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Abstract

Background & Aims—Serrated polyps (SPs) and conventional adenomas are precursor lesions 

for colorectal cancer (CRC) but believed to arise via distinct pathways. We characterized risk 

factor profiles for SPs and conventional adenomas in a post-hoc analysis of data from 3 large 

prospective studies.

Methods—We collected data from the Nurses’ Health Study (NHS), the NHS2, and the Health 

Professionals Follow-up Study (HPFS) on subjects who developed SPs or conventional adenomas. 

Our analysis comprised 141,143 participants who had undergone lower gastrointestinal endoscopy, 

provided updated diet and lifestyle data every 2–4 years, and were followed until diagnosis of a 

first polyp. We assessed 13 risk factors for CRC in patients with SPs or conventional adenomas, 

and examined the associations according to histopathology features.

Results—We documented 7945 SPs, 9212 conventional adenomas, and 2382 synchronous SPs 

and conventional adenomas during 18–20 years of follow up. Smoking, body mass index, alcohol 

intake, family history of CRC, and height were associated with higher risk of SPs and 

conventional adenomas, whereas higher intake of vitamin D and marine omega-3 fatty acid were 

associated with lower risk. The associations tended to be stronger for synchronous SPs and 

conventional adenomas. Smoking, body mass index, and alcohol intake were more strongly 

associated with SPs than conventional adenomas (P for heterogeneity <.05), whereas physical 

activity and intake of total folate and calcium were inversely associated with conventional 

adenomas but not SPs. For SPs and conventional adenomas, the associations tended to be stronger 

for polyps in the distal colon and rectum, larger than 10 mm, or with advanced histology.

Conclusions—In an analysis of data from 3 large prospective studies, we found that although 

SPs and conventional adenomas share many risk factors, some factors are more strongly associated 

with 1 type of lesion than the other. These findings provide support for the etiologic heterogeneity 

of colorectal neoplasia.

Graphical abstract

Colorectal cancer risk factors and risk of serrated polyp and conventional adenoma

*Smoking : current smokers with ≥30 pack-years versus never smokers; Body mass index: ≥35 

versus <25 kg/m2; Alcohol intake: ≥14 g/d versus never for men, ≥7 g/d versus never for women; 

Physical activity: ≥60 versus <7.5 metabolic equivalent task-hours/week versus; Dietary factors: 

highest quartile versus lowest quartile.
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Introduction

Colorectal cancer (CRC) has been thought for decades to develop through the conventional 

adenoma-carcinoma continuum.1 However, increasing evidence supports that serrated 

polyps (SPs) represent another precursor lesion of CRC and contribute to about one third of 

CRC cases through an alternative pathway.2, 3 The serrated pathway has been suggested to 

play an important role in the development of “interval cancers”, which occur despite 

endoscopic screening and surveillance.4 According to the 2010 WHO classification schema, 

SPs include hyperplastic polyps (HPs), sessile serrated adenoma/polyps (SSA/Ps) and 

traditional serrated adenomas (TSAs).5 The serrated continuum is proposed to mainly 

originate from HPs and transit to SSA/Ps or TSAs prior to progression to dysplasia and 

carcinoma6, although some evidence suggests the in situ development of SSA/Ps7. In 

contrast to the conventional pathway arising from chromosomal instability, the serrated 

pathway is characterized by CpG island methylation phenotype (CIMP), BRAF mutation, 

and often microsatellite instability (MSI).8 Given the close link between inflammation and 

MSI, tumors arising from the serrated pathway may be more strongly associated with 

inflammatory processes that are important for CRC development.9

Lifestyle or environmental factors play an important role in CRC, with a variety of potential 

lifestyle risk factors identified. 10-12 Some of these factors have been differentially 

associated with SPs than conventional adenomas.13-16 Among them, compelling data 

support that smoking is much more strongly associated with risk of polyps that arise from 

the serrated pathway than conventional adenomas.13-15 However, for other factors, 

epidemiologic data are sparse and inconsistent. Some but not all studies found that alcohol 

intake and body mass index (BMI) were stronger risk factors for SPs than conventional 

adenomas.14-16 Of note, most of the evidence is based on relatively small case-control 

studies with limited lifestyle data.

