the 
ISD was solely due to the inflammatory potential of the diet and that confounding by 
other dietary factors via non-inflammatory mechanisms was still controlled for.

There are also several limitations that should be considered when interpreting the 
results, mainly due to methodological issues relating to the construction of the ISD 
score, Firstly, only 28 of the original 45 items included in the DII were used to create 
the ISD. This was due to the availability of dietary data in the EPIC database and our
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exclusion of total fat. However, a previous cohort study found that seven components, 
all of which were included in the ISD, explained 91% of the inter-individual variance in 
the DII(12). Therefore, the fewer number of dietary components included in the ISD is 
likely to have had minimal influence on the estimations of the diet’s total inflammatory 
potential. Secondly, since the construction of the ISD is based on the DII, it has similar 
inherent methodological limitations(8), one of which is that the ISD is constructed using 
inflammatory weights derived from data from other studies and so does not directly 
relate to inflammatory biomarkers measured in our specific population. Thus, further 
studies that assess the inflammatory potential of the diet based on alternative methods 
from DII would help corroborate our findings. Thirdly, potential measurement error 
derived from self-reported country-specific dietary questionnaires could have led to 
systematic and random errors in the dietary data used to construct the ISD. However, 
subjects with implausible dietary intake were excluded from the analyses and we 
adjusted for total energy intake. We also used models stratified by country/centre to 
account for potential systematic between-country differences in dietary assessment 
and used calibrated dietary intakes (from the 24hDR) to calculate the ISD. In addition, 
comparability of nutrient intakes across the EPIC countries has been improved through 
harmonising nutrient databases(23). A further limitation is that diet and lifestyle variables 
were only assessed at recruitment, so any potential changes during follow-up were not 
taken into account. Potential reverse causality due to modification of diet during the 
early pre-diagnostic period of the disease is also possible, however in sensitivity 
analyses the associations did not materially change when we excluded incident cases 
diagnosed in the first two years of follow-up. We also lacked information on use of anti- 
inflammatory drugs(50) and supplements.

In summary, our results show that a diet with a higher inflammatory potential is 
associated with increased risk of CRC, particularly colon cancer among men. In 
addition, an inflammatory profile incorporating the inflammatory potential of the diet, 
physical activity and abdominal obesity, was a strong predictor of colon cancer. Public 
health initiatives that jointly target these modifiable risk factors may be particularly 
effective for preventing colon cancer. Future research should identify specific dietary 
patterns that are related to plasma levels of inflammatory biomarkers in the same 
population (using reduced rank regression). Studying biomarker patterns and CRC 
risk(51) also takes into account complex interactions between biomarkers and would 
help clarify pathways involved.

Funding:
This study has been funded by Instituto de Salud Carlos III through the project PI15/00639 (Co- 
funded by European Regional Development Fund. ERDF, a way to build Europe). We thank 
CERCA Programme/Generalitat de Catalunya for institutional support. Regional Government of 
Asturias. German Cancer Aid, German Cancer Research Center (DKFZ), Federal Ministry of 
Education and Research (BMBF).

The coordination of EPIC is financially supported by the European Commission (DG-SANCO) 
and the International Agency for Research on Cancer. The national cohorts are supported by 
Danish Cancer Society (Denmark); Ligue Contre le Cancer, Institut Gustave Roussy, Mutuelle 
Générale de l’Education Nationale, Institut National de la Santé et de la Recherche Médicale 
(INSERM) (France); German Cancer Aid, German Cancer Research Center (DKFZ), Federal 
Ministry of Education and Research (BMBF), Deutsche Krebshilfe, Deutsches 
Krebsforschungszentrum and Federal Ministry of Education and Research (Germany); the 
Hellenic Health Foundation (Greece); Associazione Italiana per la Ricerca sul Cancro-AIRC- 
Italy and National Research Council (Italy); Dutch Ministry of Public Health, Welfare and Sports 
(VWS), Netherlands Cancer Registry (NKR), LK Research Funds, Dutch Prevention Funds, 
Dutch ZON (Zorg Onderzoek Nederland), World Cancer Research Fund (WCRF), Statistics 
Netherlands (The Netherlands); ERC-2009-AdG 232997 and Nordforsk, Nordic Centre of 
Excellence programme on Food, Nutrition and Health (Norway); Health Research Fund (FIS),

This is a post-print (final draft post-refeering). Published in final edited form as: Jakszyn P, Cayssials V, Buckland G, 
Perez-Cornago A, Weiderpass E, Boeing H, Bergmann MM, Vulcan A, Ohlsson B [et al.]. Inflammatory potential of the 

diet and risk of colorectal cancer in the European Prospective Investigation into Cancer and Nutrition study.
International Journal of Cancer, 2020;147:1027-1039. 

https://doi.org/10.1002/ijc.32870

P
o

s
t-

p
ri

n
t 
–

 A
v
a

ila
b

le
 i
n

 h
tt

p
:/

/w
w

w
.d
au

.u
rl.
ed
u



14

PI13/00061 to Granada; , PI13/01162 to EPIC-Murcia), Regional Governments of Andalucía, 
Asturias, Basque Country, Murcia (no. 6236) and Navarra, ISCIII RETIC (RD06/0020) (Spain); 
Swedish Cancer Society, Swedish Research Council and County Councils of Skåne and 
Västerbotten (Sweden); Cancer Research UK (14136 to EPICNorfolk; C8221/A19170 to EPIC- 
Oxford), Medical Research Council (1000143 to EPICNorfolk, MR/M012190/1 to EPIC-Oxford) 
(United Kingdom)

IARC DISCLAIMER: Where authors are identified as personnel of the International Agency for 
Research on Cancer / World Health Organization, the authors alone are responsible for the 
views expressed in this article and they do not necessarily represent the decisions, policy or 
views of the International Agency for Research on Cancer / World Health Organization

Conflict of interest: None declared.

This is a post-print (final draft post-refeering). Published in final edited form as: Jakszyn P, Cayssials V, Buckland G, 
Perez-Cornago A, Weiderpass E, Boeing H, Bergmann MM, Vulcan A, Ohlsson B [et al.]. Inflammatory potential of the 

diet and risk of colorectal cancer in the European Prospective Investigation into Cancer and Nutrition study.
International Journal of Cancer, 2020;147:1027-1039. 

https://doi.org/10.1002/ijc.32870

P
o

s
t-

p
ri

n
t 
–

 A
v
a

ila
b

le
 i
n

 h
tt

p
:/

/w
w

w
.d
au

.u
rl.
ed
u



15

References

1. Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Piñeros M, Znaor, A
Soerjomataram I, Bray F, Global Cancer Observatory: Cancer Today. Lyon,
France. International Agency for Research on Cancer. 2018 [Accessed 2018
Nov 2]. Available from: https://gco.iarc.fr/today.

2. World Cancer Research Fund/American Institute for Cancer Research.
Continuous Update Project Expert Report 2018. Diet, nutrition, physical activity
and colorectal cancer. [Accessed 2018 Nov 2] Available from
www.dietandcancerreport.org.

3. Platz E, Willett W, Colditz G, Rimm E, Spiegelman D, Giovannucci E. Proportion
of colon cancer risk that might be preventable in a cohort of middle-aged US
men. Cancer Causes Control. 2000;11:579–588.

4. Dahham SS, Malik A, Majid A. The Impact of Life Style and Nutritional
Components in Primary Prevention of Colorectal Cancer. 2016;6:237–244.

5. Terzić J, Grivennikov S, Karin E, Karin M. Inflammation and Colon Cancer.
Gastroenterology. 2010;138:2101–2114.

6. Minihane AM, Vinoy S, Russell WR, Baka A, Roche HM, Tuohy KM, Teeling L
Low-grade inflammation, diet composition and health: current research evidence
and its translation. Br J Nutr. 2015;114:999–1012.

7. IARC. IARC Monographs. Red Meat and Processed Meat. Volume 114 IARC
Monographs. [Accessed 2019 Jul 17]. Available at
https://monographs.iarc.fr/wp-content/uploads/2018/06/mono114.pdf

8. Hébert JR, Shivappa N, Tabung FK, Steck SE, Wirth MD, Hurley TG. On the use
of the dietary inflammatory index in relation to low-grade inflammation and
markers of glucose metabolism in the Cohort study on Diabetes and
Atherosclerosis Maastricht (CODAM) and the Hoorn study. American Journal of
Clinical Nutrition. 2014;99(6):1520. doi:10.3945/ajcn.113.079095.

9. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and
developing a literature-derived, population-based dietary inflammatory index.
Public Health Nutr. 2014;17(8):1689–1696.

