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Abstract

Background: Although colorectal cancer (CRC) incidence in the US is declining overall, its
incidence is increasing among those younger than 50 years of age. The reasons underlying the
increasing trend are largely unknown, although behavioral changes, such as unhealthy diet and
lifestyle factors may be partially responsible.

Design—A prospective cohort study included 94,217 women aged 26-45 years at baseline.
Validated anthropometric measures and lifestyle information were self-reported biennially.
Exposures were four recommendation-based dietary indices—the Prime Diet Quality Score
(PDQS) and three plant-based dietary indices; and two mechanism-based indices—the empirical
dietary and lifestyle index for hyperinsulinemia (EDIH and ELIH). We calculated hazard ratios
(HRs) and 95% confidence intervals (95%CIs) for overall CRC, and for early-onset and post-
age-50 CRC, separately.

Results: We documented 332 cases of CRC during 24 years of follow-up (2,113,655 person-
years), with an average age of 52+7 years at diagnosis. Hyperinsulinemic dietary and lifestyle
patterns were associated with a higher risk of CRC. Multivariable-adjusted HRs (95%Cls)
comparing participants in the highest versus lowest quartile were: 1.67 for EDIH (95%Cl: 1.15-
2.44, P-trend=.01) and 1.51 for ELIH (1.10-2.08, P-trend=.01). Moreover, per 75% increment

in rank, ELIH appeared to be a stronger risk factor for early-onset CRC (HR=1.86, 95% CI:
1.12-3.07) than post-age-50 CRC (HR=1.20, 95%CIl: 0.83, 1.73, P-heterogeneity=0.16). The
four recommendation-based indices were not significantly associated with overall, early-onset, or
post-age 50 CRC risk (per 75% increment in rank, HRs ranged from 0.90-1.28).

Conclusion: Dietary and lifestyle patterns contributing to hyperinsulinemia were associated
with greater CRC risk in younger women. Moreover, the hyperinsulinemic lifestyle showed a
suggestively stronger positive association with early-onset CRC risk, compared to post-age-50
CRC diagnosed. Our findings suggest that dietary and lifestyle interventions to reduce insulinemic
potential may be effective for CRC prevention among younger women.

Keywords
Dietary and lifestyle pattern; colorectal cancer; young women

Introduction

Colorectal cancer (CRC) is the fourth most commonly diagnosed and second most lethal
cancer in the United States!. Although men have substantially higher rates of colorectal
cancer at older ages, rates are similar between men and women at younger ages (e.g.,
below 50 years)2. Furthermore, early-onset CRC, defined as CRC diagnosed before age 50
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years, has increased at an alarming rate and is characterized by a more advanced-stage at
diagnosis3>.

More than 50% of CRC cases are attributable to modifiable risk factors, such as unhealthy
diet, physical inactivity, and excess adiposity? 6. However, the majority of data on dietary
and lifestyle factors in relation to CRC risk are based on CRC in older adults and effects

of the aforementioned factors on CRC risk in younger adults remain unclear’. Recently,
obesity and prolonged sedentary time were observed to be positively associated with risk of
early-onset CRC (<50 years)8-10, However, studies on how diet contributes to the etiology
of CRC in younger adults, independent of obesity, is sparsell~13. Given emerging data on
clinicopathological differences of early- and later-onset CRC14 15| it is not apparent that risk
factors would be the same.

Therefore, we investigated whether dietary and lifestyle patterns during adulthood are
associated with risk of CRC in the Nurses’ Health Study (NHS) I, a cohort of younger
women (25-42 years at baseline). Associations with risk of CRC overall, before age 50
(early-onset CRC), and post-age-50 were examined. To better capture the complexity and
interaction of dietary and lifestyle factors, we used three sets of pattern indices—the Prime
Diet Quality Score (PDQS) assessing overall diet quality®: 17, three plant-based dietary
indices!8 emphasizing the quality of plant foods (such as whole grains and foods rich

in dietary fiber that have been shown to be associated with lower CRC risk19), and two
empirical hypothesis-oriented indices assessing the insulinemic potential??, a key pathway
underlying CRC development.

