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Abstract

Background: Chronically higher inflammation, likely contributed to by dietary and lifestyle exposures, may increase risk for
colorectal cancer (CRC). To address this, we investigated associations of novel dietary (DIS) and lifestyle (LIS) inflammation
scores with incident CRC in the prospective National Institutes of Health-American Association of Retired Persons Diet and
Health Study (N =453465). Methods: The components of our previously developed and externally validated 19-component
DIS and 4-component LIS were weighted based on their strengths of associations with a panel of circulating inflammation
biomarker concentrations in a diverse subset (N =639) of participants in the REasons for Geographic and Racial Differences in
Stroke Study cohort. We calculated the components and applied their weights in the National Institutes of Health-American
Association of Retired Persons cohort at baseline, summed the weighted components (higher scores reflect a higher balance
of proinflammatory exposures), and investigated associations of the scores with incident CRC using Cox proportional hazards
regression. All statistical tests were two-sided. Results: Over a mean 13.5 years of follow-up, 10336 participants were diag-
nosed with CRC. Among those in the highest relative to the lowest DIS and LIS quintiles, the multivariable-adjusted hazards
ratios (HRs) and their 95% confidence intervals (CIs) were HR = 1.27 (95% CI = 1.19 to 1.35; Pyena < .001) and 1.38 (95% CI = 1.30
to 1.48; Pyreng < -001), respectively. The associations were stronger among men and for colon cancers. The hazards ratio for
those in the highest relative to the lowest joint DIS and LIS quintile was HR = 1.83 (95% CI = 1.68 to 1.99; Pinteraction < -001).
Conclusions: Aggregates of proinflammatory dietary and lifestyle exposures may be associated with higher risk for CRC.

Although inflammation is normal, chronically higher
amounts may be harmful and contribute to the development
of chronic diseases and cancer, especially colorectal cancer
(CRC) (1-4), the second leading cause of cancer death in the
United States (5). Inflammation promotes colorectal carcino-
genesis by damaging DNA and increasing cell proliferation
and angiogenesis (6-12). CRC is also highly associated with
diet and lifestyle factors that may be chronic inflammation
sources (13-15).

The contributions of individual dietary components to sys-
temic inflammation are likely small but collectively may be
substantial. To address this, several dietary inflammation
scores were developed, such as the dietary inflammatory in-
dex (DII), to characterize the aggregate contributions of dietary
exposures to systemic inflammation. In the National Institutes

of Health-American Association of Retired Persons Diet and
Health Study (NIH-AARP), a large prospective cohort study of
older US adults, the DII was modestly, statistically significantly
associated with higher CRC risk among men but not women
(16). Importantly, the DII has some limitations, including that
its heavy focus on selected nutrients may not account for
many other known and unknown dietary constituents that
may affect inflammation. There are no published lifestyle-
specific inflammation scores.

Accordingly, we previously developed novel, inflammation
biomarker panel-weighted lifestyle inflammation scores (LIS)
and predominantly whole-foods based dietary inflammation
scores (DIS) and validated their constructions in three popula-
tions (17). Herein, we report an investigation of associations of
the DIS and LIS with incident CRC in the NIH-AARP study.

Received: December 2, 2019; Revised: January 27, 2020; Accepted: February 28, 2020

© The Author(s) 2020. Published by Oxford University Press.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

10f10


http://orcid.org/0000-0003-4275-7901
http://orcid.org/0000-0001-7594-6587
http://orcid.org/0000-0002-7805-9913
http://orcid.org/0000-0001-8626-4186
mailto:rmbosti@emory.edu
https://academic.oup.com/

20f10 | JNCI Cancer Spectrum, 2020, Vol. 4, No. 3

Methods

Study Population

NIH-AARP (18) is a large prospective cohort study designed to
investigate diet-cancer associations. It was approved by the
Special Studies Institutional Review Board of the US National
Cancer Institute. From 1995 to 1996, a self-administered ques-
tionnaire was mailed to 3.5 million 50- to 71-year-old adults in 6
US states (California, Florida, Louisiana, New Jersey, North
Carolina, and Pennsylvania) and two metropolitan areas
(Atlanta, GA and Detroit, MI) (17.6% response rate).

A supplementary Risk Factor Questionnaire, which included
questions on aspirin and other nonsteroidal anti-inflammatory
drug (NSAID) use, was mailed 6 months after baseline. A follow-
up questionnaire, which included questions on cancer screen-
ing, was mailed in 2004-2005.

A total of 566 398 respondents completed the baseline ques-
tionnaire. Briefly, we excluded from analysis those with a his-
tory of cancer or end-stage renal disease; death-only
classification of CRC or other cancers; missing responses for
over 15% of questions on the Diet History Questionnaire (DHQ);
implausible energy intakes (<500 or >6000kcal/d); or missing
lifestyle questions (see details in Supplementary Methods,
available online). The final analytic sample size was 453 465.

Data Collection

Mailed questionnaires included a detailed 124-item, grid-based
version of the NCI DHQ that measured usual diet over the past
year and was validated against two 24-hour dietary recalls (via
telephone, 25 days apart) in a subset of 2000 cohort participants
(19-21). Ten possible frequency-of-consumption responses,
ranging from “never” to “6+ times per day” were given for each
food item. The DHQ also ascertained frequencies of alcohol and
supplemental micronutrient intakes. Energy and nutrient
intakes were calculated using the nutrient composition data-
base derived from the US Department of Agriculture Continuing
Survey of Food Intakes by Individuals national survey data.
Selected food group intakes (eg, dairy and tomato foods) were
calculated using the MyPyramid Equivalents Database, as de-
scribed previously (22,23). The questionnaire also ascertained
self-reported smoking status, weight, height, and frequency of
physical activity lasting at least 20minutes that is intense
enough to work up a sweat or increase breathing or heart rate.