10. Cavicchia PP, Steck SE, Hurley TG, Hussey JR, Ma Y, Ockene IS and Hebert
JR. A New Dietary Inflammatory Index Predicts Interval Changes in Serum High-
Sensitivity C-Reactive Protein. J Nutr. 2009;139(12):2365-2372

11. Shivappa N, Hebert JR, Marcos A, Diaz LE, Gomez S, Nova E, Michels N,
Arouca A, González-Gil E, Frederic G, González-Gross M, Castillo MJ, Manios
J, Kersting M, Gunter MJ, De Henau S, Antonios K, Widhalm K, Molnar D,
Moreno L, Huybrechts I. Association between dietary inflammatory index and
inflammatory markers in the HELENA study. Mol Nutr Food Res. 2017; 61(6).
doi: 10.1002/mnfr.201600707

12. Van Woudenbergh GJ, Theofylaktopoulou D, Kuijsten A, Ferreira I, Van
Greevenbroek MM, Van Der Kallen CJ, Schalkwijk CG, Stehouwer CD, Ocké
MC, Nijpels G, Dekker JM, Blaak EE, Feskens EJ. Adapted dietary inflammatory
index and its association with a summary score for low-grade inflammation and
markers of glucose metabolism: The cohort study on diabetes and
atherosclerosis maastricht (CODAM) and the hoorn study. Am J Clin Nutr.
2013;98:1533–1542

13. Fan Y, Jin X, Man C, Gao Z, Xiaoyan W. Meta-analysis of the association
between the inflammatory potential of diet and colorectal cancer risk.
2017;8(35):59592–59600

14. Shivappa N, Godos J, Hébert JR, Wirth MD, Piuri G, Speciani AF, Guiseppe G.
Dietary inflammatory index and colorectal cancer risk - a meta-analysis.
Nutrients. 2017;9:1043-1059

This is a post-print (final draft post-refeering). Published in final edited form as: Jakszyn P, Cayssials V, Buckland G, 
Perez-Cornago A, Weiderpass E, Boeing H, Bergmann MM, Vulcan A, Ohlsson B [et al.]. Inflammatory potential of the 

diet and risk of colorectal cancer in the European Prospective Investigation into Cancer and Nutrition study.
International Journal of Cancer, 2020;147:1027-1039. 

https://doi.org/10.1002/ijc.32870

P
o

s
t-

p
ri

n
t 
–

 A
v
a

ila
b

le
 i
n

 h
tt

p
:/

/w
w

w
.d
au

.u
rl.
ed
u

http://www.dietandcancerreport.org/
http://www.dietandcancerreport.org/


16

15. Zhang C, Wang W, Zhang D. Association between dietary inflammation index
and the risk of colorectal cancer: A meta-analysis. Nutr Cancer. 2018;70(1):14–
22.

16. Calder PC, Ahluwalia N, Brouns F, Buetler T, Clement K, Cunningham K,
Esposito K, Jönsson LS, Kolb H, Lansink M, Marcos A, Margioris A, Matusheski
N, Nordmann H, O'Brien J, Pugliese G, Rizkalla S, Schalkwijk C, Tuomilehto J,
Wärnberg J, Watzl B, Winklhofer-Roob BM.Dietary factors and low-grade
inflammation in relation to overweight and obesity. Br J Nutr. 2011;106:S5–S78

17. Ilich JZ, Kelly OJ, Kim Y, Spicer MT. Low-grade chronic inflammation
perpetuated by modern diet as a promoter of obesity and osteoporosis. Arh Hig
Rada Toksikol. 2014;65:139–148

18. Doyle SL, Donohoe CL, Lysaght J, Reynolds J V. Symposium 3 : Obesity-related
cancers Visceral obesity, metabolic syndrome, insulin resistance and cancer.
Proc Nutr Soc 2011;71:181–189

19. Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS, Nimmo MA. The
anti-inflammatory effects of exercise: mechanisms and implications for the
prevention and treatment of disease. Nat Rev Immunol 2011;11:607–615

20. Riboli E, Hunt K, Slimani N, Ferrari P, Norat T, Fahey M, Charrondière UR,
Hémon B, Casagrande C, Vignat J, Overvad K, Tjønneland A, Clavel-Chapelon
F, Thiébaut A, Wahrendorf J, Boeing H, Trichopoulos D, Trichopoulou A, Vineis
P, Palli D, Bueno-De-Mesquita HB, Peeters PH, Lund E, Engeset D, González
CA, Barricarte A, Berglund G, Hallmans G, Day NE, Key TJ, Kaaks R, Saracci
R. European Prospective Investigation into Cancer and Nutrition (EPIC): study
populations and data collection. Public Health Nutr 2002;5:1113–1124

21. Margetts B, Pietinen P. European Prospective Investigation into Cancer and
Nutrition: validity studies on dietary assessment methods. Int J Epidemiol.
1997;26:S1–S5

22. Slimani N, Kaaks R, Ferrari P, Casagrande C, Clavel-Chapelon F, Lotze G,
Kroke A, Trichopoulos D, Trichopoulou A, Lauria C, Bellegotti M, Ocké MC,
Peeters PH, Engeset D, Lund E, Agudo A, Larrañaga N, Mattisson I, Andren C,
Johansson I, Davey G, Welch AA, Overvad K, Tjønneland A, Van Staveren WA,
Saracci R, Riboli E. European Prospective Investigation into Cancer and
Nutrition (EPIC) calibration study: rationale, design and population
characteristics. Public Health Nutr. 2002;5:1125-1145

23. Slimani N, Deharveng G, Unwin I, Southgate DAT, Vignat J, Skeie G, Salvini S,
Parpinel M, Møller A, Ireland J, Becker W, Farran A, Westenbrink S,
Vasilopoulou E, Unwin J, Borgejordet A, Rohrmann S, Church S, Gnagnarella P,
Casagrande C, van Bakel M, Niravong M, Boutron-Ruault MC, Stripp C,
Tjønneland A, Trichopoulou A, Georga K, Nilsson S, Mattisson I, Ray J, Boeing
H, Ocké M, Peeters PH, Jakszyn P, Amiano P, Engeset D, Lund E, de Magistris
MS, Sacerdote C, Welch A, Bingham S, Subar AF, Riboli E. The EPIC nutrient
database project (ENDB): A first attempt to standardize nutrient databases
across the 10 European countries participating in the EPIC study. Eur J Clin
Nutr. 2007;61:1037–1056.

24. Agudo A, Cayssials V, Bonet C, Tjønneland A, Overvad K, Boutron-Ruault M-C,
Affret A, Fagherazzi G, Katzke V, Schübel R, Trichopoulou A, Karakatsani A, La
Vecchia C, Palli D, Grioni S, Tumino R, Ricceri F, Panico S, Bueno-de-Mesquita
B, Peeters PH, Weiderpass E, Skeie G, Nøst TH, Lasheras C, Rodríguez-
Barranco M, Amiano P, Chirlaque MD, Ardanaz E, Ohlsson B, Dias JA, Nilsson
LM, Myte R, Khaw KT, Perez-Cornago A, Gunter M, Huybrechts I, Cross AJ,
Tsilidis K, Riboli E, Jakszyn P.Inflammatory potential of the diet and risk of
gastric cancer in the European Prospective Investigation into Cancer and
Nutrition (EPIC) study. Am J Clin Nutr 2018;107:607–616.

This is a post-print (final draft post-refeering). Published in final edited form as: Jakszyn P, Cayssials V, Buckland G, 
Perez-Cornago A, Weiderpass E, Boeing H, Bergmann MM, Vulcan A, Ohlsson B [et al.]. Inflammatory potential of the 

diet and risk of colorectal cancer in the European Prospective Investigation into Cancer and Nutrition study.
International Journal of Cancer, 2020;147:1027-1039. 

https://doi.org/10.1002/ijc.32870

P
o

s
t-

p
ri

n
t 
–

 A
v
a

ila
b

le
 i
n

 h
tt

p
:/

/w
w

w
.d
au

.u
rl.
ed
u



17

25. Agudo A, Masegú R, Bonet C, Jakszyn P, Quirós JR, Ardanaz E, Moreno-Iribas
C, Barricarte A, Amiano P, Arriola L, Chamosa S, Dorronsoro M, Larrañaga N,
Navarro C, Chirlaque MD, Cirera L, Gavrila D, Huerta JM, Rodríguez-Barranco
M, Molina-Portillo E, Sánchez MJ. Inflammatory potential of the diet and
mortality in the Spanish cohort of the European Prospective Investigation into
Cancer and Nutrition (EPIC-Spain). Mol Nutr Food Res. 2017;61:1–34.

26. Wareham NJ, Jakes RW, Rennie KL, Schuit J, Mitchell J, Hennings S and Day
NE. Validity and repeatability of a simple index derived from the short physical
activity questionnaire used in the European Prospective Investigation into
Cancer and Nutrition (EPIC) study. Public Health Nutr. 2003;6(4):407–413.