Study population and design

NHSII is an ongoing prospective cohort study of 116,430 US female nurses aged 25—

42 years at the time of initiation in 1989. Information has been updated every two

years on demographics, lifestyle factors, and health-related information. Since 1991,
dietary information has been updated every four years using validated, self-administered,
semiquantitative food frequency questionnaires (FFQs)2125, These FFQs listed standard
portion sizes for foods and asked participants to record intake frequency, with nine possible
responses ranging from “never or less than once per month” to “six or more times per
day.” Average daily nutrient intake was calculated by multiplying the frequency of intake
by the nutrient content of each food and summing nutrient values across all foods. Height
and weight were reported in 1989, and weight was updated biennially. Body mass index
(BMI) was calculated accordingly. Participants self-reported average time spent weekly on
seven physical activities using validated questionnaires every 2—4 years since 198925, Total
physical activity in metabolic equivalent of tasks (MET)-hours/week was calculated by
multiplying the MET score and hours/week spent in each activity?’ and summing over all
activity items.

The study protocol was approved by the institutional review boards of the Brigham and
Women’s Hospital and of participating registries, as required.
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Assessment of dietary and lifestyle pattern indices

We computed five dietary indices for each participant using FFQ data collected over

six 4-year data cycles from 1991 to 2015 as follows: the PDQS, plant-based diet index
(PDI), healthful PDI (hPDI), unhealthful PDI (uPDI), and Empirical Dietary Index for
Hyperinsulinemia (EDIH). In addition, one lifestyle index, the Empirical Lifestyle Index for
Hyperinsulinemia (ELIH), was computed as a composite of diet, BMI, and physical activity
(Supplementary Table 1). The PDQS16: 17 is an overall dietary quality score ranging from

0 to 42 that is comprised of 21 food groups; a higher score represents better diet quality.
Three plant-based diet scores!8, including overall, healthful, and unhealthful plant-based
diets, were computed based on 18 food groups and scores ranged from 18 to 90. The EDIH
is a weighted sum of 18 food groups and the ELIH is a weighted sum of 12 food groups,
BMI, and physical activity.2® Higher EDIH and ELIH reflect more hyperinsulinemic dietary
and lifestyle patterns. Details of each index are described in the Supplementary Appendix.

Ascertainment of colorectal cancer

Our primary endpoint was incident CRC. Using CRC diagnoses reported on biennial
questionnaires, and after obtaining consent, study physicians who were blinded to exposure
status reviewed medical records to confirm the diagnosis and extract data on histology,
location, stage and grade. We also identified deaths due to CRC by reports from family
members, postal authorities, or cross-referencing of the National Death Index, and the cause
of death was confirmed by study physicians via death certificate or medical record review.
For non-responders who died of CRC, we also obtained consent from next-of-kin and then
confirmed the diagnosis via medical record review. We further classified CRC according

to age at diagnosis (<50 versus =50 years) and examined cancers of the proximal colon
(cecum, ascending colon, hepatic flexure, transverse colon, and splenic flexure) and distal
colon (descending and sigmoid colon), and rectum separately.

Assessment of covariates

We obtained updated information by biennial questionnaires on body weight and physical
activity (as described above), as well as smoking status, multivitamin use, regular use

of aspirin, regular use of non-steroidal anti-inflammatory drugs (NSAIDs), menopausal
status, and post-menopausal hormone use. Information was also collected on type 2 diabetes
mellitus, family history of CRC, and history of lower gastrointestinal endoscopies in the past
two years.

Statistical analysis

After we excluded women with a prior diagnosis of cancer (except non-melanoma skin
cancer) or inflammatory bowel disease at baseline, and those with implausible energy

intake (<500 or >3,500 kcal/day), a total of 94,217 women were included in the final
analyses. Person-years of follow-up accrued from the return date of the first FFQ until

the date of CRC diagnosis, death, or end of follow-up (June 1, 2015), whichever came

first. To better represent long-term exposures and reduce within-person variation, cumulative
averages of each dietary and lifestyle index were computed from all previous questionnaires
up to the start of each 2-year follow-up interval?®. Women were ranked into quartiles
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by absolute scores for each index. To reduce the influence of outlying observations in