Outcome Ascertainment

Incident CRC cases were identified using probabilistic linkage of
the cohort participants to cancer registries of the states where
participants resided at baseline, and 3 states (Arizona, Texas,
and Nevada) to which participants were most likely to move
during follow-up. The registry validly identified approximately
90% of cancer cases (24). We defined incident CRC cases accord-
ing to International Classification of Diseases for Oncology codes
(Supplementary Methods, available online), right colon as
extending from the cecum through the transverse colon, and
left colon as the splenic flexure through the sigmoid colon.

DIS and LIS Descriptions

The development and validation of the DIS and LIS were de-
scribed previously (17) (also Supplementary Methods, available

online). Briefly, the 19 and 4 components of the DIS and LIS, re-
spectively, were determined and grouped a priori, based on pre-
vious literature and their expected contributions to systemic
inflammation and ease of reconstruction in major epidemio-
logic studies, using Block 98 food frequency questionnaire (25)
and lifestyle questionnaire responses (Supplementary Table 1,
available online) in a diverse subset (N=639) of participants in
the REasons for Geographic and Racial Differences in Stroke
Study cohort (REGARDS) (26,27). Weights for the DIS and LIS
components (Table 1) were calculated in REGARDS based on
their multivariable-adjusted strengths of associations with an
inflammation biomarker score comprising high-sensitivity C-
reactive protein, interleukin (IL)-6, IL-8, and IL-10.

DIS and LIS Calculations in NIH-AARP

The DIS and LIS components were constructed in the NIH-AARP
cohort based on DHQ responses as summarized in Table 1. We
used MyPyramid Equivalents Database food group equivalents
to disaggregate mixed dishes into their component parts (eg, to-
matoes in pizza) and added the equivalents to their appropriate
DIS groups. To account for supplemental micronutrients, we
calculated a supplement score (described in Table 1). We stan-
dardized each DIS component, by sex, based on the study base-
line distribution. Because all LIS components were categorical
(see Table 1; Supplementary Methods, available online), we cre-
ated indicator variables (1 or 0) for each lifestyle characteristic
compared with the referent group.

Next, the value for each NIH-AARP participant’s DIS and LIS
component was multiplied by its respective weight that was
calculated in the REGARDS development population. Finally,
the weighted values for each participant’s score components
were summed to constitute their DIS or LIS. Higher scores indi-
cate a higher balance of pro- to anti-inflammatory exposures.

Statistical Analyses

All analyses were conducted using SAS statistical software, ver-
sion 9.3. All statistical tests were two-sided, and P less than .05
or 95% confidence intervals (Cls) that excluded 1.0 were consid-
ered statistically significant. Total follow-up time was calcu-
lated as years between completing the baseline questionnaire
and the date of a participant’s first CRC diagnosis, date of death,
date they moved from the catchment area, or the last study
follow-up (December 31, 2011), whichever came first. Those
noncontemporaneously diagnosed with both colon and rectal
cancers were censored based on the date of whichever diagno-
sis came first.

We categorized participants into LIS and sex-specific DIS
quintiles at baseline. We used Cox proportional hazards regres-
sion to estimate multivariable-adjusted hazards ratios (HRs)
and 95% confidence intervals for associations of the DIS and LIS
with incident CRC (overall and by colorectal site). Before Cox
proportional hazards regression modeling, we assessed the pro-
portional hazards assumption (see Supplementary Methods,
available online). We assessed trend by entering the median of
each inflammation score quintile into the multivariable Cox
proportional hazards regression models as a continuous
variable.

To assess potential interaction between the DIS and LIS, we
conducted a joint and combined (cross-classification) analysis
using multivariable Cox proportional hazards regression models
in which the reference group was participants in the first


/article-lookup/doi/10.1093/jncics/pkaa009#supplementary-data
/article-lookup/doi/10.1093/jncics/pkaa009#supplementary-data
/article-lookup/doi/10.1093/jncics/pkaa009#supplementary-data
/article-lookup/doi/10.1093/jncics/pkaa009#supplementary-data
/article-lookup/doi/10.1093/jncics/pkaa009#supplementary-data
/article-lookup/doi/10.1093/jncics/pkaa009#supplementary-data

