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BACKGROUND: Acknowledging the role of inflammation in colorectal carcinogenesis, this study aimed to evaluate the associations
between diet-associated inflammation, as measured by the energy-adjusted dietary inflammatory index (E-DI™), and distinct
stages of colorectal carcinogenesis.

METHODS: The Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial enrolled participants without a colorectal cancer
history, who were asked to complete baseline questionnaires and food frequency questionnaires. To estimate the associations
between the E-DII and risks of newly incident colorectal adenoma, recurrent adenoma, and colorectal cancer, multivariable-
adjusted Cox proportional hazards regression models were employed.

RESULTS: Among 101,680 participants, with an average age of 65 years, a total of 1177 incident colorectal adenoma cases, 895
recurrent adenoma cases and 1100 colorectal cancer cases were identified. Higher E-DII scores from food and supplement
(HRqs vs q1: 0.86 [0.69-1.06], Pyreng: 0.27) or from food only (HRqs vs q1: 0.82 [0.64-1.05], Pyreng: 0.06) were not associated with higher
risks of incident adenoma. However, the elevated risk of recurrent adenoma was found in the highest category of E-DIl from food
plus supplement (HRqs vs @1: 1.63 [1.28-2.03], Pirena: < 0.001) when compared with the lowest category. A significant association
between colorectal cancer risk and E-DIl from food plus supplement (HRqs vs q1: 1.34 [1.09-1.65], Pyeng: 0.009) was found, where this
association was only pronounced in distal colorectal cancer.

CONCLUSION: Higher E-DII scores from diet plus supplement but not from diet only were associated with a higher risk of recurrent
adenoma and distal colorectal cancer. The role of nutrient supplements on cancer risk, especially when combined with diet, needs

to be elucidated in future studies.
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BACKGROUND

Colorectal cancer (CRC) is a public health problem accounting for
an increasing health burden in developed countries, including the
UK [1]. It was the third most commonly diagnosed cancer and the
second leading cause of cancer-related death in the UK [2].
Colorectal carcinogenesis involves the malignant transformation
of adenomas [3, 4]. Apart from that ageing and family history of
CRC were identified as risk factors of adenomas and CRC
development in epidemiological studies [5-7], chronic inflamma-
tion plays an important role in the initiation, progression, and
promotion of CRC. Dysregulated inflammatory components (e.g
leukocytes, cytokines and complement components) not only
result in sustained inflammatory cell proliferation, activated
stroma but also lead to increased reactive oxygen species
generation, DNA damage, and reduced DNA repair [8-10].
Furthermore, accumulating evidence substantiates the association
between nutrition and inflammation [11-13], underlining the
important role of diet in modulating inflammatory processes [14].

The Dietary Inflammatory Index (DII°) is a valid dietary scoring
method developed specifically to estimate potential inflammatory
of individuals’ diets [15]. A higher DIl score represents a more pro-
inflammatory diet; conversely, a lower DIl score indicates a more
anti-inflammatory diet [15]. Two previous observational studies
evaluated the relationship between DIl and colorectal incident
adenoma, but found inconsistent results. In it, a case—control
study from Iran with 130 incident adenoma cases suggested
higher DIl scores related to increased risk of colorectal adenoma
[16]; however, Haslam et al found that the relationship only exists
in males based on data from a large prospective cohort study [17].
In addition, a pooled analysis of two trials reported insignificant
association between DIl and the risk of colorectal adenoma
recurrence [18]. Compared to limited evidence regarding the
associations between DIl and colorectal incident adenoma or
colorectal recurrent adenoma, several reports demonstrated that a
pro-inflammatory diet measured by DIl was related to increased
risk of CRC [16, 19].
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Apart from dietary inflammation, there is growing evidence that
diet might select the microbiota composition, namely regulating
many beneficial or harmful effects of gut bacteria [20, 21]. Zhang
et al. [22] identified that 24 CRC-related microbes and plasma
inflammatory factors like C-reactive protein and soluble tumour
necrosis factor Il changed with the colorectal adenoma-carcinoma
sequence, supporting the hypothesis that gut microbiome and
inflammation may gradually promote the development of CRC by
forming a microenvironment. Given the equivocal nature of the
evidence and what we know on the association between
inflammation and adenoma-carcinoma sequence from previous
studies, it is conceivable that the inflammatory potential of diet
might have differential effects at different stages of cancer
progression.

We aimed to evaluate the potential effect of DIl on different
carcinogenesis stages (i.e. newly incident adenomas, recurrent
adenomas, and CRC) using the longitudinal cohort from the
Prostate, Lung, Colorectal, and Ovarian (PLCO) cancer screening
trial.

METHODS

Study design and setting

Longitudinal data analysed in this study were obtained from the PLCO
Cancer Screening Trial, a large-scale, prospective, multicenter randomised
trial comparing screening tests and usual care to determine the effects of
screening on mortalities related to prostate, lung, colorectal, and ovarian
cancers. The study design of the trial had been described elsewhere [23].
Participants were enrolled according to these criteria: (i) had no history of
prostate cancer, lung cancer, colorectal cancer, or ovarian cancer; (ii) were
not participating in other cancer prevention or screening trial; (i) were not
receiving cancer treatment (excluding treatment for squamous and basal
cell skin cancer); (iv) did not receive screening examinations for prostate
cancer or colorectal cancer recently [23]. A total of 154,897 individuals
aged 55-74 years were recruited from November 1993 to July 2001 across
ten screening centres in the USA. Participants were divided into the
intervention arm who receiving flexible 60-cm sigmoidoscopy (FSG) and
the control arm with usual care. FSG was performed at study entry (T,), and
then at the 3-(T3) or 5-(Ts) year follow-up for participants in the
intervention arm [24, 25]. If these screens were suspicious for colorectal
cancer, endoscopic follow-up (colonoscopy) was anticipated. Supplemen-
tary Fig. 1 displayed the study flowchart for identifying eligible participants
in PLCO trial.