some indices while keeping the continuous nature of the scores, we adopted a rank-based
approach?®, where for each index, we transformed each value to its percentile in the
empirical distribution of the scores for that index over our study population. This approach
resulted in comparable distributions for each index, regardless of their different ranges on
the absolute scale. We then conducted continuous analyses based on the percentiles; results
are given for an increment corresponding to the difference in the medians of the first and
fourth quartiles (a 75% percentile increment). Time-dependent Cox proportional hazards
models were used to examine associations of dietary and lifestyle indices with risk of CRC,
using the lowest quartile as the reference group. Models were stratified by age (months) and
follow-up cycle (2-year intervals) and adjusted for energy intake (kcal/day). Multivariable
models further included total alcohol consumption (continuous), height (continuous), race
(white/nonwhite), family history of CRC (yes/no), history of diabetes (yes/no), smoking
pack-years (continuous), regular use of aspirin (yes/no), regular use of NSAIDs (yes/no),
multivitamin use (yes/no), menopausal status and hormone use (premenopausal, never
hormone use/post-menopausal, ever hormone use), and history of lower endoscopy within
past 10 years (yes/no). For the five dietary indices, we further adjusted for BMI (continuous)
and physical activity in MET-hours/week (continuous). Tests for trends were conducted
using the median of each index quartile as a continuous variable.

To examine potential differential associations of dietary and lifestyle indices with CRC risk
by age at diagnosis (<50 versus =50 years), proportional hazards models were used with

a data duplication method for heterogeneity30. Statistical significance of heterogeneity by
age was evaluated by the likelihood ratio test. In addition, we explored potential effect
modification by participant characteristics including overweight status, physical activity,
smoking status, current regular aspirin/NSAID use, current multivitamin use, and alcohol
consumption. Tests for interaction were obtained using the Wald test of cross-product
interaction terms between each index, modelled as a continuous variable, and potential effect
modifiers.

Finally, to address the potential issue that early symptoms of undiagnosed CRC may alter
behavior, we performed sensitivity analyses using baseline indices without updates, as well
as a 2-year lag between indices and CRC3L. To examine associations in a subgroup with
less influence by genetic factors and environmental clustering in early life, an additional
sensitivity analysis was conducted among participants without a family history of CRC.

Analyses were performed using SAS 9.4 (SAS Institute, Cary, NC). Statistical tests were
two-sided, and Pvalues <0.05 were considered statistically significant.

The age-standardized characteristics according to each index are shown in Table 1 and
Supplementary Table 2. Participants scoring higher for the PDQS and PDI were more
physically active and more likely to take multivitamins and less likely to drink alcohol
(PDQS only). Women with higher EDIH and ELIH scores (more hyperinsulinemic) had
higher BMI, were more likely to have a history of type 2 diabetes, were less physically
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active, and were less likely to take multivitamins or drink alcohol. The EDIH was weakly
correlated with the PDQS (Spearman r=-0.30), PDI (r=-0.08), and UPDI (r=0.06), and
moderately inversely correlated with hPDI (r=—0.58). The ELIH was only weakly associated
with the dietary indices, with the exception of the EDIH (Spearman r=0.41, range for other
indices: —0.21 to 0.08) (Supplementary Table 3).

During 2,113,655 person-years of follow-up, 332 women were diagnosed with CRC, and
111 were diagnosed before age 50 (early-onset CRC). The mean age at diagnosis was 52
years (SD=7; range: 34-66 years) for all cases, 45 years (SD=4) for early-onset cases, and
56 years (SD=4) for post-age-50 cases. The early-onset cases were more likely to have
advanced TNM stage (65.9%) than the post-age-50 cases (51.8%). The PDQS and three
plant-based diet indices were not associated with CRC risk (Table 2 and Supplementary
Table 4). For the EDIH, comparing women in the highest with the lowest quartile, CRC

risk was 67% higher (multivariable hazard ratio [HR]q4 vs. 91=1.67, 95% confidence interval
[CI]: 1.15-2.44, Pfor trend=0.01). For the same comparison for ELIH, CRC risk was 51%
higher (multivariable HRq4 vs, 91=1.51, 95% CI. 1.10-2.08, Pfor trend=0.01).

No significant differences were noted in associations for each index by age at diagnosis
(all ~for heterogeneity by age =0.16) (Table 3 and Supplementary Table 5). However, per
75% increment in rank, ELIH showed a stronger positive association for early-onset CRC
(HR=1.86, 95% Cl:1.12-3.07) than post-age-50 CRC (HR=1.20, 95% CI: 0.83-1.73; Pfor
heterogeneity=0.16). The EDIH showed a suggestive positive association with post-age-50
CRC (per 75% increment in rank, multivariable HR=1.51, 95% CI: 1.00-2.29).