D.A.Byrdetal. | 30f10
Table 1. Components and weights of the DIS and LIS and their descriptions in the NIH-AARP
Components Descriptions Weights*
DIS components’
Leafy greens and cru- Cooked or raw spinach, kale, lettuce salad, broccoli, cabbage or coleslaw, cauliflower, Brussels sprouts, -0.14
ciferous vegetables and turnip, collard, or mustard greens
Tomatoes Tomatoes, tomato juice, tomato sauce, salsa, and tomato or spaghetti sauce -0.78
Apples and berries Apples, applesauce, pears, and strawberries -0.65
Deep yellow or orange  Peaches, nectarines, plums, cantaloupe, and carrots -0.57
vegetables and fruit
Other fruits and real Watermelon, oranges, tangerines, tangelos, grapefruit, other melon (eg, watermelon or honeydew), -0.16
fruit juices grapes, orange juice, grapefruit juice, and other fruit juice
Other vegetables Sweet peppers (green or red) -0.16
Legumes String beans, green beans, peas, and beans -0.04
Fish Tuna and other fried or nonfried fish -0.08
Poultry Ground chicken or turkey, roast turkey, turkey cutlets, turkey nuggets, fried chicken or chicken nug- -0.45
gets, and baked, broiled, roasted, or stewed chicken
Red and organ meats Ground beef, roast beef, steak, roast ham, ham steak, pork chops, pork roasts, and liver or liverwursts 0.02
Processed meats Hot dogs, frankfurters, bacon, sausage, bologna, salami, corned beef, pastrami, turkey or chicken cold 0.68
cuts/luncheon meats
Added sugars Hi-C, Kool-Aid, lemonade, soda, dried fruit, chocolate candy, and other candy 0.56
High-fat dairy Whole milk, full-fat cottage cheese, full-fat yogurt, cream cheese, sour cream, full-fat cheese or cheese -0.14
spreads, and full-fat ice cream or ice bars
Low-fat dairy Low-fat frozen yogurt, skim milk, low-fat cottage cheese, low- or reduced-fat cheese; low-fat ice -0.12
cream, ice milk, or sherbet; and skim, 1%, or 2% milk
Coffee and tea Iced or hot tea and regular or decaf coffee -0.25
Nuts Peanut butter, other nut butter, peanuts, walnuts, seeds, and other nuts -0.44
Other fats Butter, margarine, mayonnaise, meat gravy, lard, vegetable shortening, and liquid oil (corn, canola) 0.31
Refined grains and Cake, cookies, brownies, doughnuts, sweet rolls, Danish, sweet muffins, dessert breads, fruit pie, 0.72
starchy vegetables cream custard or meringue pie, pumpkin or sweet potato pie, pancakes, waffles, French toast,
crepes, bran cereal, fiber and nonfiber cereals, French fries, home fries, hash brown potatoes, potato
salad, rice, pasta, spaghetti, other noodles, bagels, English muffins, breads, rolls, crackers, corn-
bread, muffins, biscuits, flour or corn tortillas, potato chips, sweet potatoes or yams, baked, boiled,
or mashed potatoes; oatmeal, grits, or other cooked cereals
Supplement score* Ranked score of supplements, including multivitamins, zinc, iron, selenium, folic acid, calcium, $-car- -0.80
otene, and vitamins A, C, and E
LIS components’
Heavy drinker Heavy (>7 drinks/wk for women, >14 drinks/wk drinks for men) vs nondrinker 0.30
Moderate drinker Moderate (1-7 drinks/wk for women, 1-14 drinks/wk for men) vs nondrinker -0.66
Moderately physically  Exercises 1-3 times/mo or 1-2 times/wk vs never or rarely exercises -0.18
active
Heavily physically Exercises >3 times/wk vs never or rarely exercises -0.41
active
Current smoker Currently smoked tobacco at baseline vs did not currently smoke tobacco 0.50
Overweight BMI Overweight BMI (25-29.99 kg/m?) vs normal BMI (18.5-24.99 kg/m?) 0.89
Obese BMI Obese BMI (>30 kg/m?) vs normal BMI (18.5-24.99 kg/m?) 1.57

*Weights are p coefficients from multivariable linear regression models conducted in a subset of the REGARDS cohort (N =639) and represent the average change in an
inflammation biomarker score (sum of z scores for high-sensitivity C-reactive protein, IL-6, IL-8, and IL-10 [the latter with a negative sign]) per 1-SD increase in a dietary
component or the presence of a lifestyle component. Covariates in the final model to develop the weights included: age, sex, race (black or white), education (high
school graduate or less vs some college or more), region (stroke belt, stroke buckle, or other region in the United States), a comorbidity score (comprises a history of can-
cer, heart disease, diabetes mellitus, or chronic kidney disease), HRT (among women), total energy intake (kcal/d), season of baseline interview (spring, summer, fall, or
winter), and regular use of aspirin, other NSAIDs, or lipid-lowering medications (> twice/wk); and all the dietary and lifestyle components in the DIS and LIS. For the
NIH-AARP study, all dietary components were standardized based on the sex-specific distribution in the analytic cohort at baseline, and all lifestyle components were
dummy variables. BMI = body mass index; DIS = dietary inflammation score; HRT = hormone replacement therapy; hsCRP = high sensitivity C-reactive protein; IL = in-
terleukin; LIS = lifestyle inflammation score; NIH-AARP = National Institutes of Health-American Association for Retired Person Diet and Health Study; REGARDS =
REasons for Geographic and Racial Differences in Stroke study.

tComponents listed are based on food and lifestyle items measured in the baseline NIH-AARP Dietary Health Questionnaire.

$All vitamin and mineral supplement intakes measured (from multivitamin and mineral and individual supplements) were ranked into quantiles of intake and
assigned a value of 0 (low or no intake), 1, or 2 (highest intake) for hypothesized anti-inflammatory supplements (eg, selenium), and 0 (low or no intake), -1, or -2 (high-
est intake) for hypothesized proinflammatory supplements (eg, iron).

quintile of both scores. We entered a categorical DIS x LIS term
into the model to calculate a Wald P;pteraction-

Potential confounders were based on biological plausibility,
previous literature, and causal diagrams. Final model
covariates are listed in table footnotes. We also conducted

separate analyses within categories of participant characteris-
tics that could plausibly modify the DIS- or LIS-CRC associa-
tions (eg, baseline age, race), and calculated Wald test
Pinteraction terms (see Supplementary Methods, available
online).
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Table 2. Selected baseline characteristics of the NIH-AARP participants (N =453 465) across quintiles of the DIS and LIS, 1995-2011*