For this study, we further excluded participants if they were (i) without
Baseline Questionnaire completion; (ii) without valid Diet History Ques-
tionnaires (DHQ) or Diet Questionnaire (DQX) (the valid DHQ/DQX refers to
DHQ/DQX with the date of DHQ/DQX completion, the date of DHQ/DQX
completion prior to the date of death, no more than 8 missing items, and
no extreme values of energy intake); (iii) with colorectal cancer diagnosis
before DHQ/DQX completion.

Data collection

At the entry of the trial, participants were asked to complete a Baseline
Questionnaire, including age, gender, race, marital status, education level,
smoking status, body mass index (BMI = weight (kg)/height (m)?), family
history of colorectal cancer and history of diabetes. Other data including
physical activity, family income and non-steroidal anti-inflammatory drugs
(NSAID) use status were collected by the Supplemental Questionnaires. To
capture nutrient data including energy intake and alcohol drinking status,
the DHQ/DQX was used. The DHQ is a food frequency questionnaire that
contains 124-item food and supplement use, which was released in 1998
and introduced 5 years in both arms of the PLCO trial. Participants reported
frequency and portion size of dietary intake and supplement use over the
past year [26]. Likewise, the DQX, a 137-item food frequency questionnaire,
was administered at baseline to the participants in the intervention arm
only [27].

Energy-adjusted dietary inflammatory index calculation

Details regarding development of DIl were described extensively else-
where [15]. Briefly, the DIl derives from literature, and was designed to
estimate the overall potential inflammatory of diet. A total of 1943 studies

published through 2010 were identified and scored to produce the
component-specific inflammatory effect scores for 45 food parameters.
These food parameters are consisting of micronutrients, macronutrients,
some bioactive components, and these parameters are related to
inflammatory biomarkers such as tumour necrosis factor-a, C-reactive
protein, interleukin (IL) -10, IL-6, IL-4 and IL-1B. The scoring algorithm of DIl
was constructed based on the effect of food parameter on inflammation.
More specifically, “+1” was assigned if the food parameter significantly
increased the aforementioned inflammatory biomarkers (namely the
effects were pro-inflammatory); “—1” was assigned if the effects were
anti-inflammatory; and “0” was assigned if the food parameter had no
significant effect on these inflammatory biomarkers. The score for each
article was weighted by study design (study design weights: 10 for
experimental study in humans, 8 for the prospective cohort study, 7 for
case-control study, 6 for cross-sectional study, 5 for experiment study in
animals and 3 for experimental study in cells), and food parameter-specific
inflammatory effect scores were obtained based on these weighted values.
The score can have values ranging from 7.98 (the maximally pro-
inflammatory diet score) to —8.87 (the maximally anti-inflammatory diet
score) in seven scenarios [15]. Supplementary Fig. 2 presented the steps of
DIl calculation.

To avoid the arbitrariness caused by simply using raw intake amounts,
dietary data in the DHQ/DQX were standardised to a composite dietary
database that was established based on 11 datasets deriving from various
populations globally. Food and nutrient consumption were adjusted for
total energy per 1000 calories, and the energy-adjusted nutrient data was
used to calculate energy-adjusted DIl (E-DI™). Except for ten DIl
components including ginger, turmeric, garlic,c oregano, rosemary,
eugenol, saffron, flavonols, n-3 fatty acids and n-6 fatty acids, the
remaining 35 components (alcohol, caffeine, carbohydrate, cholesterol,
energy, total fat, fibre, folic acid, monounsaturated fatty acids, poly-
unsaturated fatty acids, saturated fat, trans fat, onion, protein, green/black
tea, anthocyanidins, pepper, flavan-3-ol, flavones, flavonones, isoflavones,
vitamin A, vitamin C, vitamin D, vitamin B12, vitamin B6, riboflavin, thiamin,
niacin, vitamin E, (-Carotene, iron, magnesium, selenium, zinc) were
acquired for E-DII calculation based on DHQ/DQX in this study. Considering
that most participants in the PLCO Cancer Screening Trial consumed
nutrient supplement, we used the E-DII score from food and supplement
and from food only separately for analyses. Available nutrient supple-
ments, including vitamin A, vitamin C, vitamin D, vitamin B12, vitamin B6,
riboflavin, thiamin, niacin, vitamin E, (-Carotene, iron, magnesium,
selenium, and zinc, were employed to calculate E-DIl from food and
supplement.