27. Bell S, Mehta G, Moore K, Britton A. Ten-year alcohol consumption typologies
and trajectories of C-reactive protein, interleukin-6 and interleukin-1 receptor
antagonist over the following 12 years: a prospective cohort study. J Intern Med.
2017;281(1):75–85.

28. Sierksma A, Van Der Gaag MS, Kluft C, Hendriks H. Moderate alcohol
consumption reduces C-reactive protein and fibroniogen levels; a randomized,
diet-controlled intervention study. Eur J Clin Nutr. 2002;56:1130–1136.

29. Jayedi A, Emadi A, Shab-Bidar S. Dietary Inflammatory Index and Site-Specific
Cancer Risk: A Systematic Review and Dose-Response  Meta-Analysis. Adv
Nutr. 2018;9(4):388–403.

30. Tabung FK, Steck SE, Ma Y, Liese AD, Zhang J, Caan B, Hou L, Johnson KC,
Mossavar-Rahmani Y, Shivappa N, Wactawski-Wende J, Ockene JK, Hebert
JR. 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.

31. Slattery ML, Ph D, Curtin K, Wolff RK, Boucher KM, Sweeney C, Edwards
S, Caan BJ and Samowitz W. A comparison of colon and rectal somatic DNA
alterations. Nutr Cancer. 2009;52(7):1304–1311.

32. Wei EK, Giovannucci E, Wu K, Rosner B, Fuchs CS, Willett WC, Colditz A.
Comparison of risk factors for colon and rectal cancer. Int J Cancer.
2004;108:433–442.

33. Murphy N, Ward HA, Jenab M, Rothwell JA, Boutron-Ruault M-C, Carbonnel F,
Carbonnel F, Kvaskoff M, Kaaks R, Kühn T, Boeing H, Aleksandrova K,
Weiderpass E, Skeie G, Borch KB, Tjønneland A, Kyrø C, Overvad K, Dahm
CC, Jakszyn P, Sánchez MJ, Gil L, Huerta JM, Barricarte A, Quirós JR, Khaw
KT, Wareham N, Bradbury KE, Trichopoulou A, La Vecchia C, Karakatsani A,
Palli D, Grioni S26, Tumino R, Fasanelli F, Panico S, Bueno-de-Mesquita B,
Peeters PH, Gylling B, Myte R, Jirström K, Berntsson J, Xue X, Riboli E, Cross
AJ, Gunter MJ. Heterogeneity of Colorectal Cancer Risk Factors by Anatomical
Subsite in 10 European Countries: A Multinational Cohort Study. Clin
Gastroenterol Hepatol 2018;17:1323-1331

34. Wirth MD, Shivappa N, Steck SE, Hurley TG, Hébert JR. 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.

35. Harmon BE, Wirth MD, Boushey CJ, Wilkens LR, Draluck E, Shivappa N, Steck
SE, Hofseth L, Haiman CA, Le Marchand L. The Dietary Inflammatory Index Is
Associated with Colorectal Cancer Risk in the Multiethnic Cohort. J Nutr 2017;
147: 430-438.

36. White A, Ironmonger L, Steele RJC, Ormiston-Smith N, Crawford C, Seims A. A
review of sex-related differences in colorectal cancer incidence, screening
uptake, routes to diagnosis, cancer stage and survival in the UK. BMC Cancer.
2018;18:1–11.

International Journal of Cancer
This is a post-print (final draft post-refeering). Published in final edited form as: Jakszyn P, Cayssials V, Buckland G, 

Perez-Cornago A, Weiderpass E, Boeing H, Bergmann MM, Vulcan A, Ohlsson B [et al.]. Inflammatory potential of the 
diet and risk of colorectal cancer in the European Prospective Investigation into Cancer and Nutrition study.

International Journal of Cancer, 2020;147:1027-1039. 
https://doi.org/10.1002/ijc.32870

P
o

s
t-

p
ri

n
t 
–

 A
v
a

ila
b

le
 i
n

 h
tt

p
:/

/w
w

w
.d
au

.u
rl.
ed
u

https://www.ncbi.nlm.nih.gov/pubmed/?term=Edwards%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=19571709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edwards%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=19571709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Caan%20BJ%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=19571709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Samowitz%20W%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=19571709


18

37. Koo JH, Leong RWL. Sex differences in epidemiological, clinical and
pathological characteristics of colorectal cancer. J Gastroenterol Hepatol.
2010;25:33–42.

38. Barzi A, Annika M, Melissa J, Heinz-Josef L. Molecular Pathways: Estrogen
Pathway in Colorectal Cancer. Clin Cancer Res. 2013;19:5842–5848.

39. Pines A. Hormone therapy and large bowel cancer revisited. Climacteric.
2016;19:247–248.

40. Subar A, Kipnis V, Troiano R, Midthune D, Schoeller D, Bingham S, Sharbaugh
CO, Trabulsi J, Runswick S, Ballard-Barbash R, Sunshine J, Schatzkin A. Using
intake biomarkers to evaluate the extent of dietary misreporting in a large
sample of adults: the OPEN study. Am J Epidemiol 2003;158:1–13.

41. Hebert J, Ma Y, Clemow L, Ockene I, Saperia G, Stanek E, Merriam P, Ockene
JK,Gender differences in social desirability and social approval bias in dietary
self-report. Am J Epidemiol. 1997;146:1046–1055.

42. Marques-vidal P, Bochud M, Gaspoz J, Paccaud F, Urwyler A, Hock C,
Preisig M, Vollenweider P. Association between Inflammatory and Obesity
Markers in a Swiss Population- Based Sample (CoLaus Study) 2012:734–744.

43. Hamer M, Sabia S, Batty D, Shipley M, Tabák A, Singh-Manoux A, Kivimaki M,
Physical activity and inflammatory markers over 10 years follow up in men and
women from the Whitehall II cohort study Mark. Circulation. 2012;126:928–933.

44. Paschke S, Jafarov S, Staib L, Kreuser ED, Maulbecker-Armstrong C, Roitman
M, Holm T, Harris C, Link H, Kornmann M. Are colon and rectal cancer two
different tumor entities? A proposal to abandon the term colorectal cancer. Int J
Mol Sci. 2018;19:1–24.

45. Yehuda-Shnaidman E, Schwartz B. Mechanisms linking obesity, inflammation
and altered metabolism to colon carcinogenesis. Obes Rev. 2012;13:1083–
1095.

46. Stidham R, Higgins P. Colorectal Cancer in Inflammatory Bowel Disease. Clin
Colon Rectal Surg. 2018;31(03):168–78.

47. Zhou B, Shu B, Yang J, Liu J, Xi T, Xing Y. C-reactive protein, interleukin-6 and
the risk of colorectal cancer: a meta-analysis. Cancer Causes Control
2014;25(10):1397–1405.

48. Bruce W, Giacca A, Medline A. Possible mechanisms relating diet and risk of
colon cancer. Cancer Epidemiol Biomarkers Prev. 2000;9(12):1271–1279.

49. Song M, Chan A. Diet, Gut Microbiota, and Colorectal Cancer Prevention: A
Review of Potential Mechanisms and Promising Targets for Future Research.
Curr Color Cancer Rep. 2017;13(6):429–439.

50. Veettil SK, Lim KG, Ching SM, Saokaew S, Phisalprapa P, Chaiyakunapruk N.
Effects of aspirin and non-aspirin nonsteroidal anti-inflammatory drugs on the
incidence of recurrent colorectal adenomas: A systematic review with meta- 
analysis and trial sequential analysis of randomized clinical trials. BMC Cancer.
2017;17(1):1–13.

51. Aleksandrova K, Jenab M, Bueno-de-Mesquita HB, Fedirko V, Kaaks R,
Lukanova A, et al. Van Duijnhoven JB, Jansen E, Rinaldi S, Romieu I, Ferrari P,
Murphy N, Gunter J, Riboli E, Westhpal S, Overvad K, Tjønneland A, Halkjær J,
Boutron-Ruault MC, Dossus L, Racine, A, Trichopoulou A, Bamia C, Orfanos P,
Agnoli C, Palli D, Panico S, Tumino R, Vineis P, Peeters P, Duell E, Molina-
Montes E, Quirós JR, Dorronsoro M, Chirlaque MD, Barricarte A, Ljuslinder I,
Palmqvist R, Travis R, Kha KT, Wareham N, Pischon T, Boeing H. Biomarker
patterns of inflammatory and metabolic pathways are associated with risk of
colorectal cancer: Results from the European Prospective Investigation into
Cancer and Nutrition (EPIC). Eur J Epidemiol. 2014;29:261–275.