DIS quintile LIS quintile

Characteristics' 1(N=90743) 3(N=90744) 5(N=90743) 1(N=91994) 3(N=91456) 5 (N==82198)
Score range -14.9to0-2.0 -0.6t0 0.6 2.0t012.8 -1.1to-0.7 -0.2t00.2 0.8to 2.4
Demographics
Age atentry, y 61.6 (5.3) 61.6 (5.4) 61 (5.5) 61.6 (5.4) 61.5 (5.4) 61.2 (5.3)
Male, % 59.9 59.9 59.9 54.5 59.7 53.6
White, % 93.1 92.6 89.5 93.2 92.4 90.1
College graduate higher, % 48.0 40.5 27.6 48.9 39.6 29.0
Marital status, % 67.8 70.1 68.8 68.7 69.9 63.6
Medical history
No comorbidity?, % 71.0 70.4 70.0 78.9 73.6 59.9
HRT user (women), % 49.6 46.8 36.8 55.2 47.6 34.7
Family history of CRC/, % 9.1 8.9 8.3 9.2 8.9 8.6
Previously diagnosed with colon polyp, % 9.1 9.7 8.9 8.2 9.2 9.8
Lifestyle
Current smoker, % 6.9 10.8 20.9 0.0 6.2 20.7
Normal BMI', % 38.6 34.9 33.5 100 33.9 14
Nondrinker, % 21.0 22.6 29.7 0.0 17.6 50
Exercises >3 times/wk, % 60.7 45.9 32.9 57.6 10.1 25.6
Dietary intakes
Total energy, kcal/d 1917 (812) 1785 (767) 1924 (870) 1710 (674) 1789 (755) 2011 (960)
Carbohydrates, % kcal/d 55.7 (9.9) 52.1(9.4) 50.3 (9.8) 55.1(9.0) 51.8 (9.4) 49.4 (10.6)
Proteins, % kcal/d 16.3 (3.2) 15.5 (3.0) 14.3(3.2) 15.3(2.9) 15.2 (3.1) 15.1 (3.6)
Total fats, % kcal/d 26.8 (7.4) 30.5 (7.3) 33.1(7.6) 28.6 (7.4) 30.4 (7.5) 31.1(8.3)
Total calcium®, mg/d 896 (493) 757 (429) 705 (446) 753 (417) 739 (428) 793 (489)
Dietary fiber, g/1000 keal/d 14.0 (4.2) 10.7 (3.2) 8.0(2.7) 11.8 (4.0) 10.4 (3.6) 9.8(3.7)
Reverse HEI-2015 score™ 58.6 (9.1) 68.7 (7.7) 74.3 (6.9) 65.6 (9.7) 67.1(9.5) 70 (9.1)
EDIP score't -0.15 (0.4) -0.05 (0.3) 0.05 (0.3) -0.09 (0.3) -0.06 (0.3) -0.04 (0.4)

“Inflammation scores constructed as described in the text and Table 1; a higher score reflects a higher balance of proinflammatory exposures. BMI = body mass index;
CRC = colorectal cancer; DIS = dietary inflammation score; EDIP = empirical dietary inflammatory pattern; HEI = Healthy Eating Index; HRT = hormone replacement
therapy; LIS = lifestyle inflammation score; NIH-AARP = National Institutes of Health-American Association for Retired Persons Diet and Health Study; Reverse HEI-

2015 = reverse-direction Healthy Eating Index-2015.
tPresented as means (SD) unless otherwise specified.

tComprises self-reported baseline gallstone or gallbladder disease, emphysema, heart disease, or diabetes mellitus.

|lIn a first-degree relative.
118.5-24.99kg/m?>.
#Total = diet + supplements.

**Calculated as described in Krebs-Smith et al. (28) except the direction of the contributions of the components to the score were reversed, such that a higher reverse
HEI-2015 score reflects lower rather than higher adherence to HEI recommendations (ie, so a higher score would be higher risk); the Spearman correlation coefficient

between the Reverse HEI-2015 and the DIS is Rg = 0.59.

ttCalculated as described in Tabung et al. (29); the Spearman correlation coefficient between the EDIP and the DIS is R = 0.25.

Sensitivity Analyses

To assess the sensitivity of the associations to various consid-
erations (additional details in Supplementary Methods, avail-
able online), we repeated the analyses with the following
variations. First, we constructed equally weighted DIS and LIS
versions by assigning positive or negative equal weights to di-
etary and lifestyle components we hypothesized a priori to be
proinflammatory or anti-inflammatory, respectively. Second,
we calculated a DIS without supplemental micronutrients.
Third, we calculated a reverse-direction Healthy Eating Index-
2015 (ie, so a higher score would be higher risk) (28), and the
empirical dietary inflammatory pattern (EDIP), as described by
Tabung et al. (29), and investigated their associations with
CRC. Fourth, we investigated associations of each individual
lifestyle component with CRC. Fifth, we excluded individuals
who died or were diagnosed with CRC within 2 years from
baseline.

Results

Over an average of 13.5years of follow-up, 10336 participants
developed CRC (76.0% developed colon cancer, 22.1% rectal can-
cer, and 1.9% both colon and rectal cancer).

Selected baseline characteristics of the NIH-AARP analytic co-
hort according to DIS and LIS quintiles are presented in Table 2.
Those in the highest (most proinflammatory) relative to the low-
est DIS and LIS quintiles were more likely to be less formally edu-
cated, not use hormone replacement therapy (among women), be
a current smoker, be overweight or obese, be a nondrinker, exer-
cise less than 3 times/wk, and for the LIS, more likely to have a
comorbidity. On average, those in the highest DIS and LIS quin-
tiles had lower dietary fiber intakes and higher reverse-direction
Healthy Eating Index-2015 and EDIP scores; for the DIS, lower to-
tal calcium intakes; and for the LIS, higher total energy intakes.

Multivariable-adjusted associations of the DIS and LIS with inci-
dent CRC, overall, by tumor site, and by sex, are presented in Table 3.


https://academic.oup.com/jamia/article-lookup/doi/10.1093/jamia/ocy118#supplementary-data