Therefore, to extend our knowledge, we performed a comprehensive analysis of the risk 

factor profiles of SPs and conventional adenomas within three large prospective cohort 
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studies, the Nurses’ Health Study (NHS), the NHS2, and the Health Professionals Follow-up 

Study (HPFS). We first assessed numerous CRC risk factors in relation to SPs and 

conventional adenomas separately, and then compared the associations between the two 

lesions through case-only analyses. We also performed subgroup analyses according to 

histopathological features of polyps.

Methods

Study population

The NHS included 121700 US female nurses aged 30 to 55 at enrollment in 1976. The 

NHS2 included 116430 registered US female nurses aged 25 to 42 years at enrollment in 

1989. The HPFS enrolled 51529 male health professionals aged 40 to 75 at study entry in 

1986. More details about the follow-up of the three cohorts have been described previously.
17-19 Briefly, participants were mailed a biennial questionnaire that inquired detailed medical 

and lifestyle information, including history of endoscopic examinations and diagnosis of 

CRC and polyp. Diet was assessed by a validated food frequency questionnaire (FFQ) every 

four years. The average follow-up rate has been greater than 90% in all three cohorts. The 

study was approved by the institutional review board at the Brigham and Women’s Hospital 

and Harvard T.H. Chan School of Public Health.

Ascertainment of colorectal polyp cases and subtypes

On each biennial questionnaire, participants were asked if they had undergone a 

colonoscopy or sigmoidoscopy and if any colorectal polyp had been diagnosed in the past 

two years. For those who reported yes, we asked for permission to acquire their endoscopic 

and pathologic records. Investigators blinded to any exposure information reviewed all 

records and extracted clininopathological data. Because detailed histological information of 

polyps was not collected until 1992 for the NHS/HPFS and 1991 for the NHS2, we used 

these years as the baseline of the current study for each of the cohorts. Furthermore, detailed 

subsite and size information of SP was not collected until 2004 for the NHS/HPFS and 2003 

for the NHS2; and thus the subgroup analyses by histopathological features of SPs were 

based on the follow-up starting from these years. At baseline, we excluded participants who 

had a history of cancer (except non-melanoma skin cancer), colorectal polyp, inflammatory 

bowel disease, or participants who had missing data on any of the studied risk factors. We 

compared the basic characteristics of participants before and after excluding those who had 

missing data at baseline, and did not observe any substantial difference (Supplementary table 

1). A total of 53,858 eligible participants in the NHS, 58,574 in the NHS2, and 28,711 in the 

HPFS who had undergone at least one lower gastrointestinal endoscopy since baseline were 

included in the current analysis. Among all endoscopies, flexible sigmoidoscopies accounted 

for about 25%, with a greater proportion in the earlier years than in the latter years 

(Supplementary Figure 1).

In this study, SPs included hyperplastic polyps and mix/serrated adenomas, while 

conventional adenomas included tubular, tubulovillous and villous adenomas, and adenomas 

with high-grade dysplasia. Mixed/serrated adenoma included both mixed polyps (those with 

both adenomatous and hyperplastic changes in histology) and polyps with any serrated 
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diagnosis (e.g., serrated adenoma, serrated polyp, and SSA/P). If a participant had both SPs 

and conventional adenomas in an endoscopy, we recorded each type of the polyps separately, 

and considered the patient as synchronous SPs and conventional adenomas case in the 

current study.

Covariate Assessment

In the baseline and biennial follow-up questionnaires, we assessed numerous CRC risk 

factors, including family history of CRC, cigarette smoking (no/past/current smoker, pack-

years of cigarette smoking), height, BMI, physical activity, and regular aspirin use. 

Participants were defined as having a positive family history of CRC if at least one of their 

parents and siblings had been diagnosed with CRC. For physical activity, weekly energy 

expenditure was estimated by multiplying the typical intensity expressed in metabolic 

equivalent of task (MET) (the ratio of metabolic rate during the activity to metabolic rate at 

rest)20 by the reported hours spent per week. Details about assessment of aspirin use have 

been described previously.21-23 Briefly, participants were asked whether they took aspirin 

regularly and, if so, the frequency and dose of use per week. To capture the increasing use of 

baby aspirin (81 mg), we asked participants to convert four baby aspirin tablets to one adult 

standard-dose tablet (325 mg) in the questionnaires administered during 1992–2000 and 