Outcome ascertainment

Colorectal incident adenoma. Participants with a negative FSG screen at
To were eligible for the evaluation of colorectal incident adenoma risk. We
identified an incident adenoma case or control according to FSG screen at
Ts or Ts: cases were defined as participants with the discovery of a left-
sided adenoma at Tz or Ts screens [25]; controls were defined as those
have a negative T3 or Ts FSG screens. An adenoma with high-grade
dysplasia or villous component, more than 1cm in size was considered as
an advanced adenoma.

Recurrent colorectal adenoma. Data of the recurrent adenoma cohort
derived from the subset of PLCO cohort—the Study of Colonoscopy
Utilization (SCU) (https://cdas.cancer.gov/learn/plco/scu/). Participants who
had a positive Ty FSG screen at baseline and had an adenoma found as a
result of that screen were eligible to be included in the recurrent adenoma
cohort. An adenoma found within the first 18 months following the
positive To FSG screen was defined as a baseline adenoma, on the first
endoscopy that followed the Ty FSG screen, or on an endoscopy within
6 months from the first endoscopy following the screen [25]. In this sub-
study, individuals diagnosed as adenoma at subsequent screens (T3/5)
were defined as recurrent colorectal adenoma cases, while participants
with a positive baseline adenoma but free of adenoma at screens were
considered as participants without a recurrent adenoma.

Colorectal cancer incidence. After enrollment during November 1993 and
July 2001, participants received screening exams at Ts and Ts. Letters were
mailed to participants and their health care providers usually within
3 weeks of an exam. Participants who had a self-report CRC or who had
received a positive screening result were encouraged to receive a
diagnostic evaluation. The diagnosis of colorectal cancer was ascertained
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by an annual study update form, and medical records were abstracted and
reviewed. Participants diagnosed with colorectal cancer were extracted
according to the International Classification of Diseases for Oncology, Third
Edition (ICD-0-3), which was coded as C180-C189, C199, C209, and C260).
Data were collected on cancer diagnoses that occurred through December
31, 2009.

Statistical analysis

Participants were divided into tertiles or quintiles according to the
distribution of E-DII scores. The primary analysis was conducted within
E-DIl quintiles, while subgroup analysis employed E-DII tertiles due to
smaller sample sizes. Characteristics of participants were described by
mean with standard deviation for continuous variables that normally
distributed and median with interquartile range (IQR) were employed for
the presentation of non-normally distributed continuous variables. For
categorical variables, frequencies with composition ratio were calculated.

Cox proportional hazards regression was employed to calculate
multivariable-adjusted hazards ratio (HR) with 95% confidence intervals
(95% Cl) for the association between risk of incident or recurrent colorectal
adenoma and E-DII derived from DQX. Time to incident adenoma or
recurrent adenoma event was defined as years from DQX completion until
adenomas found, and censoring time for the two endpoints was defined as
DQX completion to the date of last colonoscopy, colorectal cancer
diagnosis, or death, whichever occurred first. Given the latency from
colorectal adenoma to CRC, we excluded possibly “synchronous” CRC cases
that developed 3 years from baseline. Cases with adenoma and CRC were
also removed. After exclusion, the remained cases were employed for
analysis. CRC risk was also estimated using HR with 95% Cl from
multivariable-adjusted Cox proportional hazards models. Time to CRC
incidence was defined as years from DHQ completion until CRC diagnosis,
and censoring time for incident CRC event was defined as DHQ completion
to death, other cancers diagnosis, or last contact. Linear trends across
quintiles of E-DIl were examined by median value of each quintile, which
was regarded as a continuous variable in the Cox proportional hazards
regression models. Confounding factors selection was based on biological
plausibility, literature reports and/or 210% change in relative risks [28] of
both E-DII (in either continuous or categorical format) and colorectal
adenoma/cancer. The proportional hazards assumption was examined
using the Schoenfeld residual test [29]. There was no evidence that E-DII or
any covariate violated the proportional hazards assumption.

Effect modification by co-variables was examined by adding the cross-
product of each effect modifier with E-DII quintiles in the multivariable-
adjusted model. Considering the reduction of sample size after stratifica-
tion, we divided participants into tertiles in subgroup analyses. Clinically
relevant co-variables including age (<65 years, >60 years) and family
history of colorectal cancer (no family history of colorectal cancer, has a
family history of colorectal cancer) were considered as potential effect
modifiers. To further assess the significance of sub-endpoints, advanced
adenomas and location specific-CRC (i.e. distal and proximal tumours) were
extracted from the above main analyses. In addition, to assess the stability
of the main results, we also repeated the main analyses using E-DII tertiles.

All statistical analyses were conducted by R software (version 3.6.2). The
statistical significance level was set at P < 0.05 (two-sided).

RESULTS

Participant characteristics

Table 1 displayed the baseline characteristics of study participants
from the intervention arm. E-DIl scores (calculated by the DQX)
from food and supplement were divided into 5 groups: Q1 (—7.10,
—2.44), Q2 (—2.43, —0.88), Q3 (—0.87, 0.57), Q4 (0.58, 2.26), Q5
(2.27, 7.27), while E-DII scores from food shared the magnitude
between —7.52 to 742 [Q1 (—7.52, —2.64, Q2 (—2.63, —0.92), Q3
(—0.91, 0.66), Q4 (0.67, 2.49), Q5 (2.50, 7.42)]. Compared to
participants with the lowest E-DII scores from food and supple-
ment, participants whose diet was more pro-inflammatory were
more likely to be male, current smoker, have higher BMI, higher
energy intake, inferior education level, and have less physical
activity. As for E-DIl calculated by food only categories,
participants with more pro-inflammatory diet that indicated by
the highest E-DII scores derived from diet only seem to be male,
have higher energy intake, have lower education level, have less