This is a post-print (final draft post-refeering). Published in final edited form as: Jakszyn P, Cayssials V, Buckland G, 
Perez-Cornago A, Weiderpass E, Boeing H, Bergmann MM, Vulcan A, Ohlsson B [et al.]. Inflammatory potential of the 

diet and risk of colorectal cancer in the European Prospective Investigation into Cancer and Nutrition study.
International Journal of Cancer, 2020;147:1027-1039. 

https://doi.org/10.1002/ijc.32870

P
o

s
t-

p
ri

n
t 
–

 A
v
a

ila
b

le
 i
n

 h
tt

p
:/

/w
w

w
.d
au

.u
rl.
ed
u



Table 1. Main baseline characteristics, number of CRC cases and mean and median 
of the ISD in the EPIC study.

Baseline Characteristics Inflammatory Score of the Diet (ISD)

n % CRC (RC / CC) Median (P25, P75) Mean (95% CI)1
p-

value
Sex

Men 142241 29.9 2589 (1032 / 1557) -0.46 (-1.56, 0.61) -0.30 (-0.31, -0.29) <0.001
Women 333919 70.1 3402 (1062 / 2340) 0.94 (-0.24, 1.93) 0.67 (0.67, 0.68)

European Region2

Northern 137663 28.9 2454 (912 / 1542) 1.43 (0.32, 2.31) 1.26 (1.25, 1.27)
Middle 199891 42.0 2136 (754 / 1382) -0.15 (-1.38, 0.91) -0.34 (-0.35, -0.33) <0.001
Southern 138606 29.1 1401 (428 / 973) 0.64 (-0.59, 1.68) 0.56 (0.55, 0.56)

Age at recruitment, years
<55 306429 64.4 2328 (898 / 1430) 0.47 (-0.88, 1.64) 0.29 (0.28, 0.30)
55 to <65 137863 29.0 2848 (964 / 1884) 0.56 (-0.58, 1.63) 0.53 (0.52, 0.53) <0.001
≥65 31868 6.7 815 (232 / 583) 0.86 (-0.34, 1.84) 0.66 (0.64, 0.67)

Smoking status
Never 233096 49.0 2446 (805 / 1641) 0.43 (-0.83, 1.48) 0.11 (0.10, 0.12)
Former 126822 26.6 2029 (721 / 1308) 0.20 (-1.07, 1.43) 0.24 (0.23, 0.25) <0.001
Current 106564 22.4 1425 (545 / 880) 1.06 (-0.20, 2.18) 1.08 (1.08, 1.09)
Pipe/cigar/occasional/other 9678 2.0 91 (23 / 68) 1.40 (0.28, 2.24) 1.07 (1.04, 1.10)

Physical activity
Inactive 99861 21.0 1487 (457 / 1030) 1.04 (-0.21, 2.01) 0.74 (0.71, 0.75)
Moderately Inactive 156796 32.9 1954 (662 / 1292) 0.47 (-0.76, 1.57) 0.29 (0.29, 0.30)
Moderately Active 125488 26.4 1334 (490 / 844) 0.50 (-0.75, 1.59) 0.34 (0.33, 0.35) <0.001
Active 85191 17.9 1110 (447 / 663) -0.07 (-1.29, 1.16) 0.09 (0.08, 0.10)
Unknown 8824 1.9 106 (38 / 68) 1.49 (0.27, 2.48) 1.40 (1.37, 1.43)

Educational level
None/Primary 142782 30.0 2187 (739 / 1448) 1.17 (-0.08, 2.17) 1.00 (0.99, 1.01)
Technical/professional 105864 22.2 1483 (545 / 938) 0.60 (-0.68, 1.78) 0.48 (0.47, 0.49)
Secondary 97204 20.4 935 (325 / 610) 0.60 (-0.49, 1.53) 0.33 (0.32, 0.34) <0.001
Higher education 113379 23.8 1108 (390 / 718) -0.32 (-1.51, 0.82) -0.33 (-0.34, -0.32)
Unknown 16931 3.6 278 (95 / 183) 0.01 (-1.30, 1.11) -0.30 (-0.33, -0.28)

BMI, Kg/m2

<25.0 246060 51.7 2486 (877 / 1609) 0.44 (-0.84, 1.53) 0.16 (0.15, 0.16)
25.0 to <30.0 166134 34.9 2503 (898 / 1605) 0.53 (-0.73, 1.72) 0.58 (0.57, 0.59) <0.001
≥30.0 63966 13.4 1002 (319 / 683) 0.87 (-0.44, 1.93) 0.74 (0.73, 0.76)

Waist circumference (cm)
<80 women , <94 men 195633 41.1 2170 (776 / 1394) 0.00 (-1.34, 1.28) -0.03 (-0.04, -0.02)
≥80 women , ≥94 men 174659 36.7 2944 (1005 / 1939) 0.56 (-0.68, 1.70) 0.54 (0.54, 0.55) <0.001
Unknown 105868 22.2 877 (313 / 564) 1.15 (0.26, 2.01) 0.88 (0.87, 0.89)

Alcohol consumption, g/day3

Non-consumers 60724 12.8 718 (221 / 497) 1.35 (0.27, 2.22) 0.87 (0.86, 0.89)
Low-moderate 322940 67.8 3821 (1330 / 2491) 0.48 (-0.82, 1.62) 0.31 (0.31, 0.32) <0.001
Moderate-high 92496 19.4 1452 (543 / 909) 0.14 (-1.00, 1.22) 0.32 (0.31, 0.33)
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Table 1.Continued….

Baseline Characteristics Inflammatory Score of the Diet (ISD)

n % CRC (RC / CC) Median (P25, P75) Mean (95% CI)1
p-

value
Fibre intake g/d (quartiles)

<17.4 119040 25.0 1556 (505 / 1051) 1.73 (0.76, 2.49) 1.59 (1.58, 1.60)
17.4 - 21.8 119040 25.0 1492 (533 / 959) 0.96 (-0.03, 1.80) 0.81 (0.80, 0.82) <0.001
21.8 - 27.0 119040 25.0 1493 (514 / 979) 0.25 (-0.76, 1.16) 0.13 (0.12, 0.14)
≥27.0 119040 25.0 1450 (542 / 908) -0.96 (-2.01, 0.08) -0.99 (-1.00, -0.98)

Red meat intake, g/d (quartiles)
<16.1 119108 25.0 1166 (384 / 782) 0.22 (-1.48, 1.58) -0.29 (-0.30, -0.28)
16.1 - 34.9 118974 25.0 1413 (477 / 936) 0.79 (-0.45, 1.85) 0.48 (0.47, 0.49) <0.001
34.9 - 63.1 119038 25.0 1634 (553 / 1081) 0.73 (-0.43, 1.78) 0.65 (0.64, 0.66)

≥63.1 119040 25.0 1778 (680 / 1098) 0.32 (-0.77, 1.34) 0.70 (0.69, 0.70)
Processed meat intake, g/d (quartiles)

<10.5 119040 25.0 1168 (379 / 789) 0.15 (-1.47, 1.48) -0.32 (-0.32, -0.31)
10.5 - 24.3 119040 25.0 1620 (548 / 1072) 0.72 (-0.47, 1.80) 0.42 (0.41, 0.43) <0.001
24.3 - 43.9 119063 25.0 1623 (588 / 1035) 0.73 (-0.40, 1.77) 0.65 (0.64, 0.66)

≥43.9 119017 25.0 1580 (579 / 1001) 0.39 (-0.75, 1.52) 0.78 (0.77, 0.79)
Abbreviations: CRC (RC / CC): Colorectal cancer (rectal cancer / colon cancer)
1Age, sex, and energy-adjusted means (95 Confidence Levels) obtained from linear regression models. 2European regions 
defined as Northern (Norway, Denmark and Sweden), Middle (United Kingdom, Germany, Holland and EPIC centers in northern 
France) and Southern (Spain, Italy, Greece and EPIC centers in southern France). 3Alcohol consumption: Non-consumers
(<0.1g/d), Low-moderate (<15g/d women, <30g/d men), Moderate-high (≥15g/d women , ≥30 g/d men)
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Table 2. Adjusted HRs and 95% CI for colorectal cancer, by tumour subsite, according to the Inflammatory 
Score of the Diet (ISD) in the EPIC study.