started asking about baby aspirin use separately since 2000. Consistent with our prior 

analyses21-23, regular aspirin use was defined as use of at least two standard-equivalent 

tablets per week, whereas those who did not use aspirin or used less than the specified dose 

were considered as non-regular users. Food frequency questionnaires were administered 

every four years to assess dietary risk factors, including alcohol, processed red meat, total 

fiber, folate, calcium, vitamin D, and marine omega-3 fatty acid (including eicosapentaenoic 

acid [EPA], docosahexaenoic acid [DHA] and docosapentaenoic acid [DPA]). Supplemental 

use was included in calculation of total nutrient intake. The validity of the FFQs in assessing 

food and nutrient intake has been documented previously.24, 25 For missing data of the 

studied risk factors that occurred in the follow-up questionnaires, we carried forward the 

most recent available information from prior questionnaires.

Statistical analysis

Our analysis only included participants who had at least one lower endoscopy during the 

followup. If a participant had more than one endoscopy during the study period, multiple 

records from the same participant were included in the analysis. To account for possible 

multiple records per participant and to handle time-varying exposure and covariates 

efficiently, we used an Andersen-Gill data structure with a new record for each 2-year 

follow-up period during which a participant underwent an endoscopy. Participants were 

censored at the diagnosis of any colorectal polyp, at the time of death, or the end of the 

follow up (June 1, 2012 for the NHS, June 1, 2011 for the NHS2, and January 1, 2010 for 

the HPFS), whichever occurred first. To capture long-term exposure, we calculated the 

cumulative average of risk factors from preceding questionnaires up to the current cycle. 

Multivariable-adjusted logistic regressions for clustered data (PROC GENMOD) were used 

to account for repeated observations (i.e., multiple endoscopies) and to calculate odds ratios 

(ORs) and 95% confidence intervals (CIs).
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We examined a total of 13 CRC risk factors, for which substantial data supported their 

potential role in CRC development.10-12,26 Smoking was categorized into never smokers, 

past smokers with <30 pack-years, past smokers with ≥30 pack-years, current smokers with 

<30 pack-years, and current smokers with ≥30 pack-years. Test for trend was performed 

using pack-years of smoking as a continuous variable. BMI was grouped into <25, 25–29.9, 

30–34.9, and ≥35 kg/m2 according to the WHO classification. Physical activity was 

categorized into <7.5, 7.5–14.9, 15–29.9, 30–59.9, and ≥60 MET-hours/week based on the 

previous studies.27, 28 Alcohol intake was grouped into never, <3.5, 3.5–6.9, and ≥7 g/day in 

women; and never, <7, 7–13.9, and ≥14 g/day in men, based on the Dietary Guidelines for 

Americans.29 Dietary intakes of total fiber, folate, calcium, vitamin D, marine omega-3 fatty 

acid, and processed red meat were categorized into quartiles. For dietary factors, test for 

trend was conducted using the median of each category as a continuous variable. We also 

assessed family history of CRC, height, and regular aspirin use. All analyses were based on 

a multivariable model that adjusted for all the non-dietary risk factors, age (continuous), and 

race (Caucasian or non-Caucasian) as well as endoscopy-related factors, including time 

period of endoscopy (in 2-year intervals), number of prior endoscopies (continuous), time in 

years since the most recent endoscopy (continuous), and reason for endoscopy (routine 

screening or symptom).

We first evaluated the associations of CRC risk factors with SPs and conventional adenomas 

separately, and then compared the associations for SPs and conventional adenomas among 

cases only by calculating the P for heterogeneity. In secondary analyses, we examined the 

associations according to several histopathological features of polyp, including anatomic 

location, size, and risk classification (for conventional adenomas only; non-advanced, 

advanced), and also tested for heterogeneity by these features through case-only analyses. 

For subsite, polyps in the cecum, ascending colon, hepatic flexure, transverse colon or 

splenic flexure were classified as proximal; polyps in the descending or sigmoid colon as 

distal, and those in the rectum or rectosigmoid junction as rectal. SPs were also classified by 

size (small: <10mm, large: ≥10mm). Advanced conventional adenomas were defined as at 

least one conventional adenoma of ≥10 mm in diameter or with advanced histology 

(tubulovillous/villous histological features or high grade or severe dysplasia), or ≥3 

conventional adenomas regardless of histology or size.30, 31 For both SPs and conventional 

adenomas, if more than one polyp was diagnosed in an anatomic region (proximal and distal 

colon and rectum), the size of the largest polyp and the histology of the most advanced 

lesion were used.