British Journal of Cancer (2022) 126:1735-1743

Z. Lietal

exercise. In Supplement Table 1, participants’ characteristics in the
whole trial (both arms) were presented. Based on DHQ, the groups
of E-DII scores from food and supplement were: Q1 (—8.63, —5.66),
Q2 (—5.65 —4.64), Q3 (—4.63, —3.43), Q4 (—3.42, —1.64), Q5
(—1.63, 5.81), and the range of scores from food only was from
—7.77 t0 6.17 [Q1 (=7.77, —4.16)), Q2 (—4.15, —2.96), Q3 (—2.95,
—1.67), Q4 (—1.66, —0.04), Q5 (—0.03, 6.17)]. Compared to those in
the lowest category, participants with the highest E-DII calculated
by food plus supplements or by food only tended to be male,
current smoker, have higher energy intake, higher BMI, lower
education level and less physical activity.

Supplementary Table 2 presented the correlations of the E-DII
between the two diet assessment instrument (E-DIlI from food and
supplement, r = 0.49; E-DIl from food only, r = 0.38) and within each
dietary questionnaire, correlations between E-DII from food only and
E-DIl from food and supplement (DHQ, r = 0.84; DQX, r = 0.84).

Incident colorectal adenoma

A total of 1177 cases among 61,279 participants were identified.
The highest quintile of E-DII from both diet and supplement was
not significantly associated with the risk of incident adenoma with
a multivariable-adjusted HR of 0.86 (95% Cl: 0.69-1.06, Pyend =
0.27). In a subgroup analysis, the association between incident
advanced adenoma and E-DIl was found to be nonsignificant
(multivariable-adjusted HR: 1.29, 95% Cl: 0.83-2.01; Pyeng = 0.35).
The risks of incident adenoma or incident advanced adenoma
from E-DII derived from food only were comparable with that of
E-DIl derived from both food and supplement (Table 2). The
results were consistent when stratifying participants with a family
history of CRC (Table 3).

Recurrent adenoma
A total of 895 recurrent adenoma cases were identified. A significant
association between E-DIl from food and supplement and elevated
risk of recurrent adenoma was found (multivariable-adjusted
HRas vs o1t 163, 95% Cl: 1.28-2.03, Pyeng < 0.001). On the risk of
recurrent advanced adenoma, the association was found to be
stronger (E-DIl from food and supplement, multivariable-adjusted
HRqs vs qi: 168, 95% Cl: 1.05-2.63, Pyeng = 0.03). When repeating
analyses using E-DIl from food only, the increased risk of recurrent
adenoma (multivariable-adjusted HRqs ys q1: 1.16, 95% Cl: 0.90-1.53,
Pirend = 0.46) or advanced recurrent adenoma (multivariable-adjusted
HR@s vs q1: 0.95, 95% Cl: 0.53-1.66, Pyeng = 0.96) disappeared (Table 2).
We failed to find interaction effect of family history of CRC on
the association between E-DII from food and supplement and the
risk of colorectal recurrent adenoma (Pjnteraction: 0.66) (Table 3).