Inflammatory Score of the Diet (ISD), HR (95% CI)1 ISD continuous2

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-trend HR (95% CI)

Colorectal cancer, n 1,167 1,439 1,517 1,868

All Referent 1.09 (1.00, 1.18) 1.12 (1.03, 1.23) 1.15 (1.04, 1.27) 0.009 1.06 (1.01, 1.10)

Men Referent 1.13 (0.99, 1.29) 1.23 (1.07, 1.41) 1.23 (1.05, 1.44) 0.006 1.08 (1.01, 1.15)

Women Referent 1.05 (0.95, 1.18) 1.05 (0.93, 1.19) 1.09 (0.95, 1.25) 0.279 1.03 (0.98, 1.10)

Colon cancer, n 756 925 952 1,264

All Referent 1.09 (0.98, 1.21) 1.11 (0.99, 1.24) 1.24 (1.09, 1.41) 0.001 1.10 (1.04, 1.16)

Men Referent 1.17 (0.99, 1.40) 1.29 (1.07, 1.54) 1.44 (1.18, 1.76) <0.001 1.16 (1.07, 1.26)

Women Referent 1.05 (0.92, 1.20) 1.02 (0.88, 1.18) 1.14 (0.96, 1.35) 0.188 1.06 (0.99, 1.14)

Proximal colon cancer, n 350 452 451 624

All Referent 1.14 (0.98, 1.32) 1.14 (0.96, 1.34) 1.29 (1.07, 1.55) 0.012 1.13 (1.04, 1.22)

Distal colon cancer, n 353 395 438 557

All Referent 0.99 (0.84, 1.15) 1.07 (0.91, 1.27) 1.14 (0.94, 1.37) 0.113 1.08 (1.00, 1.17)

Rectal cancer, n 411 514 565 604

All Referent 1.08 (0.94, 1.24) 1.14 (0.99, 1.33) 0.99 (0.83, 1.17) 0.997 0.98 (0.91, 1.05)

Men Referent 1.08 (0.88, 1.32) 1.16 (0.94, 1.43) 0.98 (0.77, 1.25) 0.970 0.98 (0.88, 1.08)

Women Referent 1.07 (0.88, 1.30) 1.13 (0.91, 1.39) 0.98 (0.76, 1.26) 0.983 0.98 (0.88, 1.08)
1Multivariate model: stratified by age, sex and center, and adjusted for energy intake (residual), tobacco smoking, physical activity, educational 
level, BMI, alcohol consumption, and intake of red meat, processed meat, and fibre.
2Hazard ratio (HR) per each increase in one standard deviation (SD) of the ISD.
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Table 3. Adjusted HR and 95% CI for CRC according to cohort subgroups in relation to the Inflammatory Score of the Diet (ISD) in 
the EPIC study.

Colorectal Cancer Colon Cancer Rectal Cancer
Cohort Subgroup ISD continuous1 ISD continuous1 ISD continuous1n, 

cases HR (95% CI)
p- 

value2

n, 
cases HR (95% CI)

p- 
value2

n, 
cases HR (95% CI)

p- 
value2

Sex
Male 2589 1.08 (1.01, 1.15) 0.159 1557 1.16 (1.07, 1.26) 0.082 1032 0.98 (0.88, 1.08) 0.758
Female 3402 1.03 (0.98, 1.10) 2340 1.06 (0.99, 1.14) 1062 0.98 (0.88, 1.08)

Age, yr
<55 2328 1.02 (0.95, 1.09) 1430 1.08 (0.98, 1.18) 898 0.94 (0.84, 1.05)
55-65 2848 1.09 (1.03, 1.16) 0.465 1884 1.14 (1.06, 1.23) 0.444 964 1.01 (0.91, 1.12) 0.453
65+ 815 1.02 (0.90, 1.14) 583 1.01 (0.88, 1.16) 232 1.04 (0.83, 1.30)

European region
North 2454 1.09 (1.02, 1.17) 1542 1.17 (1.07, 1.28) 912 0.98 (0.88, 1.09)
Middle 2136 1.02 (0.95, 1.09) 0.067 1382 1.05 (0.97, 1.15) 0.073 754 0.97 (0.87, 1.09) 0.199
South 1401 1.11 (0.99, 1.24) 973 1.10 (0.96, 1.26) 428 1.14 (0.93, 1.40)

Smoking status
Never 2446 1.00 (0.93, 1.08) 1641 1.03 (0.94, 1.13) 805 0.96 (0.85, 1.08)
Former 2029 1.12 (1.04, 1.20) 0.482 1308 1.14 (1.05, 1.25) 0.918 721 1.07 (0.95, 1.20) 0.309
Smoker 1425 1.03 (0.95, 1.12) 880 1.15 (1.03, 1.29) 545 0.86 (0.75, 0.99)

Physical activity
Inactive 1487 1.02 (0.93, 1.12) 1030 1.04 (0.93, 1.16) 457 1.00 (0.85, 1.18)
Moderately Inactive 1954 1.05 (0.97, 1.14) 0.761 1292 1.14 (1.03, 1.25) 0.847 662 0.92 (0.80, 1.05) 0.285
Moderately Active 1334 1.08 (0.98, 1.19) 844 1.16 (1.03, 1.30) 490 0.98 (0.84, 1.14)
Active 1110 1.07 (0.97, 1.17) 663 1.09 (0.96, 1.22) 447 1.04 (0.90, 1.21)

Educational level
None/Primary 2187 1.02 (0.94, 1.10) 1448 1.06 (0.96, 1.17) 739 0.95 (0.83, 1.08)
Technical/professional 1483 1.04 (0.95, 1.13) 0.287 938 1.13 (1.01, 1.26) 0.184 545 0.92 (0.80, 1.05) 0.520
Secondary 935 1.00 (0.89, 1.13) 610 1.03 (0.89, 1.19) 325 0.95 (0.79, 1.16)
Higher education 1108 1.19 (1.08, 1.32) 718 1.20 (1.06, 1.36) 390 1.18 (1.00, 1.40)
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Table 3. Continued…

Colorectal Cancer Colon Cancer Rectal Cancer
Cohort Subgroup ISD continuous1 ISD continuous1 ISD continuous1n, 

cases HR (95% CI)
p- 

value2

n, 
cases HR (95% CI)

p- 
value2

n, 
cases HR (95% CI)

p- 
value2

BMI, Kg/m2

<25.0 2486 1.01 (0.94, 1.08) 0.187 1609 1.06 (0.97, 1.15) 0.250 877 0.92 (0.82, 1.03) 0.535
≥25.0 3505 1.11 (1.05, 1.17) 2288 1.15 (1.08, 1.24) 1217 1.03 (0.93, 1.13)

Waist circumference (cm)
<80 women <94 men 2170 1.03 (0.96, 1.10) 0.520 1394 1.06 (0.97, 1.16) 0.847 776 0.97 (0.86, 1.09) 0.55
≥80 women , ≥94 men 2944 1.09 (1.03, 1.16) 1939 1.14 (1.05, 1.22) 1005 1.01 (0.91, 1.12)

Alcohol consumption, g/day3

Non-consumers 718 0.98 (0.86, 1.12) 497 0.99 (0.85, 1.16) 221 0.96 (0.76, 1.21)
Low-moderate 3821 1.04 (0.98, 1.09) 0.232 2491 1.09 (1.02, 1.16) 0.317 1330 0.95 (0.87, 1.04) 0.648
Moderate-high 1452 1.12 (1.03, 1.21) 909 1.15 (1.03, 1.28) 543 1.06 (0.93, 1.22)

Processed meat intake, g/day
Low, <25 2856 1.03 (0.97, 1.10) 1905 1.08 (1.00, 1.16) 951 0.95 (0.86, 1.05)
Moderate, 25 - 50 1860 1.08 (1.00, 1.17) 0.368 1185 1.09 (0.99, 1.21) 0.082 675 1.07 (0.94, 1.22) 0.568
High, ≥50 1275 1.07 (0.97, 1.18) 807 1.19 (1.05, 1.36) 468 0.90 (0.76, 1.06)

1Hazard ratio (HR) per each increase in one standard deviation (SD) of the ISD. 2Significance level for the interaction between participant's 
characteristics and the ISD. 3Alcohol consumption: Non-consumers (<0.1g/d), Low-moderate (<15g/d women, <30g/d men), Moderate-high
(≥15g/d women , ≥30g/d men)
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Table 4. Adjusted HR and 95% CI for CRC according to the Inflammatory Profile Score (IPS).