Given that diminutive distal HPs are believed to have little or no malignant potential, we 

reexamined the associations for SPs after excluding those that were located in the distal 

colon or rectum and sized less than 10 mm, and performed a sensitivity analysis for SPs 

located in the proximal colon with size of ≥10mm only. Moreover, given that “mixed 

adenoma” is considered an outdated term, we excluded polyps that were initially classified 

by pathologists as mixed/serrated adenomas from the SP analysis. To test the robustness of 

our findings to the secular trend of exams, we also performed a sensitivity analysis by 

restricting to participants who had undergone colonoscopies only.
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We first performed all the analyses in each of the three cohorts separately. Because no 

substantial difference was observed (Supplementary Tables 2–4), we pooled the data 

together and adjusted for study cohort in the final model. All the analyses were performed 

using SAS 9.4 (SAS Institute, Cary, NC, USA). All the statistical tests were two-sided and p 

value <0.05 was considered statistically significant.

Results

During 18–20 years of follow-up of 141143 participants in the three cohorts, we documented 

7945 cases with SPs, 9212 cases with conventional adenomas, and 2382 cases with 

synchronous SPs and conventional adenomas. As shown in Table 1, participants had a mean 

age of 60.2±10.6 years, BMI of 26.6±5.3 kg/m2, and alcohol consumption of 6.3±9.3 g/day; 

80% were females, 95% Caucasians, and 5% current smokers. Compared with participants 

who did not develop polyp, those with polyps were more likely to have a family history of 

CRC, smoke, and drink alcohol; had a higher BMI; and consumed more processed red meat 

and less fiber, folate, calcium, vitamin D, and marine omega-3 fatty acid.

Table 2 presents the multivariable associations of CRC risk factors with SPs and 

conventional adenomas, and Tables 3 and 4 show the subgroup results according to polyp 

features. We briefly summarize below the main findings of these analyses for each of the 

risk factors.

Family history of CRC

Positive history of CRC in a first-degree relative was associated with higher risk of SPs (OR, 

1.51; 95% CI, 1.43–1.59) and conventional adenomas (OR, 1.46; 95% CI, 1.39–1.54), with 

no difference between the two lesions (P for heterogeneity=.96). For SPs, we also noted a 

difference by anatomic subsite: the association was stronger for distal colon (OR, 1.41; 95% 

CI, 1.27–1.56; P for heterogeneity=.001) and rectal polyps (OR, 1.33; 95% CI, 1.19–1.48; P 
for heterogeneity=.05) than proximal colon polyps (OR, 1.14; 95% CI, 1.02–1.29).

Smoking

Compared to never smokers, current smokers with more than 30 pack-years had an almost 

2.5-fold increased risk of developing SPs (OR, 2.52; 95% CI, 2.29–2.78) and 13% increased 

risk of developing conventional adenomas (OR 1.13; 95% CI, 1.00–1.27), yielding an OR of 

2.16 (95% CI, 1.86–2.51) comparing SPs to conventional adenomas (reference) in the case-

only analysis (P for heterogeneity<.001). The association was even stronger for participants 

with synchronous SPs and conventional adenomas (OR, 3.49; 95% CI, 2.97–4.09). When 

stratified by subsite, the associations appeared to be stronger for distal colon (OR, 3.12 for 

SPs; 1.74 for conventional adenomas) and rectal polyps (OR, 3.41 for SPs; 1.79 for 

conventional adenomas) than proximal polyps (OR, 1.59 for SPs; 1.45 for conventional 

adenomas) (P for heterogeneity<.001). For conventional adenomas, the association was 

stronger for advanced conventional adenomas (OR, 1.57; 95% CI, 1.36–1.82) compared to 

non-advanced conventional adenomas (OR, 1.48; 95% CI, 1.31–1.68; P for heterogeneity=.

007).
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BMI

BMI was positively associated with risk of SPs and conventional adenomas, and the 

association was stronger for SPs than conventional adenomas (P for heterogeneity<.001). 