For each dietary and lifestyle index, we found no evidence of heterogeneity in the
associations across cancers of the proximal colon, distal colon, and rectum (all 2 for
heterogeneity by subsite >0.30) (Table 4). However, a strong positive association for the
ELIH was observed for the distal colon (multivariable HR=1.91, 95% CI: 1.09-3.34).

In stratification analysis by other CRC risk factors, the positive associations for the

EDIH and ELIH with risk of CRC were seen only among current regular users

of aspirin/NSAIDs (per 75% increment in rank, HRgpy=2.15, 95% CI: 1.15-4.01,
P-interaction=0.04; multivariable HRg j4=2.84, 95% CI: 1.64-4.91, P-interaction<0.01).
Moreover, we observed strong positive associations of the EDIH and ELIH with risk of
CRC among current non-users of multivitamins (per 75% increment in rank, HRgpp=1.97,
95% CI: 1.14-3.38, P-interaction=0.04; multivariable HRg |y = 2.24, 95% CI: 1.41-3.55, P-
heterogeneity=0.02) (Table 5). Similar interactions were observed in the cross-classification
analysis using a common reference group in Supplementary Table 6.

No statistically significant effect modification was observed for the associations between
PDQS or PDI and CRC risk by current regular users of aspirin/NSAIDs or multivitamin, or
any of the indices and CRC risk by other participant characteristics, including BMI, physical
activity, smoking status, and alcohol consumption.

Sensitivity analyses using either the baseline assessment for each index or a 2-year lag
(16 CRC cases excluded) or when restricting the study population to women without a
family history of CRC (43 CRC cases excluded) showed similar results (Supplementary
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Table 7) to the main findings. We also conducted analyses among women with a family
history of CRC. Albeit limited by sample size, compared to women without a family history
of CRC, a weaker association was observed for the EDIH (per 75% increment in rank,
HREgpp=1.04, 95% CI: 0.36-2.97), while a stronger association was observed for ELIH
(per 75% increment in rank, HRg| |5=2.10, 95% CI: 0.85-5.18) among those with a family
history of CRC.

Discussion

In a large prospective cohort study of 94,217 women, we evaluated the associations of

four recommendation-based dietary indices, and two mechanism-based dietary and lifestyle
indices with CRC risk. We found that dietary and lifestyle patterns with high insulinemic
potential as indicated by high EDIH and ELIH scores were associated with higher CRC risk,
whereas neither the PDQS nor three plant-based diet indices were significantly associated
with CRC risk. In addition, we found suggestive evidence that the ELIH was more strongly
associated with early-onset CRC, while the EDIH was more strongly associated with
post-age-50 CRC. The findings, therefore, indicate the importance of the insulin signaling
pathway for CRC in the younger adult population.

Accumulating evidence shows that a healthy diet as indicated by recommendation-based
dietary indices has been associated with lower risk of CRC, especially in men32 33, A recent
review of 24 (17 cohorts and 7 case-control) studies examined the association between
recommendation-based dietary indices and CRC, and found associations were not consistent
and generally weak in women32. Previous studies have mainly focused on later-onset
CRC32. 34,35 \yith limited information on early-onset CRC. We have found the PDQS and
plant-based diet indices to be associated with coronary heart diseasel’- 36 and diabetes®’, the
latter of which is also a risk factor for CRC38. However, some components of these indices
are weighted towards factors that are critical for heart disease, such as lipids and minerals
(potassium, sodium) that may be less important for cancer3®-41, In the current study, we
found no associations of the PDQS and plant-based diet with CRC risk, overall or when
stratified by age.

The EDIH and ELIH assessed the insulinemic potential of diet and lifestyle20. C-peptide, a
marker for insulin secretion, has been consistently associated with higher risk of colorectal
neoplasia®2~44. In a previous study within NHS I, we showed that participants in the highest
quintile of the EDIH had a 22% higher risk of CRC than those in the lowest quintile
(HR=1.22, 95% CI: 1.03-1.45); a similar association was shown for the ELIH for the same
comparison (HR=1.28, 95% CI: 1.09-1.51)#>. In the current analyses, positive associations
were also found for the EDIH and ELIH with overall CRC risk. Interestingly, when the
associations were examined according to age at diagnosis, the EDIH was only associated
with post-age-50 CRC, whereas the ELIH was more strongly associated with early-onset
CRC, although differences in the associations by age group were not statistically significant.
The ELIH also showed stronger associations with distal colon cancer, which occurs in a
higher proportion of early-onset CRC6. These differences may be explained by obesity,
which is captured in the ELIH but not in the EDIH, consistent with a previous study of
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women in which obesity was primarily associated with early-onset CRC, but not post-age-50
CRC?.