50f10

D. A. Byrd et al.

(panunuod)
100> 100’ 100> 100> 100> 100> push g
(ov10380T) 9T  €tv  (CFTOIROT)ZTT €0 (E£TOIHET)TST 095 (¢5'10102T)SET 089 (ssTo1/TT)OVT €86 (evT038T'T) 0T €801 S
(£€10310T)8TT  99¢  (€€T03860)¥T'T 9/ (E¥'T0ICTT)9CT 899 (IE€T0IE0T)9T'T 609 (SET01ZTT)eTT  #€0T  (£TT031SOT)ST'T  S86 ¥
((ZT0%60)60T €¥¢ (60T 01080)€60 9T  (8€T0180T)ZCT ¥6S  (ITT01S60)80T %95 (62T0390T)ZTT /g6  (CT'T01€60)20T 088 €
(62101€60)T'T 65 (6070160 €60 €0e  (¥€T0ISOT)8T'T  €%9 (9T'T0316'0)€0T  6€S (921031%0T)STT 206 (60T 01060)66'0  T¥8 z
(Jus1952¥) 00T /g€ (lus1952¥) 00T 0gE (lus1352¥) 00T SSP (lus135o¥) 00T 8TS (ua135y) 00T T6Z (Jus19524) 00'T 858 1
mwﬁucwﬁd
(6TT01S0T) CT'T (90T 0120'T) $0°T (82T 01STT)TICT (£0T01€0'T) SO'T (czro1T1T) LTT (90T 01€0'T) SO'T snonunuon
U002 1YY
z00° €0° 100> 100> 100> 100"> push g
(#910190T) 2T  TIz (95TOo1660)%TT 10z (S0CT010ST)SLT ST (8STOIGLT)LET  €T§ (08T010¥T) 65T  ££9 (0sTO18TT)EET  ¥TL S
#9101/0T)2eT 961  (1ST0196000CT  £8T  (€£1018TT)6¥T €05  (£C101560)60T 60F  (19T019ZT)e¥T 669  (LZT01660)CZTT 965 2
(6v101/6000CT L1 (E¥TO3T60)HTT O/  (2£T101/TT)8%T ISk (ZC1031160)90T  /8€ (9sT01zzT)8eT 829  (CTT01S60)80T  £SS €
(cv101680)2TT %21 (1€T03€80)%0T  #ST  (I¥T01%0T)ITT  €0F (0zT01680)€0T 08¢ (€€T03€0T) LTT /TS (£1T03Z60)%0T  ¥ES z
(yus1952¥) 00T 8ST (lus1952¥) 00T SST (lus1v5e¥) 00T ¥/T (lus1252¥) 00T £SE (Jua1254) 00T TEV (yus1952¥) 00'T IS 1
mwﬁuﬁwﬁd
(STTOI%0T) #T°T (S0T0166'0) 20T (t,e10112T)6TT (£0T01€0T) SO'T (0eT01/TT)€TT (90T 031€0T)%0°T snonunuoDd
*COT‘UU 3391
10° 100’ 100> 100> 100> 100> pust g
(SYTOIPTT) 62T 699  (8€TO0IL0T)TTT  9€9  (9£T0ISHFT)09T €%0T (Sh103zeT)ecT Scl (6STO39¢T) VT ¢l/T (8€T030CT)6CT  TI6l S
(8€10180T)ZzT 685  (0£101T0T)ST'T 88  (6¥T101%21)9cT  SSZT (cz103120T)2l'T %80T (I¥103ceT)Iel  #¥81  (ITTOISOT)ETT  ¢/9T %
(62T 10T)¥TT 2SS (#TT01680)T0T  6IS  (99T01TZT)eeT  /(ITT  (STT031960)90T /T0T (SETOI/TT)9ZT 6991 (CTT01960)%0T  9gST €
(6c101660)€TT  OTF  (0T'T03S8°0)£60  S8F  (Z€T010TT)0CT 0ZIT  (IT'T031€60)I0T 646 (92T0380T) ZT'T  0eST  (£L0T031€60)00T  ¥9¥T z
(lus1952¥) 00T 61S (lus1952¥) 00T TIS (lus1spe¥) 00T S/£ (Jus1359¥) 00T SS6 (Jua1s5¥) 00T ¥6CT (yus1952¥) 00T 99%T 1
sa[OUIMO
(8T'T01/0T)ET'T (S010120T) €0'T (6z1016TT)¥TT (90T 031 %0'T) SO'T (€TT019TT)6TT (S0T01€0°T)%0°T SNONUTIUOD
4 uorod
100"> 100> 100> 100> 100> 100"> pust g
(9cTo0TT) 2T 28  (9T0380T)TTT  T6L (29T 01/ET)6WT  ¥EEl  (6ET1036TT)6CT 8291  (8¥'T010€T)8ET 191  (SETOI6TT)/ZT  OTHT S
(0eT1%0T) 91T 2L (LTTOTOT)ETT 62/ (9€T019TT)9zT  88ST  (6T'T031Z0T)OT'T  £66T (0€TOISTT)ZZT  Siez  (6TTOISOT)ITT 91T 2
(0z101£60)80T 89 (9TT01€60)%0T 899  (6€T016TT)6CT  LFT  (STT01660) 0T Ovel  (62TO3FTT)ITT SSIZ  (ETT0166°0)90T  800T €
(STT01660)TTT  %2S (80T 039800960 809  (¥TT©0190T)ST'T #S¥T  (CT'1031960)%0T £6¢T (0ZTOISOT)ETT 861 (80T 03S6'0)TOT  SO6L z
(yus1952¥) 00T S/9 (lus1952¥) 00T €9 (lus1352¥) 00T 2SOT (lus1e52¥) 00T £¥CT (uarsyay) 00T LTL1 (yus1952¥) 00'T  £/8T 1
mwﬁuﬁwﬁd
(STT0150'T) OT'T (S0T0120T) €01 (FTT01ST'T)0CT (S0T01€0T) 30T (6TTO1IETT)OT'T (SOT01€0T) ¥0T snonunuo)
1839310100
(1D %S6) S35BD "ON (1D %S6) $35BD "ON (1D %S6) S35B2 'ON (1D %S6) S35B2 "'ON (1D %S6) 53582 "ON (1D %S6) $358D "ON
\H paisnipy ¥H paisn(py ¥H paisn(py ¥H paisn(py ¥H paisn(py \H paisn(py
ISIT SIa |SIT ,SIa ISIT +SIa 9118 19dUBD
Juswiom JUSIN 1eI9A0