Inflammatory Profile Score (IPS)1

Colorectal 
Cancer Level 0

HR (95% CI)
Level 1

HR (95% CI)
Level 2

HR (95% CI)
Level 3

HR (95% CI)
Level 4

HR (95% CI)

p-value
trend

Colorectal cancer 352 1020 1445 1423 790
All Referent 1.13 (1.00, 1.28) 1.20 (1.05, 1.37) 1.28 (1.11, 1.48) 1.37 (1.16, 1.62) <0.001
Men Referent 1.20 (0.99, 1.45) 1.30 (1.07, 1.58) 1.47 (1.18, 1.82) 1.62 (1.25, 2.09) <0.001
Women Referent 1.06 (0.90, 1.26) 1.11 (0.93, 1.33) 1.11 (0.92, 1.36) 1.17 (0.93, 1.48) 0.195

Colon cancer 200 664 918 945 553
All Referent 1.27 (1.08, 1.49) 1.30 (1.09, 1.54) 1.45 (1.20, 1.74) 1.62 (1.31, 2.01) <0.001
Men Referent 1.41 (1.09, 1.83) 1.50 (1.14, 1.97) 1.80 (1.34, 2.41) 2.11 (1.50, 2.97) <0.001
Women Referent 1.16 (0.94, 1.43) 1.15 (0.92, 1.44) 1.21 (0.95, 1.55) 1.32 (0.99, 1.74) 0.102

Rectal cancer 152 356 527 478 237
All Referent 0.95 (0.78, 1.15) 1.07 (0.87, 1.32) 1.04 (0.83, 1.31) 1.02 (0.78, 1.35) 0.612
Men Referent 0.99 (0.75, 1.30) 1.10 (0.82, 1.46) 1.13 (0.82, 1.55) 1.12 (0.76, 1.65) 0.543
Women Referent 0.91 (0.68, 1.21) 1.05 (0.78, 1.41) 0.94 (0.68, 1.32) 0.91 (0.61, 1.37) 0.903

1Inflammatory profile score calculated as Inflammatory Score of the Diet (sex-specific tertile 1=0; tertile 2=1; tertile
3=2) + waist circumference (men<94cm and women<80cm=0; men≥94cm n d women≥80cm=1) + physical activity
(active or moderately active=0; inactive or moderately inactive=1).
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Table 5. Sensitivity analyses for the association between colorectal cancer, by tumour subsite, according to the Score of the Diet 
(ISD) in the EPIC study.

Inflammatory Score of the Diet (ISD), HR (95% CI)1 ISD continuous2

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-trend HR (95% CI)

Excluding first 2yr follow-up3

Colorectal cancer Referent 1.08 (0.99, 1.18) 1.12 (1.02, 1.23) 1.16 (1.04, 1.29) 0,007 1.06 (1.02, 1.11)
Colon cancer Referent 1.11 (0.99, 1.23) 1.12 (0.99, 1.26) 1.26 (1.11, 1.44) 0,001 1.11 (1.05, 1.17)
Rectal cancer Referent 1.03 (0.89, 1.20) 1.12 (0.96, 1.31) 0.98 (0.82, 1.18) 0,925 0.98 (0.91, 1.06)

ISD excluding alcohol4

Colorectal cancer Referent 1.08 (1.00, 1.18) 1.10 (1.01, 1.21) 1.15 (1.04, 1.27) 0,012 1.05 (1.01, 1.10)
Colon cancer Referent 1.09 (0.98, 1.21) 1.10 (0.98, 1.23) 1.25 (1.11, 1.42) 0,001 1.10 (1.04, 1.16)
Rectal cancer Referent 1.08 (0.94, 1.24) 1.12 (0.96, 1.29) 0.97 (0.81, 1.15) 0,756 0.98 (0.91, 1.05)

Additional adjustment in women5

Colorectal cancer Referent 1.05 (0.94, 1.17) 1.05 (0.93, 1.18) 1.08 (0.94, 1.24) 0,328 1.03 (0.97, 1.09)
Colon cancer Referent 1.04 (0.92, 1.19) 1.02 (0.88, 1.17) 1.13 (0.95, 1.33) 0,224 1.06 (0.99, 1.14)
Rectal cancer Referent 1.07 (0.88, 1.30) 1.12 (0.91, 1.39) 0.98 (0.76, 1.26) 0,955 0.97 (0.88, 1.08)
1Multivariate model: stratified by age, sex and center, and adjusted for energy intake (residual), tobacco smoking, physical activity, educational level, 
BMI, alcohol consumption, and intake of red meat, processed meat, and fibre.
2Hazard ratio (HR) per each increase in one standard deviation (SD) of the ISD.
3Multivariate model excluding incident cases occurring during the first 2 years of follow-up.
4Multivariate model with the ISD calculated without including the alcohol component.
5Multivariate model in women with additional adjustment for hormone replacement therapy, menopausal status and contraceptive pill use.
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Table 1. Main baseline characteristics, number of CRC cases and mean and median 
of the ISD in the EPIC study.

Baseline Characteristics Inflammatory Score of the Diet (ISD)

n % CRC (RC / CC) Median (P25, P75) Mean (95% CI)1
p-

value
Sex

Men 142241 29.9 2589 (1032 / 1557) -0.46 (-1.56, 0.61) -0.30 (-0.31, -0.29) <0.001
Women 333919 70.1 3402 (1062 / 2340) 0.94 (-0.24, 1.93)  0.67 (0.67, 0.68)

European Region2

Northern 137663 28.9 2454 (912 / 1542) 1.43 (0.32, 2.31)  1.26 (1.25, 1.27)
Middle 199891 42.0 2136 (754 / 1382) -0.15 (-1.38, 0.91) -0.34 (-0.35, -0.33) <0.001
Southern 138606 29.1 1401 (428 / 973) 0.64 (-0.59, 1.68)  0.56 (0.55, 0.56)

Age at recruitment, years
<55 306429 64.4 2328 (898 / 1430) 0.47 (-0.88, 1.64) 0.29 (0.28, 0.30)
55 to <65 137863 29.0 2848 (964 / 1884) 0.56 (-0.58, 1.63) 0.53 (0.52, 0.53) <0.001
≥65 31868 6.7 815 (232 / 583) 0.86 (-0.34, 1.84) 0.66 (0.64, 0.67)

Smoking status
Never 233096 49.0 2446 (805 / 1641) 0.43 (-0.83, 1.48) 0.11 (0.10, 0.12)
Former 126822 26.6 2029 (721 / 1308) 0.20 (-1.07, 1.43) 0.24 (0.23, 0.25) <0.001
Current 106564 22.4 1425 (545 / 880) 1.06 (-0.20, 2.18) 1.08 (1.08, 1.09)
Pipe/cigar/occasional/other 9678 2.0 91 (23 / 68) 1.40 (0.28, 2.24) 1.07 (1.04, 1.10)

Physical activity
Inactive 99861 21.0 1487 (457 / 1030) 1.04 (-0.21, 2.01) 0.74 (0.71, 0.75)
Moderately Inactive 156796 32.9 1954 (662 / 1292) 0.47 (-0.76, 1.57) 0.29 (0.29, 0.30)
Moderately Active 125488 26.4 1334 (490 / 844) 0.50 (-0.75, 1.59) 0.34 (0.33, 0.35) <0.001
Active 85191 17.9 1110 (447 / 663) -0.07 (-1.29, 1.16) 0.09 (0.08, 0.10)
Unknown 8824 1.9 106 (38 / 68) 1.49 (0.27, 2.48) 1.40 (1.37, 1.43)

Educational level
None/Primary 142782 30.0 2187 (739 / 1448) 1.17 (-0.08, 2.17) 1.00 (0.99, 1.01)
Technical/professional 105864 22.2 1483 (545 / 938) 0.60 (-0.68, 1.78) 0.48 (0.47, 0.49)
Secondary 97204 20.4 935 (325 / 610) 0.60 (-0.49, 1.53) 0.33 (0.32, 0.34) <0.001
Higher education 113379 23.8 1108 (390 / 718) -0.32 (-1.51, 0.82) -0.33 (-0.34, -0.32)
Unknown 16931 3.6 278 (95 / 183) 0.01 (-1.30, 1.11) -0.30 (-0.33, -0.28)

BMI, Kg/m2

<25.0 246060 51.7 2486 (877 / 1609) 0.44 (-0.84, 1.53) 0.16 (0.15, 0.16)
25.0 to <30.0 166134 34.9 2503 (898 / 1605) 0.53 (-0.73, 1.72) 0.58 (0.57, 0.59) <0.001
≥30.0 63966 13.4 1002 (319 / 683) 0.87 (-0.44, 1.93) 0.74 (0.73, 0.76)

Waist circumference (cm)
<80 women , <94 men 195633 41.1 2170 (776 / 1394) 0.00 (-1.34, 1.28) -0.03 (-0.04, -0.02)
≥80 women , ≥94 men 174659 36.7 2944 (1005 / 1939) 0.56 (-0.68, 1.70)  0.54 (0.54, 0.55) <0.001
Unknown 105868 22.2 877 (313 / 564) 1.15 (0.26, 2.01)  0.88 (0.87, 0.89)

Alcohol consumption, g/day3

Non-consumers 60724 12.8 718 (221 / 497) 1.35 (0.27, 2.22) 0.87 (0.86, 0.89)
Low-moderate  322940 67.8 3821 (1330 / 2491) 0.48 (-0.82, 1.62) 0.31 (0.31, 0.32) <0.001
Moderate-high 92496 19.4 1452 (543 / 909) 0.14 (-1.00, 1.22) 0.32 (0.31, 0.33)
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Table 1.Continued….