The ORs comparing BMI ≥35 kg/m2 to <25 kg/m2 were 1.34 for SPs (95% CI, 1.23–1.46) 

and 1.07 for conventional adenomas (95% CI, 0.98–1.17), with a stronger association for 

cases with synchronous SPs and conventional adenomas (OR, 1.90; 95% CI, 1.63–2.21). By 

subsite, the association was stronger for SPs located in the distal colon (OR, 1.76; 95% CI, 

1.53–2.02; P for heterogeneity<.001) and rectum (OR, 1.64; 95% CI, 1.41–1.91; P for 

heterogeneity<.001) than those in the proximal colon (OR, 1.05; 95% CI, 0.89–1.24).

Physical activity

Compared to individuals who exercised for less than 7.5 MET-hours/week, those who 

exercised for at least 60 MET-hours/week had a lower risk of conventional adenomas (OR, 

0.87; 95% CI, 0.78–0.97; P for trend=.005), whereas no association was found for SPs (OR, 

0.92; 95% CI, 0.82–1.04). For conventional adenomas, a stronger association was observed 

for those located in the distal colon (OR, 0.80; 95% CI, 0.69–0.92) and with advanced 

histology (OR, 0.84; 95% CI, 0.71–0.98).

Alcohol intake

Compared to never drinkers, heavy alcohol drinkers (≥14 g/d for men, ≥7 g/d for women) 

had higher risk of SPs (OR, 1.33; 95% CI, 1.24–1.43; P for trend<.001) and conventional 

adenomas (OR, 1.17; 95% CI, 1.10–1.25; P for trend<.001), with an OR of 1.14 (95% CI, 

1.04–1.26, P for heterogeneity=.02) for comparing SPs to conventional adenomas in the 

case-only analysis. For synchronous SPs and conventional adenomas, the association was 

stronger (OR, 1.67; 95% CI, 1.47–1.91; P for trend<.001). By subsite, the association was 

stronger for SPs located in the distal colon (OR, 1.51; 95% CI, 1.32–1.71) and rectum (OR, 

1.56; 95% CI, 1.36–1.79) than those in the proximal colon (OR, 1.39; 95% CI, 1.20–1.60).

Height

Height was weakly associated with higher risk of SPs (OR per 10cm increase, 1.04; 95% CI, 

1.01–1.08), conventional adenomas (OR, 1.03; 95% CI, 0.99–1.06), and synchronous SPs 

and conventional adenomas (OR, 1.13; 95% CI, 1.06–1.20; P for trend<.001). For SPs and 

conventional adenomas, the associations were stronger for polyps located in the proximal 

colon (OR, 1.17 and 1.06, respectively) and distal colon (OR, 1.11 and 1.07, respectively) 

than those in the rectum (OR, 1.04 and 1.03, respectively). The association was particularly 

strong for SPs of ≥10mm (OR, 1.24; 95% CI, 1.09–1.41; P for trend=.001).

Aspirin

While regular aspirin use was not associated with overall SPs (OR, 0.96; 95% CI, 0.91–1.01) 

or conventional adenomas (OR, 0.96; 95% CI, 0.92–1.00), an inverse association was 

observed for SPs of ≥10mm (OR, 0.72; 95% CI, 0.59–0.87) and advanced conventional 

adenomas (OR, 0.88; 95% CI, 0.82–0.94).
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Diet

All the ORs described in this section were based on comparison of extreme quartiles. In 

general, we found that nutritional factors tended to be associated with conventional 

adenomas relative to SPs, and the associations were stronger for advanced conventional 

adenomas than non-advanced conventional adenomas. For total fiber intake, although no 

association was found with either SPs or conventional adenomas, an inverse association was 

found for advanced conventional adenomas (OR, 0.86; 95% CI, 0.78–0.95; P for 

heterogeneity=.02). Total folate and calcium intake was inversely associated with risk of 

conventional adenomas, with the OR of 0.93 (95% CI, 0.87–0.99) and 0.90 (95% CI, 0.85–

0.96), respectively, whereas no association was found for SPs (P for heterogeneity=.03 and .