Stratification analysis showed potentially different roles of diet and lifestyle in CRC

by multivitamin use and aspirin/NSAID use. Multivitamin supplements contain several
nutrients, including vitamin D, folic acid and calcium, which have been hypothesized

to reduce CRC risk47=49. However, in the current study, multivitamin supplements were

less likely to have benefits among those who already have a healthy diet and lifestyle

(e.g. the lowest quartile of EDIH and ELIH). Regular use of aspirin or NSAIDs have an
anti-inflammatory effect, another potential pathway in colorectal carcinogenesis®®. There
could be a synergistic effect between hyperinsulinemic and proinflammatory pathways as in
obesity or the metabolic syndrome. Indeed, the protective effect with low insulinemic dietary
or lifestyle pattern was attenuated without aspirin or NSAIDs use (Supplementary Table 6).
Importantly, given the number of tests performed and limited number of CRC cases, any
potential effect modification that we observed may also be due to chance.

In the current study, a major strength was the novelty of evaluating risk of CRC in a
younger cohort, while assessing risks separately for early-onset versus post-age-50 CRC.
Second, recall and selection bias were minimized because of the prospective design and
excellent follow-up rateSL. Third, the exposures were cumulatively updated over time and
have been validated, minimizing misclassification, and reflecting long-term dietary and
lifestyle patterns.

The present study also had some limitations. First, we did not have genetic information
to confirm predisposition to CRC. However, we conducted a sensitivity analysis among
women without a CRC family history, which supported our primary findings. Second,
we had a limited number of CRC cases, especially for early-onset CRC. Third, this
cohort included mainly white women. Thus, the generalizability of our findings to other
populations warrants further investigation.

In conclusion, in this US cohort of younger women, hyperinsulinemic dietary and
lifestyle scores (reflecting higher insulinemic potential) were associated with higher
CRC risk, with the hyperinsulinemic lifestyle showed a suggestively stronger positive
association with early-onset CRC. Nonsignificant associations were observed for two sets
of recommendation-based diet indices—PDQS and plant-based diet indices—and risk of
overall, early-onset, and post-age-50 CRC. Our findings suggest that a healthy diet and
lifestyle with low insulinemic potential may be effective for reduction of CRC risk in
younger women. The importance of elucidating modifiable factors for preventing early-
onset CRC cannot be overstated due to the potential for life-years gained in this younger
population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 3
Associations of cumulative average dietary and lifestyle indices with risk of colorectal cancer diagnosed
before and after age 50 in the Nurses’ Health Study II, 1991-2015"

Age at colorectal cancer diagnosis p 2
het
<50 years 250 years
Number of events 111 221

Prime Dietary Quality Score

Age-adiusted HR (95% C1) 0.90 (0.55,1.48)  0.84 (0.59,1.20)  0.82

Multivariable-adjusted HR (85% CI)* 0.90 (0.55,1.50) 0.91(0.62,1.31) >0.99

Overall Plant-based Diet Index

Age-adiusted HR (95% C1) 1.13(0.68,1.88) 1.03(0.70,1.50)  0.75

Multivariable-adjusted HR(95%CI)4 1.24(0.74,2.08) 110(0.75,162) 070

Empirical Dietary Index for Hyperinsulinemia

Age-adiusted HR (95% C1) 1.34(0.80,2.27) 1.50(1.02,2.19) 0.72

Multivariable-adjusted HR(95%CI)4 124(0.72,2.16) 151(1.00,229) 054

Empirical Lifestyle Index for Hyperinsulinemia

Age-adiusted HR (95% C1) 1.71(1.04,2.81) 1.17(0.82,1.66) 0.21

Multivariable-adjusted HR(95%CI)5 186(112,307) 120(083,1.73) 0.6

Abbreviations: ClI, confidence interval; het, heterogeneity; HR, hazard ratio.
Continuous analyses used rank-order indices for a 75 percentile increment in rank (e.g., median of first to fourth quartile)
2 . .
P for heterogeneity between CRC diagnosed before age 50 years and at age 50 years or older by contrast test.
Adjusted for total energy intake (continuous). Age (months) and follow-up cycle (2-year intervals) were included as stratification variables.
Additionally adjusted for alcohol consumption (continuous), height (continuous), race (white or nonwhite), body mass index (continuous), family
history of colorectal cancer (yes/no), history of diabetes (yes/no), smoking pack-years (continuous), physical activity (continuous), regular use
of aspirin (yes/no), regular use of nonsteroidal anti-inflammatory drugs (yes/no), multivitamin use (yes/no), menopausal status and menopausal