Colorectal cancer incidence

During an average follow-up of 9.4 years, 1100 CRC cases were
identified in total. After excluding CRC cases that diagnosed 3
years from baseline and cases with adenoma, a total of 1022 CRC
cases were employed in the primary analytic approach. According
to the results of multivariable-adjusted Cox proportional hazards
regressions, higher E-DIl score from food and supplement was
significantly related to an increased risk of CRC (HRqs vs 1t 1.34,
95% Cl: 1.09-1.65; Pyeng = 0.009). When stratifying CRC using
tumour location, we found statistically significant associations
between E-DIl and distal CRC incidence, and the associations were
no different when analyses were broken down by the calculation
of E-DII (E-DIl from food and supplement: multivariable-adjusted
HRas vs g1t 1.79, 95% Cl: 1.28-2.48; Pyenq < 0.001; E-DII from food:
multivariable-adjusted HRqs vs q1: 1.43, 95% Cl: 1.04-1.97; Pyrend =
0.006). By contrast, we did not observe any significant associations
in proximal CRC, Pyeng for E-DIl from food and supplement was
0.69 and Pyeng for E-DII from food was 0.41 (Table 2). In addition,
the results showed a slight difference when stratifying by age.
Participants in pro-inflammatory diet who were less than 65 years
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Table 1. Baseline characteristics of study participants in the intervention arm by quintiles of energy-adjusted dietary inflammatory index (E-DII),
Prostate, Lung, Colorectal, and Ovarian (PLCO) cancer screening trial, 1991 to 2009.
E-DII from diet and supplement E-DII from diet only
Q1 (-7.10, —2.44) Q5 (2.27, 7.27) Q1 (-7.52, —2.64) Q5 (2.50, 7.42)
(N =12,259) (N =12,259) (N =12,259) (N =12,259)
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Age at DQX, years 62 (58, 67) 62 (58, 66) 63 (59, 67) 62 (58, 66)
Body mass index (kg/mz) 25.8 (23.5, 29.2) 27.0 (24.3, 30.2) 26.5 (23.9, 29.4) 26.6 (24.0, 30.1)
Energy intake, kcal/day 1471.7 (1149.2, 1860.0) 2386.0 (1906.2, 3035.2) 1304.6 (1048.0, 1611.8) 2686.3 (2217.2, 3292.5)
N (%) N (%) N (%) N (%)
Gender
Male 6055 (49.4) 6371 (52.0) 4945 (40.3) 7085 (57.8)
Female 6201 (50.6) 5885 (48.0) 7314 (59.7) 5174 (42.2)
Race/ethnicity
White, non-Hispanic 10,963 (89.5) 11,075 (90.4) 10,971 (89.5) 11,073 (90.3)
Black, non-Hispanic 379 (3.1) 678 (5.5) 423 (3.5) 680 (5.5)
Hispanic 181 (1.5) 209 (1.7) 183 (1.5) 217 (1.8)
Asian 636 (5.2) 217 (1.8) 585 (4.8) 219 (1.8)
Other® 93 (0.8) 73 (0.6) 93 (0.8) 68 (0.6)
Unknown 4 (0.0) 4 (0.0 4 (0.0 2 (0.0)
Marital status
Never married 437 (3.6) 384 (3.1) 425 (3.5) 379 (3.1)
Married or living as married 9445 (77.1) 9477 (77.3) 9738 (79.4) 9020 (73.6)
Divorced or separated 1355 (11.1) 1352 (11.0) 1184 (9.7) 1625 (13.3)
Widowed 1006 (8.2) 1037 (8.5) 897 (7.3) 1226 (10.0)
Unknown 13 (0.1) 6 (0.0) 15 (0.1) 9 (0.1)
Education level
Less than high school 546 (4.5) 1258 (10.3) 638 (5.2) 1182 (9.6)
High school graduate or 1946 (15.9) 3767 (30.7) 2015 (16.4) 3737 (30.5)
equivalent
Post-high school education 1436 (11.7) 1696 (13.8) 1426 (11.6) 1678 (13.7)
College education or higher 8316 (67.9) 5523 (45.1) 8167 (66.6) 5650 (46.1)
Unknown 12 (0.1) 12 (0.1) 13 (0.1) 12 (0.1)
Physical activity
Active less than one time 606 (4.9) 1224 (10.0) 568 (4.6) 1279 (10.4)
per month
Active at least one time 7895 (64.4) 6560 (53.5) 7762 (63.3) 6568 (53.6)
per month
Unknown 3755 (30.6) 4472 (36.5) 3929 (32.0) 4412 (36.0)
Smoking status
Never smoked 5951 (48.6) 5436 (44.4) 5985 (48.8) 5526 (45.1)
Former smoker 5505 (44.9) 5041 (41.1) 5459 (44.5) 4928 (40.2)
Current smoker 798 (6.5) 1778 (14.5) 813 (6.6) 1801 (14.7)
Unknown 2 (0.0) 1 (0.0) 2 (0.0) 4 (0.0)
Alcohol drinking status
Non-drinker 2172 (17.7) 3623 (29.4) 2037 (16.6) 3772 (30.8)
Drinker 10,084 (82.3) 8633 (70.4) 10,222 (83.4) 8487 (69.2)
Family history of colorectal cancer
No 10,688 (87.2) 10,453 (85.3) 10,658 (86.9) 10,467 (85.4)
Yes 1207 (9.8) 1269 (10.4) 1218 (9.9) 1293 (10.5)
Possible 276 (2.3) 444 (3.6) 291 (2.4) 410 (3.3)
Unknown 85 (0.7) 90 (0.7) 92 (0.8) 89 (0.7)
History of diabetes
No 11,366 (92.7) 11,328 (92.4) 11,228 (91.6) 11,431 (93.2)
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E-DIl from diet and supplement

Table 1. continued
Q1 (-7.10, —2.44)
(N=12,259)
Median (IQR)
Yes 848 (6.9)
Unknown 42 (0.3)
NSAIDs user
No 4818 (39.3)
Yes 4058 (33.1)
Unknown 3380 (27.6)

The E-DII was calculated based on the

DQX.

Q5 (2.27, 7.27)
(N =12,259)

Median (IQR)
886 (7.2)
42 (0.3)

5064 (41.3)
3304 (27.0)
3888 (31.7)

E-DII from diet only

Q1 (—7.52, —2.64)
(N =12,259)

Median (IQR)
990 (8.1)
41 (0.3)

5036 (41.1)
3689 (30.1)
3534 (28.8)

E-DII Energy-Adjusted Dietary Inflammatory Index, DHQ Diet History Questionnaire, NSAIDs non-steroidal anti-inflammatory drugs.
#Other race, including Pacific Islander and American Indian.

Q5 (2.50, 7.42)
(N =12,259)

Median (IQR)
788 (6.4)
40 (0.3)

4815 (39.3)
3604 (29.4)
3840 (31.3)

Table 2.

Multivariable-adjusted® associations between energy-adjusted dietary inflammatory index (E-DIl) and colorectal incident adenoma,

recurrent adenoma, and colorectal cancer®, Prostate, Lung, Colorectal, and Ovarian (PLCO) cancer screening trial, 1991 to 2009.