01, respectively). Vitamin D intake was inversely associated with SPs (OR, 0.92; 95% CI, 

0.86–0.98) and conventional adenomas (OR, 0.85; 95% CI, 0.80–0.90). When analyzed by 

subsite, the associations with vitamin D were stronger for polyps in the distal colon (OR, 

0.85 for SPs and 0.79 for conventional adenomas) than proximal colon (OR, 0.93 for SPs 

and 0.90 for conventional adenomas). Marine omega-3 fatty acid was associated with lower 

risk of SPs (OR, 0.90; 95% CI, 0.84–0.96) and conventional adenomas (OR, 0.89; 95% CI, 

0.84–0.95), and this inverse association did not vary by polyp subsite or size (P for 

heterogeneity>.05). We did not find any association between processed red meat intake and 

SPs or conventional adenomas, although a positive association was observed for distal colon 

conventional adenomas (OR, 1.16; 95% CI, 1.07–1.25) and advanced conventional 

adenomas (OR, 1.16; 95% CI, 1.06–1.26).

Sensitivity analysis

Because diminutive distal HPs may have limited malignant potential, we examined the risk 

factors for SPs after excluding those that were located in the distal colon or rectum and sized 

less than 10 mm. As shown in Table 3, the results were largely similar to those based on all 

SPs, with a statistically significant positive association observed for family history of CRC, 

smoking, BMI, alcohol intake, and height. We also noted a statistically significant inverse 

association for regular aspirin use (OR, 0.87; 95% CI, 0.79–0.97). When further restricted to 

large (≥10mm) proximal SPs, the results were similar, although the case number was limited 

(n=389, Supplementary Table 5). Moreover, the results were essentially unchanged when we 

excluded “mix/serrated adenoma” from the SP analysis (Supplementary Table 6) and 

restricted the analysis to participants who had undergone colonoscopies only 

(Supplementary Table 7).

Discussion

The current study represents a comprehensive analysis that encompasses a total of 13 CRC 

risk factors for SPs and conventional adenomas in three large prospective cohort studies. We 

found that, although SPs and conventional adenomas shared many CRC risk factors, some 

factors were more strongly associated with one lesion than the other. Furthermore, a much 

stronger association was found for most of the lifestyle factors in relation to synchronous 

SPs and conventional adenomas. Overall, our results support the etiologic heterogeneity of 

colorectal neoplasia. Moreover, given that SPs have been suggested as an important 
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contributor for “interval cancers”, our findings have potential clinical implications for CRC 

prevention.

We found that smoking and alcohol intake were strongly associated with SPs and 

conventional adenomas, and the associations were stronger for SPs than for conventional 

adenomas. Consistent with our results, previous studies have consistently linked smoking to 

increased risk of colorectal polyps.14, 15 In particular, smoking has been strongly associated 

with higher risk of SSA/P, a subtype of the SP family and a recently recognized precursor 

lesion for CRC6, 13, especially for proximal CRC32. Because SSA/P was generally not 

appreciated in clinical practice until 2003–2005, we were unable to rely on pathology 

reports to provide sufficient information to ascertain and distinguish SSA/P from other SPs. 

However, consistent with the existing data that SSA/P is more likely to present with a large 

size (average over 8.5mm) and advanced features33, we found that smoking was more 

strongly associated with large SPs than small SPs. On the other hand, our findings for a 

stronger association of smoking with SPs in the distal colon and rectum than in the proximal 

colon contrast with our expectations, because SSA/Ps tend to arise from the proximal 

colon30, 33, 34. It is possible that smoking is involved in initiation of SPs and other factors 

that occur primarily in the proximal colon, such as certain bacteria (e.g., Fusobacterium 
nucleatum)35 and dysregulation of the antitumor immune response,36 may stimulate the 

progression of SPs to SSA/Ps in that region, whereas SPs arising in the distal colon or 

rectum tend not to progress. Furthermore, the overwhelming number of HPs over SSA/Ps 

among the proximal SPs might have diluted any strong association between smoking and 

SSA/Ps. Indeed, in line with our findings, other studies did not observe a consistent 

association between smoking and proximal SPs.37 The underlying mechanisms for the 

strong association between smoking and increased risk of serrated tumors remain unclear. 