hormone therapy (premenopausal, postmenopausal/never hormone use, and postmenopausal/ever hormone use), and history of lower endoscopy
(yes/no).

5Additi0na||y adjusted for factors listed in4, except for body mass index and physical activity.

Ann Oncol. Author manuscript; available in PMC 2022 June 01.



Page 17

Yue et al.

‘AAnoe [eaisAyd pue xapul ssew Apoq Joy 1daoxe .vc_ paisi| si010ey) J0y uﬂm:_u,qm

*(ou/sak) Adoasopua Jamoj Jo Al1oisiy pue ‘(asn auowioy Jans/fesnedousawiisod pue ‘asn auowlioy
Janauyesnedouswisod ‘jesnedouswiaid) Adesayy suowoy [esnedousw pue snyels fesnedouaw ‘(ou/sak) asn uiwelARnw ‘(ou/sak) sbnip Alojewwreljul-1ue jeprolaisuou Jo asn Jejnbas ‘(ou/sak) uliidse Jo
asn JeynBas ‘(snonunuod) AlAnoe [eaisAyd ‘(snonunuod) sreak-yaed Bujows ‘(ou/sek) saiaqelp Jo A10is1y ‘(ou/sak) 1aoued [19810]09 Jo A101SIy Ajiwey ‘(Snonunuod) xapul ssew Apoq ‘(slymuou Jo alym)
aoel ‘(snonunuod) ybiay ‘(snonunuod) uondwnsuod joyodfe ‘(snonuinuod) axeiul ABIaus €103 10} palsnipy "SajgelIeA UOITedIITeIlS Se PapN|oul a4am (S|eAlaiul Jeak-z) 81942 dn-mojjo) pue (syiuow) mm<v

“190URD 83081 PUB ‘UOJ0D [BISIP ‘U0J0D [WIXO0Id USDMIS] PaJSLHIP SUOIIRIDOSSE IYIBYM PaIss ._.m

*180UBD [£103] PUB U009 [BISIP JO UOITRUIGLUOD U} PUR UOJOD [BWIX04d UBaMIBQ Palayilp SUOIRID0SSE JBUIBYM Palsa ._.N

“(81n4enb yuNoy 01 1s11) JO UBIPaW “B8) YURJ U JUBWAIOUI 8]1IUBIad G/ © 10} SBIPUI JBPIO-YUeI pasn sasAjeue m:o::_Eoow

onel piezey ‘yH ‘Ausuabolsiay ‘18y ‘[eAI8IUl 8UBPIUOD ‘1D UONRIABIGQY

1240] 0€0 (P72 'oTT) ¥9°T (w2280 TvT  (P€€'60T) 16T (€02 'G9°0) GT'T m:o %S6) H "BILIAUINSULIBAAH Jo} Xapul a1fisay1 [eoLidw3
0 ‘elwaulnsuLiadAH Joy xapu| Arelaiq [eaudw

1.0 €70 (8T'2'88°0) 8E'T (zrz'ero)eet (F9z'080)SF'T  (¥6°T '95°0) ¥0'T w:o %56) UH "BILIBUINSULAAAH 10§ X3pu] A1121Q [eouIdu
Y X9 9 9Seq-jue ©Jo,

510 180 (0T'Z ‘06'0) 88T w9z v80) 6vT (122 '2L0) 12T (222 '89°0) €2°T (12 9656) ¥H "X3pul 3314 paseq-iueld IIE1NO
0 ‘3102 11end Aelaiq swid

8€'0 150 (67'T'29°0) 00T (9g'1's70) 8.0 (T22'v2'0)82T (97'T'9v'0) 280 w:o %56) H S Aurend Arealq suind

88T 6 6 98 SJUBAS JO JaqUINN

aus Aq¥d  _aus Agq ¥Ud
€ 2 win}daJ pue uojoa [eisig wnyoey uojo9 [elsig uo|09 [ewixoad

/STOZ-T66T ‘Il ApmS YaesH ,SasINN 8y} Ul 811sgns Aq J8oued [e19210]09 JO XSk Ylm sadipul a1A1sajl] pue Arelaip afielane sAIR|NWND JO SUOIRID0SSY

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ann Oncol. Author manuscript; available in PMC 2022 June 01.