(S9% 5% = N) T102-566T ‘dIVV-HIN 33 {3315 DYD PUE X3S Aq PUE [[BI9A0 DYD JUSPIOUL Y3 ST PUR SIJ Y3 JO SUONRBIIOSSY “€ S[qRL



| JNCI Cancer Spectrum, 2020, Vol. 4, No. 3

6 of 10

‘A1oAnoadsai ‘sjapowt ST pue SI [[BISA0 Y3 10J Z000" PUE TO0' SeMm SUOIIRIDOSSE PIOWI3IS031Da1 10 WNIDAL SA UO[0D JYSLI 10] frpusdoret g gy ‘9s19ASURT ‘a1nxafy oneday ‘wndaD,,

‘Kjoandadsal ‘sfspout ST pue SId [[B12A0 Y3 10] T000 > PUB 6§ SBM SUONRIDOSSE PIOWSIS03031 10 WNIISI SA UO[0D 3] 10j L1PusB0ru g o1y ‘prowidis ‘Surpusdsap ‘ainxsyy druads#

‘A1oanioadsal ‘sjapowt SI'T pue SI( [[BI9A0 33 10§ TO00 > PUB TQ° SEM SUONIBIDOSSE PIow31S010a1 10 WNIdAI SA UOT0D 10§ Aeusdorey g gy y ||

JUSAWIRIE]S V.IVYLS SVS 91 UI papN[OUI 19Mm X9s PUE ‘Anus e a3k ‘sisouderp aseasip 1reay pariodal-jas

‘aAnje[a1 92133p-1s1y B Ul DYD Jo A103s1 {SIQ pa1ySam A[renba ay) pue ‘(ou 10 sak) 1ajouus 1auLio] ‘(p/reds) axeiut A31aus [e103 ‘dAjod uojod Jo A101STY ‘DAnIE[a1 93139p-1sIy B Ul DYD Jo A101s1y A[ruwuej ‘(uswom 3uowie) asn LYH Jua1
-Ind ‘(ou 10 sak) surfaseq e aseasip 1appeqres 1o suos((es ‘(ou 10 sak) surfaseq je ewasAyduwis ‘(ou 10 SaK) Sur[aseq 18 STII[[DW SII3GEIP (OU 10 S3K) dUI[SSEq JB OIS JO AI0ISIY IO ISESSIP e (PILLIBWIUOU 10 PILLIEW) SNIE}S [B3
-rews ‘(1ay31y 10 a1enpeid a3a[[0d 10 ‘9331100 awios ‘@1enpeid [ooyds Y31y pue [00yds Y31y ULy} SS3[) UOTIEINPS (1930 10 ‘DY ‘X[De[q) 3.1 ‘XS ‘(Snonurnuod) Anus je ade a1am s[apowrt sprezey [euorniodoid xoD SIT 9y} UL Sa1eLIBAOD |
‘JUSWIRIRIS V.LVYLS SVS 93 Ul papn[d

-Uur a1am NG pue ‘xas ‘Anus Je a3e ‘sisouderp aseasip Heay pariodai-J[as ‘9Ane[al 92139p-1s1y & Ul DYD Jo A103sTY {(p/[edy) oxerur £319Us [€10] pUE ‘(s{m/saUIn €< 10 ‘Ym/SaWT) ¢—T ‘A[2IBI 10 [[E 1B J0U SISIDI9XS) [9A9] A11ande [edisAyd
‘(1ountp £AgaY 10 ‘IS{ULp S)RISPOW ‘ISYULIPUOU) S3BIUI [OYOD[E (Snonunuod !, w/33 ur) NG ‘(19a3u 10 ‘1auiio} ‘yusund) Surjous ‘dAjod uo(od jo £103s1Y ‘SAne[1 32139p-151Y © UL DYD JO A103s1Yy AJrure; (uswom Suoute) asn LYH U1
-Ind ‘(ou 10 sak) auraseq je aseasIp Iappe[qyred 10 suols[[es ‘(ou 1o sak) auraseq 1e ewasAydwa ‘(ou 10 sak) suraseq Je SNII[AW $319qeIp ‘(OU 10 SIL) dUI[dSEq Je 3O0IIS JO AT0]SIY 10 ISEISIP 11edY ‘(PILLIBWIUOU 10 PILLIEUL) SNIES [€11
-1ew ‘(19y31y 1o a1enpeid 93910 10 ‘9337100 swios ‘D3enpeid [0oyds Y31y pue [00Yds Y31y ULy} SS9) UOTIEINPS ‘(1930 10 ‘DITYM ‘}OB[q) 90B1 ‘X3S ‘(Snonunuod) Anjus je 33e a1am s[ppout spiezey reuoniodoid xoD SIq oY) Ut sajerreaoDt
*S3]1S 190UED 19310 [[e 10] §0'< Ing ‘A[9Andadsal ‘sais

I90UED [£3031 PUE ‘UOT0D ‘[BIDII0[0D 10 Q' PUE ‘€0 ‘IO’ SBM USWOM PUB USW UIIMIS] SUOTIEIDO0SSE SIT Surtedunod VOB 1 (511sqns 190UED DB 10] G0'< SEM USWOoM SUOWE PUE USW UIM}S] SUONRIO0SSE S Suttedurod Uonedaut g
"ApniS YI[eSH PUE 191 SUOSIdJ PAINSY 10J UOTIBIOSSY UBDLISWY-YI[ESH JO S3ININISU [EUOEN = JYVV-HIN ‘9100s UonewWIWRUI 3[A1S9)1 = SIT ‘Aderay) Juswadedal suowioy = JYH ‘Onel spIezey = YH ‘9100S UOTIEUIWE[JUl