Baseline Characteristics Inflammatory Score of the Diet (ISD)

n % CRC (RC / CC) Median (P25, P75) Mean (95% CI)1
p-

value
Fibre intake g/d (quartiles)

<17.4 119040 25.0 1556 (505 / 1051) 1.73 (0.76, 2.49) 1.59 (1.58, 1.60)
17.4 - 21.8 119040 25.0 1492 (533 / 959) 0.96 (-0.03, 1.80) 0.81 (0.80, 0.82) <0.001
21.8 - 27.0 119040 25.0 1493 (514 / 979) 0.25 (-0.76, 1.16) 0.13 (0.12, 0.14)
≥27.0 119040 25.0 1450 (542 / 908) -0.96 (-2.01, 0.08) -0.99 (-1.00, -0.98)

Red meat intake, g/d (quartiles)
<16.1 119108 25.0 1166 (384 / 782) 0.22 (-1.48, 1.58) -0.29 (-0.30, -0.28)
 16.1 - 34.9 118974 25.0 1413 (477 / 936) 0.79 (-0.45, 1.85)  0.48 (0.47, 0.49) <0.001
 34.9 - 63.1 119038 25.0 1634 (553 / 1081) 0.73 (-0.43, 1.78)  0.65 (0.64, 0.66)
≥63.1 119040 25.0 1778 (680 / 1098) 0.32 (-0.77, 1.34)  0.70 (0.69, 0.70)

Processed meat intake, g/d (quartiles)
<10.5 119040 25.0 1168 (379 / 789) 0.15 (-1.47, 1.48) -0.32 (-0.32, -0.31)
 10.5 - 24.3 119040 25.0 1620 (548 / 1072) 0.72 (-0.47, 1.80) 0.42 (0.41, 0.43) <0.001
 24.3 - 43.9 119063 25.0 1623 (588 / 1035) 0.73 (-0.40, 1.77) 0.65 (0.64, 0.66)
≥43.9 119017 25.0 1580 (579 / 1001) 0.39 (-0.75, 1.52) 0.78 (0.77, 0.79)

Abbreviations: CRC (RC / CC): Colorectal cancer (rectal cancer / colon cancer)
1Age, sex, and energy-adjusted means (95 Confidence Levels) obtained from linear regression models. 2European regions 
defined as Northern (Norway, Denmark and Sweden), Middle (United Kingdom, Germany, Holland and EPIC centers in northern 
France) and Southern (Spain, Italy, Greece and EPIC centers in southern France). 3Alcohol consumption: Non-consumers 
(<0.1g/d), Low-moderate (<15g/d women, <30g/d men), Moderate-high  (≥15g/d women , ≥30 g/d men)
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Table 2. Adjusted HRs and 95% CI for colorectal cancer, by tumour subsite, according to the Inflammatory 
Score of the Diet (ISD) in the EPIC study.

Inflammatory Score of the Diet (ISD), HR (95% CI)1 ISD continuous2

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-trend HR (95% CI)

Colorectal cancer, n 1,167 1,439 1,517 1,868

All Referent 1.09 (1.00, 1.18) 1.12 (1.03, 1.23) 1.15 (1.04, 1.27) 0.009 1.06 (1.01, 1.10)

Men Referent 1.13 (0.99, 1.29) 1.23 (1.07, 1.41) 1.23 (1.05, 1.44) 0.006 1.08 (1.01, 1.15)

Women Referent 1.05 (0.95, 1.18) 1.05 (0.93, 1.19) 1.09 (0.95, 1.25) 0.279 1.03 (0.98, 1.10)

Colon cancer, n 756 925 952 1,264

All Referent 1.09 (0.98, 1.21) 1.11 (0.99, 1.24) 1.24 (1.09, 1.41) 0.001 1.10 (1.04, 1.16)

Men Referent 1.17 (0.99, 1.40) 1.29 (1.07, 1.54) 1.44 (1.18, 1.76) <0.001 1.16 (1.07, 1.26)

Women Referent 1.05 (0.92, 1.20) 1.02 (0.88, 1.18) 1.14 (0.96, 1.35) 0.188 1.06 (0.99, 1.14)

Proximal colon cancer, n 350 452 451 624

All Referent 1.14 (0.98, 1.32) 1.14 (0.96, 1.34) 1.29 (1.07, 1.55) 0.012 1.13 (1.04, 1.22)

Distal colon cancer, n 353 395 438 557

All Referent 0.99 (0.84, 1.15)  1.07 (0.91, 1.27) 1.14 (0.94, 1.37) 0.113 1.08 (1.00, 1.17)

Rectal cancer, n 411 514 565 604

All Referent 1.08 (0.94, 1.24) 1.14 (0.99, 1.33) 0.99 (0.83, 1.17) 0.997 0.98 (0.91, 1.05)

Men Referent 1.08 (0.88, 1.32) 1.16 (0.94, 1.43) 0.98 (0.77, 1.25) 0.970 0.98 (0.88, 1.08)

Women Referent 1.07 (0.88, 1.30) 1.13 (0.91, 1.39) 0.98 (0.76, 1.26) 0.983 0.98 (0.88, 1.08)
1Multivariate model: stratified by age, sex and center, and adjusted for energy intake (residual), tobacco smoking, physical activity, educational 
level, BMI, alcohol consumption, and intake of red meat, processed meat, and fibre. 
2Hazard ratio (HR) per each increase in one standard deviation (SD) of the ISD.
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Table 3. Adjusted HR and 95% CI for CRC according to cohort subgroups in relation to the Inflammatory Score of the Diet (ISD) in 
the EPIC study.

Colorectal Cancer Colon Cancer Rectal Cancer
Cohort Subgroup ISD continuous1 ISD continuous1 ISD continuous1n, 

cases HR (95% CI)
p-

value2

n, 
cases HR (95% CI)

p-
value2

n, 
cases HR (95% CI)

p-
value2

Sex
Male 2589 1.08 (1.01, 1.15) 0.159 1557 1.16 (1.07, 1.26) 0.082 1032 0.98 (0.88, 1.08) 0.758
Female 3402 1.03 (0.98, 1.10) 2340 1.06 (0.99, 1.14) 1062 0.98 (0.88, 1.08)

Age, yr
<55 2328 1.02 (0.95, 1.09) 1430 1.08 (0.98, 1.18) 898 0.94 (0.84, 1.05)
55-65 2848 1.09 (1.03, 1.16) 0.465 1884 1.14 (1.06, 1.23) 0.444 964 1.01 (0.91, 1.12) 0.453
65+ 815 1.02 (0.90, 1.14) 583 1.01 (0.88, 1.16) 232 1.04 (0.83, 1.30)

European region
North 2454 1.09 (1.02, 1.17) 1542 1.17 (1.07, 1.28) 912 0.98 (0.88, 1.09)
Middle 2136 1.02 (0.95, 1.09) 0.067 1382 1.05 (0.97, 1.15) 0.073 754 0.97 (0.87, 1.09) 0.199
South 1401 1.11 (0.99, 1.24) 973 1.10 (0.96, 1.26) 428 1.14 (0.93, 1.40)

Smoking status
Never 2446 1.00 (0.93, 1.08) 1641 1.03 (0.94, 1.13) 805 0.96 (0.85, 1.08)
Former 2029 1.12 (1.04, 1.20) 0.482 1308 1.14 (1.05, 1.25) 0.918 721 1.07 (0.95, 1.20) 0.309
Smoker 1425 1.03 (0.95, 1.12) 880 1.15 (1.03, 1.29) 545 0.86 (0.75, 0.99)

Physical activity
Inactive 1487 1.02 (0.93, 1.12) 1030 1.04 (0.93, 1.16) 457 1.00 (0.85, 1.18)
Moderately Inactive 1954 1.05 (0.97, 1.14) 0.761 1292 1.14 (1.03, 1.25) 0.847 662 0.92 (0.80, 1.05) 0.285
Moderately Active 1334 1.08 (0.98, 1.19) 844 1.16 (1.03, 1.30) 490 0.98 (0.84, 1.14)
Active 1110 1.07 (0.97, 1.17) 663 1.09 (0.96, 1.22) 447 1.04 (0.90, 1.21)

Educational level
None/Primary 2187 1.02 (0.94, 1.10) 1448 1.06 (0.96, 1.17) 739 0.95 (0.83, 1.08)
Technical/professional 1483 1.04 (0.95, 1.13) 0.287 938 1.13 (1.01, 1.26) 0.184 545 0.92 (0.80, 1.05) 0.520
Secondary 935 1.00 (0.89, 1.13) 610 1.03 (0.89, 1.19) 325 0.95 (0.79, 1.16)
Higher education 1108 1.19 (1.08, 1.32) 718 1.20 (1.06, 1.36) 390 1.18 (1.00, 1.40)
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Table 3. Continued…