Page 18

Yue et al.

Author Manuscript

Jaut g

4

jusaind

1U844N2 10N

asn @lvSN/ulaidse Jejnfsy

er0  (652'86'0)09T (¥6'T ‘68°0) 2€'T 4
950  (20€'00T)SLT (202'08°0) 22T £
97’0 (89T '650)66'0 (88'T'08°0)€C'T
€50 (2r'T1'es0)980 (OV'T ‘¥9°0) S6°0
8zT Y02
‘_Ec_n_
Z 19Ng PENEIN]
snyels Bupjows
120 (022'780)veT  (L£7'98°0)2¥'T
250  (91'2'€80)¥e€'T  (6S'T'€9°0) 00°T
260 (S¥'T'09°0)€6'0 (8ET 'LS°0) 680
Y91 897
Jaul uelIpaw ano ueIpaw Mo|3
Z o Juep qv - Juelp 1eg

(8amysanoy-1 JIN) Ananoe [eaisAyd

0e0 (8L2'SOT)TLT
800  (0ET'¥S0) ¥8°0

G20 (S8T°290) 20T

(£972'86'0) 29T

(82T '05°0) 080

- v

elwaulnsuLiadAH 104 xapu| 91A1s8417 [eauidwg
elwisuinsuLisdAH 104 xapu| Areyaiq [eanidw3
m:o 9%G6) YH 'Xapu| 1314 paseq-lueld |[BIaN0

m:o %G6) HH ‘81005 Anpend Areleiq swid

S1UBAS JO JaquinN

~&_o %G6) YH ‘BlwaulINsuLISAAH 1oy Xapu] 81A1sa41] [ealidwg
m:o %G6) YH ‘BlWdUINSULIRAAH 104 Xapu| Aresalg [eotidwg
meo 9%G6) HH Xapu| 191Q paseq-lueld |[eJan0

m.A_o %S6) HH ‘81005 Aifend Arelelq switid

SJUBAS JO JaquINN

(12 %S6) ¥H ‘erwaulnsuLiadAH Joj xapu| 8]A1sa417 [eauidw3

(1D 9%56) YH ‘erwaunsutiadAH 1oy xapu| Arela1q featidw

(96'T'69°0) 9T'T £
m:o 2G6) dH ‘X8pu] 181Q paseg-1ueld [[e4en0

88T a2
pEa V]|
z d G2z gz >
(;w/B>) 1Ing

sonsLIvloRIRYD

m:o %56) YH ‘21095 Aifend Aselelq switid

SIUBA® JO JaquInN

G 9lqeL

Author Manuscript

Author Manuscript

/STOZ-T66T ‘Il ApmS Y1fesH ,SasINN ayp ui sio1oey 81A1sa1] Jay1o pue Ase1sip Ag Jaoued 210940109 JO YS1I YIIM S321pul 8]A1sa)1| pue AJesIp JO SUOIRID0SSY

Author Manuscript

Ann Oncol. Author manuscript; available in PMC 2022 June 01.



Page 19

Yue et al.

*sBnIp AJoTewWwe|uI-1U. [BPI0IS]S-UOU ‘AIVYSN ‘YSel JusjeAInba o1jogelsw ‘| JIA ‘011el pIezey ‘HH ‘[eAisiul 80UspIyuod ‘| ‘Xapul ssew Apog ‘|G :SUONBIABIGOY

Author Manuscript

"[3POLU 3L Ul PApNUI 10U SeM JaIPOW 123143 3 L “ANAIIE [eaIsAud pue xapul ssew Apog 10} 1da0Xa ‘eUl palsi] $1010e) 10} umﬁ:._v,qv