A1e191p = SIQ 199UED [£1D3I0[0D = DYD {[EAISIUI DUSPYUOD = [D Xapul ssewl £poq = [INg ‘sainsodxs Arojewrtepjuroid jo sdueeq I9y31y € S109[Ja1 9100s I9YSIY € (T 9[qRL pPUE 1X3] 3} UI pAQLIDSIP S PIIONIISUOD $9100S U0 BWWIRJUI,

66° or 60° $0° ST 10° pusng
(8210318°0)20T 2/ (05T03€6°0)8T'T 0/ (0F'T01I00T)8T'T  £LOE (ch10I%0T)ITT  86E (62T01660)ETT  6LF (8€'T0190T)TZT 899 S
(tz1o32£0)260  1ST  (2€T03280)%0T  €ST  (ITT031880)€0T  TLE (€2T01060)SOT /g€ (STT01680)TOT €25 (0zT03260)SOT  06% ¥
(901 031/90)%8°0 €61  (¥€T0I¥80)90T  €ST (¥ TOISOT)CZT  86€ (Lz101E6'0)60T  8¥E (#TT01£60)0T'T  TES (€2T03156'0)80T  1OS €
(62103180)20T 02T (91T03TL0)T60 2€l (12101680 %0T  69¢ (82T 0I¥6'0)60T  €¥E (91'T03060) 20T 68% (61T 160)%0T  S/F z
(lus19J2¥) 00T 69T (lus193o¥) 00T LET (lus1s5a¥) 00T €6¢ (us1s3ay) 00T €I€ (jua1sey) 00T 29V (Jus19J2¥) 00'T 0S¥ 1
sa[UIND
(IT10126'0) T0°T (S0T0166°0) 20'T (¥1'10166°0) 90'T (S0T0100T) €0°T (IT'T0166°0)SO'T (30T 0110'T) €0°T snonunuoy
@MOEMMmOuuwu 10 nloay
(1D %S6) $958D "ON (1D %S6) S95ED "'ON (1D %S6) S95€D 'ON (1D %S6) S95ED "'ON (1D %S6) $958D "ON (1D %S6) $958D 'ON
\H paisnlpy \H paisnlpy ¥H paisnlpy ¥H paisn(py ¥H paisn(py ¥H paisnlpy
|STT +S1a |SIT +S1d |STT +S1a 911s I9dUED
Juswom JUSIN rer=A0

(panunuod) -¢ s[qeL



For those in the highest relative to the lowest DIS quintile,
CRC risk was statistically significantly 27% (95% CI = 19%
to 35%) higher. For men and women, the DIS was similarly
directly associated with right and left colon cancers, and
risks for colon and rectal cancers were statistically signifi-
cantly 29% and 21% higher, respectively.

The LIS was more strongly, directly associated with CRC risk
than was the DIS, particularly among men (Table 3). Among
those in the highest relative to the lowest LIS quintile, risk was
38% (95% CI = 30% to 48%) higher overall, and 49% and 22%
higher among men and women, respectively. Overall, among
those in the highest relative to the lowest LIS quintiles, risk for
left- and right-side colon cancers was statistically significantly
59% and 40% higher, respectively, but for rectal cancers it was
an estimated nonstatistically significant 13% higher. The esti-
mated colorectal site differences were greater among men than
among women.

The joint and combined (cross-classification) associations of
the DIS and LIS with CRC risk are presented in Table 4. Overall
and among men and women separately, the highest CRC risk
was among those in the highest relative to the lowest joint DIS
and LIS quintile (83% [95% CI = 68% to 99%)] higher overall, two-
fold higher among men, and 55% higher among women; all
Pinteraction < 01)

DIS-CRC and LIS-CRC associations according to selected par-
ticipant characteristics (Supplementary Table 2, available on-
line) were generally similar across most Dbaseline
characteristics. There were no consistent, clear patterns of dif-
ferences in DIS-CRC associations; however, the LIS associations
tended to be stronger among men and among women using
hormone replacement therapy.

In sensitivity analyses, as hypothesized, the equally
weighted DIS and LIS (Supplementary Table 3, available online)
were somewhat more strongly, directly associated with CRC
than were the weighted scores (overall, the estimated risks
among those in the highest relative to the lowest equal-weight
DIS and LIS quintiles were statistically significantly 35% and
55% higher, respectively). The DIS without supplemental micro-
nutrients-CRC  associations = were  negligibly = weaker
(Supplementary Table 4, available online). The reverse Healthy
Eating Index (HEI)-CRC associations were somewhat stronger
than those for the DIS but were very similar to those for the
equally weighted DIS. The EDIP-CRC associations were not sta-
tistically significant and much closer to null than were those for
the DIS (Supplementary Table 5, available online). The findings
for individual LIS components (Supplementary Table 6, avail-
able online) were weaker than those for the LIS. For example,
current relative to never smokers had a 29% higher risk for CRC,
those with an obese relative to a normal body mass index had a
24% higher risk, heavy relative to nondrinkers had a 23% higher
risk, and those who exercised 3 times or more or 1-2 times
weekly relative to those who rarely or never exercised had a
15% and 8% lower risk, respectively. Finally, excluding those
who died or were diagnosed with CRC less than 2years from
baseline (Supplementary Table 7, available online) negligibly af-
fected our estimated associations.

Discussion

Our findings suggest that 1) higher pro- to anti-
inflammatory balances of either dietary or lifestyle exposures,
and especially of both combined, may be associated with higher
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CRC risk; and 2) these direct associations may be stronger
among men and for colon cancers.

Inflammation is strongly, mechanistically linked to colorec-
tal carcinogenesis. First, colorectal carcinogenesis is character-
ized by progressive increases in the expression of
cyclooxygenase-2 (COX-2), which is proinflammatory and pro-
tumorigenic (30), and approximately 85% of colorectal adeno-
carcinomas express COX-2 (7). NSAID use reduced colorectal
adenoma recurrence and has been consistently associated with
lower CRC risk, likely through COX-2 inhibition (7,10,12,31-35).
Second, higher circulating inflammation biomarker concentra-
tions have been associated with CRC risk. For example, in a
meta-analysis of 18 nested case-control studies, 12% higher risk
for incident CRC for every one-unit increase in baseline log-
transformed CRP concentrations was found (36). Finally, indi-
viduals with inflammatory bowel diseases have higher CRC risk
(37,38).