Any adenoma
E-DIl from food and supplement
E-DIl from food only

Advanced adenoma
E-DIl from food and supplement
E-DIl from food only

Any recurrent adenoma
E-DIl from food and supplement
E-DIl from food only

Advanced recurrent adenoma
E-DIl from food and supplement
E-DIl from food only

Colorectal cancer
E-DII from food and supplement
E-DIl from food only

Proximal colorectal cancer
E-DIl from food and supplement
E-DIl from food only

Distal colorectal cancer
E-DIl from food and supplement
E-DIl from food only

Cases

1177
1177

279
279

895
895

229
229

1022
1022

601
601

421
421

E-DII quintiles

Q1

Reference
Reference

Reference
Reference

Reference
Reference

Reference

Reference

Reference

Reference

Reference
Reference

Reference

Reference

Q2

0.80 (0.66, 0.97)
0.87 (0.72, 1.04)

0.95 (0.64, 1.40)
1.50 (1.02, 2.20)

1.08 (0.86, 1.32)
1.25 (1.03, 1.56)

1.10 (0.72, 1.69)
1.20 (0.76, 1.79)

1.21 (0.99, 1.48)
0.93 (0.76, 1.13)

1.02 (0.79, 1.33)
0.91 (0.70, 1.18)

1.34 (0.97, 1.88)
1.05 (0.76, 1.49)

Q3

0.95 (0.79, 1.16)
0.77 (0.63, 0.94)

1.19 (0.79, 1.78)
0.94 (0.61, 1.45)

1.23 (0.99, 1.53)
1.12 (0.90, 1.42)

1.06 (0.67, 1.65)
1.10 (0.69, 1.72)

1.10 (0.89, 1.35)
1.07 (0.88, 1.30)

0.89 (0.67, 1.17)
1.08 (0.83, 1.41)

1.39 (1.00, 1.94)
1.38 (1.01, 1.90)

E-DII Energy-Adjusted Dietary Inflammatory Index, NSAIDs non-steroidal anti-inflammatory drugs.
?Adjusted for age (continuous), energy intake (continuous), gender (male, female), body mass index (continuous), smoking status (current, former, never),
alcohol drinking status (current, former, never), marital status (single, married, divorced or separated, widowed), educational level (less than high school, high
school graduate or equivalent, post-high school education, college education or higher), physical activity (active less than one time per month, active at least
one time per month), family history of colorectal cancer (yes, no) and NSAIDs use status (yes, no). Multivariable-adjusted Cox hazards regressions for colorectal
cancer further adjusted trial arm (intervention group, control group).
PDQX was used to calculate E-DII scores for analyses on incident adenoma and recurrent adenoma, DHQ was employed for E-DII calculation on analyses of

colorectal cancer.

Q4

0.82 (0.67, 1.00)
0.75 (0.60, 0.94)

0.93 (0.61, 1.42)
1.03 (0.64, 1.66)

1.16 (0.92, 1.42)
1.23 (0.96, 1.57)

1.08 (0.70, 1.73)
1.27 (0.80, 2.03)

1.26 (1.03, 1.55)
1.14 (0.94, 1.38)

1.22 (0.93, 1.61)
1.03 (0.79, 1.33)

1.65 (1.19, 2.28)
1.44 (1.05, 1.97)

Ptrem:lc
Q5
0.86 (0.69, 1.06) 0.27
0.82 (0.64, 1.05) 0.06
1.29 (0.83, 2.01) 0.35
1.30 (0.77, 2.18) 0.95
1.63 (1.28, 2.03) <0.001
1.16 (0.90, 1.53) 0.46
1.68 (1.05, 2.63) 0.03
0.95 (0.53, 1.66) 0.96
1.34 (1.09, 1.65) 0.009
1.06 (0.86, 1.30) 0.17
0.99 (0.75, 1.29) 0.69
1.07 (0.81, 1.42) 041
1.79 (1.28, 2.48) <0.001
1.43 (1.04, 1.97) 0.006

‘Linear trends across quintiles of E-DIl scores were tested by modelling the median value in each quintile as a continuous variable in Cox regression.

old had 39% higher risk to develop CRC than their elder

counterpart (>65 years) (Table 3).

DISCUSSION

The study was conducted to assess whether an anti-inflammatory
diet influences colorectal carcinogenesis, and at which stage in
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the process is the association most evident. We found a higher

E-DII score from diet plus supplement is associated with a higher
risk of adenoma recurrence, as well as CRC and this positive
association was only prominent in distal CRC rather than
proximal CRC.

Previous studies [16, 17] found that the most inflammatory
group of E-DII scores had increased risk of colorectal adenoma
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Table 3. Risk of colorectal adenomas and cancer incidence from E-DIl from food and supplement stratified by family history of colorectal cancer

and age.
E-DII Tertiles®
T
Incident adenoma
No family history of colorectal cancer (N) 340
Multivariable-adjusted HR (95% cn® Reference
Have a family history of colorectal cancer (N) 38
Multivariable-adjusted HR (95% CI)° Reference
Recurrent adenoma
No family history of colorectal cancer (N) 202
Multivariable-adjusted HR (95% (e Reference
Have a family history of colorectal cancer (N) 34
Multivariable-adjusted HR (95% cn® Reference
Colorectal cancer
Age <65, years 130
Multivariable-adjusted HR (95% CI)° Reference
Age >65, years 114
Multivariable-adjusted HR (95% CI) Reference