Colorectal Cancer Colon Cancer Rectal Cancer
Cohort Subgroup ISD continuous1 ISD continuous1 ISD continuous1n, 

cases HR (95% CI)
p-

value2

n, 
cases HR (95% CI)

p-
value2

n, 
cases HR (95% CI)

p-
value2

BMI, Kg/m2

<25.0 2486 1.01 (0.94, 1.08) 0.187 1609 1.06 (0.97, 1.15) 0.250 877 0.92 (0.82, 1.03) 0.535
≥25.0 3505 1.11 (1.05, 1.17) 2288 1.15 (1.08, 1.24) 1217 1.03 (0.93, 1.13)

Waist circumference (cm)
<80 women <94 men 2170 1.03 (0.96, 1.10) 0.520 1394 1.06 (0.97, 1.16) 0.847 776 0.97 (0.86, 1.09) 0.55
≥80 women , ≥94 men 2944 1.09 (1.03, 1.16) 1939 1.14 (1.05, 1.22) 1005 1.01 (0.91, 1.12)

Alcohol consumption, g/day3

Non-consumers 718 0.98 (0.86, 1.12) 497 0.99 (0.85, 1.16) 221 0.96 (0.76, 1.21)
Low-moderate  3821 1.04 (0.98, 1.09) 0.232 2491 1.09 (1.02, 1.16) 0.317 1330 0.95 (0.87, 1.04) 0.648
Moderate-high 1452 1.12 (1.03, 1.21) 909 1.15 (1.03, 1.28) 543 1.06 (0.93, 1.22)

Processed meat intake, g/day
Low, <25 2856 1.03 (0.97, 1.10) 1905 1.08 (1.00, 1.16) 951 0.95 (0.86, 1.05)
Moderate, 25 - 50 1860 1.08 (1.00, 1.17) 0.368 1185 1.09 (0.99, 1.21) 0.082 675 1.07 (0.94, 1.22) 0.568
High, ≥50 1275 1.07 (0.97, 1.18) 807 1.19 (1.05, 1.36) 468 0.90 (0.76, 1.06)

1Hazard ratio (HR) per each increase in one standard deviation (SD) of the ISD. 2Significance level for the interaction between participant's 
characteristics and the ISD. 3Alcohol consumption: Non-consumers (<0.1g/d), Low-moderate (<15g/d women, <30g/d men), Moderate-high  
(≥15g/d women , ≥30g/d men)

This is a post-print (final draft post-refeering). Published in final edited form as: Jakszyn P, Cayssials V, Buckland G, 
Perez-Cornago A, Weiderpass E, Boeing H, Bergmann MM, Vulcan A, Ohlsson B [et al.]. Inflammatory potential of the 

diet and risk of colorectal cancer in the European Prospective Investigation into Cancer and Nutrition study. 
International Journal of Cancer, 2020;147:1027-1039.

https://doi.org/10.1002/ijc.32870

.

1 

P
o

s
t-

p
ri

n
t 
–

 A
v
a

ila
b

le
 i
n

 h
tt

p
:/

/w
w

w
.d
au

.u
rl.
ed
u

30



Table 4. Adjusted HR and 95% CI for CRC according to the Inflammatory Profile Score (IPS).

 Inflammatory Profile Score (IPS)1 
Colorectal 
Cancer Level 0         

HR (95% CI)
Level 1             

HR (95% CI)
Level 2             

HR (95% CI)
Level 3             

HR (95% CI)
Level 4             

HR (95% CI)

p-value
trend

Colorectal cancer 352 1020 1445 1423 790
All Referent 1.13 (1.00, 1.28) 1.20 (1.05, 1.37) 1.28 (1.11, 1.48) 1.37 (1.16, 1.62) <0.001
Men Referent 1.20 (0.99, 1.45) 1.30 (1.07, 1.58) 1.47 (1.18, 1.82) 1.62 (1.25, 2.09) <0.001
Women Referent 1.06 (0.90, 1.26) 1.11 (0.93, 1.33) 1.11 (0.92, 1.36) 1.17 (0.93, 1.48) 0.195

Colon cancer 200 664 918 945 553
All Referent 1.27 (1.08, 1.49) 1.30 (1.09, 1.54) 1.45 (1.20, 1.74) 1.62 (1.31, 2.01) <0.001
Men Referent 1.41 (1.09, 1.83) 1.50 (1.14, 1.97) 1.80 (1.34, 2.41) 2.11 (1.50, 2.97) <0.001
Women Referent 1.16 (0.94, 1.43) 1.15 (0.92, 1.44) 1.21 (0.95, 1.55) 1.32 (0.99, 1.74) 0.102

Rectal cancer 152 356 527 478 237
All Referent 0.95 (0.78, 1.15) 1.07 (0.87, 1.32) 1.04 (0.83, 1.31) 1.02 (0.78, 1.35) 0.612
Men Referent 0.99 (0.75, 1.30) 1.10 (0.82, 1.46) 1.13 (0.82, 1.55) 1.12 (0.76, 1.65) 0.543
Women Referent 0.91 (0.68, 1.21) 1.05 (0.78, 1.41) 0.94 (0.68, 1.32) 0.91 (0.61, 1.37) 0.903

1Inflammatory profile score calculated as Inflammatory Score of the Diet (sex-specific tertile 1=0; tertile 2=1; tertile 
3=2) + waist circumference (men<94cm and women<80cm=0; men≥94cm n d women≥80cm=1) +  physical activity 
(active or moderately active=0; inactive or moderately inactive=1).
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Table 5. Sensitivity analyses for the association between colorectal cancer, by tumour subsite, according to the Score of the Diet 
(ISD) in the EPIC study.

Inflammatory Score of the Diet (ISD), HR (95% CI)1 ISD continuous2

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-trend HR (95% CI)

Excluding first 2yr follow-up3

Colorectal cancer Referent 1.08 (0.99, 1.18) 1.12 (1.02, 1.23) 1.16 (1.04, 1.29) 0,007 1.06 (1.02, 1.11)
Colon cancer Referent 1.11 (0.99, 1.23) 1.12 (0.99, 1.26) 1.26 (1.11, 1.44) 0,001 1.11 (1.05, 1.17)
Rectal cancer Referent 1.03 (0.89, 1.20) 1.12 (0.96, 1.31) 0.98 (0.82, 1.18) 0,925 0.98 (0.91, 1.06)

ISD excluding alcohol4
Colorectal cancer Referent 1.08 (1.00, 1.18) 1.10 (1.01, 1.21) 1.15 (1.04, 1.27) 0,012 1.05 (1.01, 1.10)
Colon cancer Referent 1.09 (0.98, 1.21) 1.10 (0.98, 1.23) 1.25 (1.11, 1.42) 0,001 1.10 (1.04, 1.16)
Rectal cancer Referent 1.08 (0.94, 1.24) 1.12 (0.96, 1.29) 0.97 (0.81, 1.15) 0,756 0.98 (0.91, 1.05)

Additional adjustment in women5

Colorectal cancer Referent 1.05 (0.94, 1.17) 1.05 (0.93, 1.18) 1.08 (0.94, 1.24) 0,328 1.03 (0.97, 1.09)
Colon cancer Referent 1.04 (0.92, 1.19) 1.02 (0.88, 1.17) 1.13 (0.95, 1.33) 0,224 1.06 (0.99, 1.14)
Rectal cancer Referent 1.07 (0.88, 1.30) 1.12 (0.91, 1.39) 0.98 (0.76, 1.26) 0,955 0.97 (0.88, 1.08)

1Multivariate model: stratified by age, sex and center, and adjusted for energy intake (residual), tobacco smoking, physical activity, educational level, 
BMI, alcohol consumption, and intake of red meat, processed meat, and fibre. 
2Hazard ratio (HR) per each increase in one standard deviation (SD) of the ISD.

3Multivariate model excluding incident cases occurring during the first 2 years of follow-up.
4Multivariate model with the ISD calculated without including the alcohol component.
5Multivariate model in women with additional adjustment for hormone replacement therapy, menopausal status and contraceptive pill use.
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Figure 1. Association between Inflammatory Score of the Diet (ISD) and Colorectal Cancer and mean ISD (sd) by EPIC country. 
Hazards Ratio (HR) (95% Confidence Interval) for each 1-SD of the ISD, estimated from Cox model stratified by age, centre and 
sex and adjusted for energy intake (residual), tobacco smoking, physical activity, educational level, BMI, alcohol consumption, and 
intake of red meat, processed meat, and fibre. RE model: Overall effect from a random effects meta-analysis. Heterogeneity test: Q 
(9 df) = 9.705, p-value = 0.37
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