Risk for colorectal neoplasms is also highly associated with
dietary and various lifestyle exposures (13,39). Considerable evi-
dence supports positive associations of obesity, heavy alcohol
intake, and smoking with CRC, and inverse physical activity—
CRC associations (40-46). Furthermore, dietary patterns charac-
terized by high vegetable, fruit, whole grain, low-fat dairy, fish,
poultry, olive oil, and legume intakes are consistently inversely
associated with colorectal neoplasms, whereas dietary patterns
characterized by high red and processed meat, refined grain,
foods with added sugar, potato, and saturated and trans fat
intakes are consistently positively associated with colorectal
neoplasms (47,48). In the NIH-AARP, multiple previous analyses
of dietary patterns, defined using different methods, have con-
sistently been associated with CRC risk (49-54). For example,
higher relative to lower HEI-2005 scores (55) were associated
with 28% and 20% lower CRC risk among men and women, re-
spectively, and higher relative to lower Mediterranean Diet
scores were associated with 28% and 11% lower CRC risk among
men and women, respectively (52). Our direct DIS-CRC associa-
tion was slightly weaker than those for the reverse-direction
HEI-2015 and equally weighted DIS. This was hypothesized, be-
cause the intent of the DIS is to assess the collective contribu-
tions of foods to systemic inflammation, and so it comprises
components weighted only according to their estimated contri-
butions to systemic inflammation. Thus, the DIS would not ad-
dress its components’ other potential independent pro- and
anticarcinogenic effects. However, the similarity of our DIS find-
ings to our equally weighted DIS and reverse-direction HEI find-
ings suggest that the strong associations of diet with CRC risk
may largely involve diet’s contributions to inflammation (de-
scribed in Supplementary Table 1, available online).

In our study, the DIS was strongly, directly associated with
CRC risk, particularly among men. Other food frequency ques-
tionnaire-based dietary inflammation scores, the DII and EDIP,
have been used to investigate associations of diet-associated in-
flammation with CRC risk. A meta-analysis of DII-CRC associa-
tions from four prospective cohort studies and five case-control
studies yielded an estimated 6% higher CRC risk per one-unit in-
crease in the DII (56). One of the included studies was NIH-AARP
(with follow-up until 2006), in which, similar to our DIS, the DII
was more strongly directly associated with CRC risk among
men than among women (HR = 1.44, 95% CI = 1.29 to 1.61; and
HR = 1.12, 95% CI = 0.95 to 1.31, respectively) in the highest rela-
tive to the lowest DII quartile (16). An association of the EDIP
(which was developed in a subset of the Nurses’ Health Study
[NHS] cohort) with CRC was investigated in two prospective
cohorts, the NHS (all women) and the Health Professionals
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Follow-up Study (all men); similar to our DIS findings, but not
our null EDIP findings, among those in the highest relative to
the lowest EDIP quintile, CRC risk was 44% and 22% higher
in the Health Professionals Follow-up Study and NHS, respec-
tively (57).

When conceptualizing the implications of the previous DII-
CRC or EDIP-CRC associations, it is important to consider their
limitations (see Supplementary Table 8, available online for
comparison of DIS, LIS, DII, and EDIP). The DII is primarily nutri-
ent based and thus may not account for other whole food con-
stituents that affect inflammation. Although the EDIP is whole
foods based, it was developed using a primarily data-driven ap-
proach in a demographically, occupationally homogenous pop-
ulation, so its weights may only be reproducible in certain
populations (58,59), thus possibly accounting for the more at-
tenuated EDIP-CRC associations observed in our study. Finally,
there are no reported lifestyle-specific inflammation scores.
The DIS and LIS were developed to address many of these
limitations.

Our study had several strengths. First was the prospective
design, the large sample size and number of cases, and the ex-
cellent case ascertainment and participant follow-up (24).
Second, our findings were robust to multiple sensitivity analy-
ses. Third, strengths of the DIS and LIS include their previous
validation via comparing their associations with multiple circu-
lating inflammation biomarkers in three study populations (17).
In those studies, the DIS was more strongly, directly associated
with the circulating biomarkers than was the DII and EDIP, and
the LIS was more strongly, directly associated with the bio-
markers than was any diet score. Fourth, the DIS is based pri-
marily on whole foods and the LIS on lifestyle factors,
facilitating application to population and clinical recommenda-
tions for CRC prevention. Fifth, to our knowledge, this is the first
study to prospectively investigate a validated LIS, alone or
jointly with a DIS, in association with incident CRC.

Our study also had limitations. First, self-reported dietary,
lifestyle, and other covariate data are prone to measurement er-
ror; however, given our prospective design, these limitations
would be nondifferential and thus likely attenuated our ob-
served associations. Furthermore, our study’s DHQ was vali-
dated via calibration with 24-hour food recalls in a subset of the
NIH-AARP cohort (19,21), and diet patterns calculated using the
DHQ have been consistently associated with CRC (49-52).
Second, we had data on NSAID use, which is strongly associated
with CRC risk, in only a subset of the cohort; however, among
participants with NSAID use data, findings adjusted for or strat-
ified by regular aspirin or other NSAID use were not meaning-
fully different.

In conclusion, our findings, together with previous literature,
suggest that a higher balance of pro- relative to anti-
inflammatory diets and lifestyles, alone and especially in com-
bination, may be associated with higher CRC risk. Future inves-
tigations of associations of diet- and lifestyle-associated
inflammation with CRC incidence and survival using our novel
DIS and LIS are warranted.
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