T2

339

0.97 (0.83, 1.13)
38

0.62 (0.37, 1.04)

254

1.11 (0.92, 1.35)
37

1.22 (0.74, 1.99)

154
1.11 (0.85, 1.45)
116
1.09 (0.67, 1.20)

T3

346
0.95 (0.79, 1.13)
45
0.80 (0.46, 1.39)

278

1.05 (0.85, 1.30)
43

0.99 (0.58, 1.68)

180
1.59 (1.21, 2.08)
127
1.20 (0.99, 1.45)

d
P interaction

0.32

0.66

0.16

“The E-DII tertiles are as follows: for analyses on incident adenoma and recurrent adenoma, T1: —7.10 to —1.37, T2: —1.36 to 1.10, T3: 1.11 to 7.27; for analysis

on colorectal cancer, T1: —8.63 to —5.00, T2: —4.99 to —2.92, T3: —2.91 to 5.81.

bAdjusted for age (continuous), gender (male, female), body mass index (continuous), smoking status (current, former, never), alcohol drinking status (current,
former, never), marital status (single, married, divorced or separated, widowed), educational level (less than high school, high school graduate or equivalent,
post-high school education, college education or higher), physical activity (active less than one time per month, active at least one time per month), and Non-

steroidal anti-inflammatory drugs use status (yes, no).

“Adjusted for gender (male, female), body mass index (continuous), smoking status (current, former, never), alcohol drinking status (current, former, never),
marital status (single, married, divorced or separated, widowed), educational level (less than high school, high school graduate or equivalent, post-high school
education, college education or higher), physical activity (active less than one time per month, active at least one time per month), family history of colorectal

cancer (yes, no), and non-steroidal anti-inflammatory drugs use status (yes, no).

9Pinteraction Was calculated by adding the cross-product of quintile E-DII in the multivariable-adjusted Cox regression model.

compared to those with more anti-inflammatory diet. Although
both Haslam et al [17] and the current study used the data from
PLCO trial, this study included extended follow-up data
(1991-2010) rather than those (1991-2000) used by Haslam
et al. Haslam et al revealed a positive relationship between
colorectal incident adenoma risk and inflammatory diet that
indicated by DHQ-derived E-DII. Considering that the introduction
of DHQ and screening is synchronous, the cross-sectional design
lacks validity to present the association. This study further
examined the association using cohort with prospectively
collected DQX, which was confirmed by a colonoscopy
screening-based cross-sectional study [30]. Based on the pro-
spective study design, we did not observe any association
between future development of incident adenoma and baseline
E-DIl calculated from food plus supplements or from food only.
Considering the heterogeneity of the results and potential biases
in cross-sectional study design, findings from this study further
added new evidence.

Our findings also support that a more pro-inflammatory diet
may had an effect on increased risk of colorectal adenoma
recurrence, while this association only exist when calculating E-DII
by food and supplement. By contrast, a pooled analysis of Wheat
Bran Fibre (WBF) and Ursodeoxycholic Acid (UDCA) clinical trials
found no association between DIl and odds of recurrent colorectal
adenoma [18]. Although the results from the pooled analysis were
inconsistent with this study, in our view, it could be argued that
there was a potential positive relationship between E-DII score
and risk of colorectal adenoma recurrence. On one side, the E-DII
score range (—7.0 to 3.3) of the pooled analysis is much smaller
than that of this study (—7.10 to 7.27), indicating lower
proportions of both more anti-inflammatory and more pro-

inflammatory diet. On the other hand, it seems some patients
relapsed with advanced adenoma or subsequent CRC instead of
recurrent adenoma, which is confirmed by the much higher risk of
advanced recurrent adenoma we observed. We observed a higher
risk to develop CRC in pro-inflammatory diet when completely
removing cases with adenoma history from CRC analyses [entire
CRC cases: HR with 95% Cl for E-DII from food and supplement is
1.29 (1.06, 1.57); CRC cases diagnosed over 3 years from baseline:
HR with 95% ClI for E-DII from food and supplement is 1.34 (1.09,
1.65)], which somewhat supported the point of view above. It is
reasonable to suggest that patients with a history of colorectal
adenoma could incorporate anti-inflammatory diet patterns to
help prevent advanced recurrent adenoma or even CRC.

The literatures regarding the association between E-DII/DIl and
risk of CRC were basically consistent. Results from previous studies
based on various population suggested a pro-inflammatory diet
was associated with increased CRC risk [31-36]. This study further
found that the increased risk was stronger for E-DII from food and
supplement than E-DII from food only, which questioned the role
of dietary supplements in the process of CRC carcinogenesis.
Dietary supplements are widely used, and at least one supplement
use in the past month was reported in half of US adults, where the
most common used dietary supplements are multivitamin and
multimineral, vitamin, and mineral supplements [37]. Adequate
intake of these micronutrients is required to maintain optimal
health, but the possibility of toxicity increases with increasing
dose [38], largely due to that dietary micronutrient deficiency is
increasingly rare in developed countries, most supplement
consumers actually have excess vitamin and mineral intake [39].
Among available DIl calculation components, iron and vitamin B12
were pro-inflammation surrogators. Excess consumption of iron
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(supplemental intake more than 18 mg per day) could lead to a
130% higher risk of CRC [40]. A multicenter RCT observed that B
vitamins (folic acid and vitamin B12) were also significantly
associated with a higher risk of CRC [41]. Although other available
supplements in DIl calculation are anti-inflammation, many are fat-
soluble vitamins. Reports of toxicity associated with overconsump-
tion of these vitamins were more prevalent. Previous studies
indicated that vitamin E supplementation following radiation
therapy increased cancer recurrence for head and neck cancer
patients [42], two trials found that male smokers receiving (-
carotene supplements had significantly increased risk of lung
cancer [43, 44].