"[3pOW 3y} Ul papnjoul 10U SeM JaIpow 19848 ay | "(ou/sak) Adodsopua Jamo Jo A1olsiy pue ‘(asn suowiioy Jans/jesnedousisod pue ‘asn suow.ioy
Janau/jesnedousunsod ‘fesnedouswald) Adelayy suowioy [esnedousw pue snyels fesnedousuw ‘(ou/sak) asn uiwenAninw ‘(oussak) asn sbnip Alojewiwelul-1ue [eploJaisuou o asn Jejnbal ‘(ou/sak) uiidse jo
asn JeynBas ‘(snonunuod) AlAnoe [eaisAyd ‘(snonunuod) sieak-yoed Buiows ‘(ou/sek) saiagelp Jo A101s1y ‘(ou/sak) 1aoued [e19310]09 J0 A101SIy Ajiwe) ‘(SNonuIIuod) xapul ssew Apoq ‘(8liymuou Jo aliym)
89kl ‘(snonunuod) ybiay ‘(snonunuoa) uondwnsuod joyodje ‘(snonunuod) axelul ABIaus [e103 104 PaISnIpY "So|qelieA UOITRIILITRIIS Se Papn|oul alam (S|eAlaul Jeak-g) 819Ad dn-mojjoy pue (syiuow) mm<m.

"Xapul 131 SNONUIIUOD 8U) PUB 1S313JUI JO JBIHIPOW 108448 [enua)od 8yl UssMIB] W) UOIoRIBIUI 8Y) J0) d

4

*(aj1uenb yunoy 01 18414 JO UBIPBW “B°8) MUeJ Ul JUBWBIOUI 8|1UsdIad G/ B 10} SBOIPUI JaPIO-3URl pash sasAjeue snonunuod

r

720 (68T'€60)€€T (¥SC'280) 7’1
0T0 (#9T'2L0)60T (L9V LTT)¥ET
€50 (16T'280)62T (99T ‘050) 260
210 (99T'8L0)¥TT  (SO'T'€€°0) 650
FAXA 00T

a8l

Z d SBA ON

18)|ULIp |0YO|Y
200 (87'T'99°0)66'0 (SS°€‘TVT)¥2C
00 (#L'T'99°0) 20T (8E€'VT'T)L6'T
2c0  (Szz'e60)vrT  (SP'T'vS0) 88°0
800 (6,T220)8TT (80T '2v0)L90
98T T

SE_n_

Z waaan)d JUa44N2 J0N

asn ulwelAnRINA

100> (167 'v9T)¥8'C¢ (S¥'T'69°0) 00°T
00  (TOV'STT)STC (b8'T'LL0)6TT
220 (26T'790)80T (G2'T'8L0)LT'T
280 (29T'950) 260 (L2'T'09°0) 280

Y11

Author Manuscript

81¢

Author Manuscript

w:o 956) dH ‘elwaulnsuladAH 104 Xapu| 814158417 [eauIdwg

m:o %G6) YH ‘BlwdUIINSULIRAAH Joj Xapu] Areyal@ [eotidwg
m:o %S6) HH ‘X3pu] 191Q Paseq-jueld |[eIn0

meo %S6) YH ‘91095 Aufend Aselelq swiid

SIUBA® JO JaquinN

NYA_o %56) YH ‘elwaulnsuiadAH 104 xapu| 81A1s8y1 [eouidwg

m:o 9G6) YH ‘elwaulnsulladAH 1oy xapu| Aseyaiq@ [esridw3

4

m:o %S6) HH Xapul 181Q pased-iueld [[eJan0

m:o 9%G6) HH ‘81005 Anjend Areleiq swiid

SJUBAS JO JaquinN

(12 9%S6) YH "elwaulnsuLiadAH 1oy xapu] a|A1sayi eonidwg

m:o 9%G6) ¥H ‘elwaulnsulisdAH Joy xapu| Aseisig [edridw3

meo %S6) YH X3pul 131Q pased-iueld [[eJan0

meo %S6) HH ‘81005 Alfend Arelelq swiiid

SJUBAS JO JaquINN

Author Manuscript

PMC 2022 June 01.

in

available

Ann Oncol. Author manuscript



Page 20

Yue et al.

Me3My/SINOY-LIIN ST St cm_um_\/_m

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Ann Oncol. Author manuscript; available in PMC 2022 June 01.



	Abstract
	Introduction
	Methods
	Study population and design
	Assessment of dietary and lifestyle pattern indices
	Ascertainment of colorectal cancer
	Assessment of covariates
	Statistical analysis

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