Besides, there are great differences regarding the protective
effect of anti-inflammatory diets on different tumour location. The
different protective effects observed between proximal CRC and
distal CRC might attribute to differences in bacterial population on
the two sides of intestinal tract, or exposure to distinct nutrients
and bile acids [45]. Previous studies suggested the pro-
inflammatory diet was associated with a higher risk of developing
colon cancer [46] or proximal colon cancer [47]. Recent studies
tended to indicate such association exist in both colon and rectal
cancer, but is much prominent for rectal cancer [31] or distal CRC
[36]. We observed a significant association between E-DII and
distal CRC incidence rather than proximal tumours, which may be
explained by more frequent FSG in the PLCO cancer screening
trial. It is easier to detect distal CRC than proximal CRC in the early
stages since distal CRC have polypoid morphology of distal CRC
[48, 49]. Nevertheless, it is still valuable to recommend anti-
inflammatory diet, especially for younger individuals who are at a
higher risk of distal CRC [50].

Potential mechanisms illustrated that diet is an important factor
in the process of carcinogenesis. First, pro-inflammatory diets have
effects on insulin resistance by increasing systemic inflalmmation
[51]. Second, diet plays a role of local inflammation and oxidation,
which leads to focal proliferation and mutagenesis [52]. Third,
antioxidant components contained in some low E-DII scores foods
like fruits, vegetables, coffee, tea, etc. could exert its function on
anti-inflammatory through the action of local microbiota [53].
Fourth, consumption of red and processed meat that are high
E-DIl score foods increases levels of the haem iron content [54],
N-nitroso compounds formed during the meat processing [55],
and polycyclic aromatic hydrocarbons and heterocyclic aromatic
amines from cooking meat at high temperatures, which results in
hyperplasia [56]. Overall, diet-chronic inflammation is a persistent
condition that tissue destruction and repair occur simultaneously
[9]. It is evident that loss of control over normal tissue repair or
renewal mechanisms may result in malignant transformation [57].

CRC is considered to arise from adenomas through the
adenoma-carcinoma sequence. However, the results in this study
are not consistent between E-DII to colorectal adenoma and CRC.
Such findings support a hypothesis that the trajectory of the role
of inflammation in 5-10 years of adenoma-carcinoma sequence
might be a “J” shape, where many chromosomal rearrangements
are acquired together in the short bursts of genomic instability
early in tumour evolution [58, 59].

To our knowledge, no previous study has longitudinally and
systematically evaluated the associations between E-DII and
incident colorectal adenoma, recurrent adenoma, and incident
cancer in the same cohort, which minimises misclassification that
could occur when combining different studies. Besides, incorpor-
ating with this prospective cohort design, a standardised dietary
assessment was conducted by a food frequency questionnaire
that contained most major foods and nutrients consumed. The
dietary information was collected by mail that accompanied by a
cover letter and a postage-paid return envelope. For participants
who did not return their questionnaires within 3 weeks, up to five
telephone calls were made. Previous study reported that response
rates for controls and screening arms are 81.9% and 84%, and the
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proportion of missing or uninterpretable is small (frequency of
intake: 1.4% and 1.7%; portion size: 1.7% and 2.0%; use of dietary
supplements: 6.0% and 5.4%) [27]. Finally, the PLCO cancer
screening trial collected data from ten screening centres across
the USA, thus the study population is highly representative. This
study also has several limitations. First, this study has some
potential selective bias. We excluded participants that has more
than 8 missing DHQ/DQX items, which might lead to a “healthy
participant effect”, reporting lower incidence rates among
participants who are interested in healthy lifestyles and more
likely to take part in the prospective study. Participants with
extreme energy intake (defined as the sex-specific first and last
percentile of total energy) were also excluded, thus, the findings in
this study should be interpreted carefully to individuals with a
similar energy intake range. Second, the PLCO is a cancer
screening trial, which examines only the distal colorectal region.
This study was more likely to detect incident lesions from the left
side, although recurrent adenoma and incident CRC cases
included from both sides. However, there is a previous study that
found FSG screening significantly reduced both proximal and
distal CRC incidence in the PLCO [24]. Third, only 35 out of 45 food
parameters were employed for E-DII calculation in this study, the
remaining 10 food parameters are unavailable in the DHQ/DQX,
which could lead to the reduction of predictability of E-DII. But a
previous study indicated that the predictive capability of DII/E-DII
is stable when the number of food parameters for DIl calculation
dropped from 44 to 27 [60].

In conclusion, findings from our study suggest that higher E-DII
scores from diet plus supplement rather than from diet only, were
associated with a higher risk of recurrent adenoma and distal
colorectal cancer. Further studies on the role of nutrient
supplements on cancer risk, especially when combined with diet,
are needed.
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