Smoking may promote aberrant DNA promoter methylation that leads to MSI-high, CIMP-

positive tumors with somatic BRAF mutations arising from the serrated pathway.38, 39

For alcohol intake, findings regarding its relationship with SPs remain mixed.13-16, 40 Some 

studies16 but not others13-15, 40 found a weak to moderate association between high alcohol 

intake and increased risk of hyperplastic polyps. Similar inconsistency has also been 

reported for SSA/Ps.13, 41 A recent meta-analysis reported a statistically significant 33% 

increased risk of SPs comparing the highest to the lowest alcohol drinkers.41 We noted a 

stronger association between high alcohol intake and increased risk of SPs, compared with 

conventional adenomas. Given the potential role of alcohol in DNA hypermethylation42, 

development of SPs may represent an intermediate step in alcohol-induced colorectal 

carcinogenesis.

BMI has been positively associated with risk of colorectal adenomas in many43, 44, but not 

all16, studies. In the current study, we observed a strong association between high BMI and 

increased risk of both conventional adenomas and SPs. Interestingly, in contrast to most 

previous studies13, 16, 45, we found that the association was stronger for SPs than 

conventional adenomas. However, prior studies have several limitations, including 

insufficient control for confounding45, retrospective case-control13 or cross-sectional16 study 

design with potential recall bias16 and selection bias13. Obesity is known to be associated 

with increased levels of bioavailable insulin-like growth factor 1 (IGF-1), which is 
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implicated in colorectal adenoma formation.46, 47 Moreover, obesity may promote colorectal 

carcinogenesis through chronic subclinical inflammatory conditions.48 Notably, 

inflammatory conditions seemed to be of greater importance in neoplastic progression for 

SPs than for conventional adenomas.49 In addition, growing data have implicated the gut 

microbiota in colorectal carcinogenesis.50 Fusobacterium nucleatum has been most 

consistently associated with increased risk of colorectal neoplasia. Interestingly, 

Fusobacterium nucleatum has been shown to be more abundant in obese people51 and also to 

be more strongly associated with the serrated pathway than with the conventional pathway,
35, 52 suggesting that obesity may alter regional inflammatory status and abundance of 

specific microbes to promote the development of SPs.

Regular use of aspirin has been linked to a 4–27% reduction in the risk of adenoma 

recurrence in several randomized clinical trials.53-55 In a pooled analysis of three 

chemoprevention trials, aspirin use was associated with a 40% reduced risk for SPs in the 

right colon.40 We found a modest association between regular use of aspirin with lower risk 

of large SPs and advanced conventional adenomas, supporting a chemo-preventive benefit 

for colorectal carcinogenesis. Aspirin may exert its anticancer effects through several 

interconnected mechanisms, including reduction of synthesis and catabolism of pro-

inflammatory prostaglandin; inhibition of WNT/β-catenin signal; inactivation of platelets; 

and modulation of the host immune response.56

Diet plays an important role in the development of colorectal neoplasia.12 In this study, we 

found that dietary factors were generally more strongly associated with conventional 

adenomas than SPs, and the associations appeared to be much stronger for advanced than 

non-advanced conventional adenomas. Given that most CRCs that develop through the 

conventional pathway originate from advanced conventional adenomas and that non-

advanced conventional adenomas have very limited malignant potential, our findings support 

the etiologic relevance of diet in CRC. For example, although total fiber intake was not 

associated with overall conventional adenomas or SPs, it was associated with lower risk 

advanced conventional adenomas, in line with the meta-analysis findings that fiber was 

associated with a lower risk of CRC.57 Similarly, we confirmed previous findings that intake 

of total calcium, vitamin D, and folate was inversely associated with risk of conventional 

adenomas58-60. In contrast, we did not find any association between calcium and folate 

intake and risk of SPs. This is consistent with previous studies that reported a null or weak 

association between these nutrients and SSA/Ps,13 but contradict the recent meta-analysis 

that found a beneficial association of high calcium and folate intake with risk of SPs.41 

However, the latter finding needs to be interpreted cautiously because of potential selection 

bias in the included studies13, 40 and substantial between-study heterogeneity. In vitro and 

experimental studies suggest that calcium and vitamin D may protect against KRAS 
mutation and aberrant WNT/β-catenin pathway, both of which are critical in the initiation of 

conventional adenomas.61-63 Nonetheless, WNT/β-catenin pathway has also been implicated 

in progression, rather than initiation, of SPs.64, 65 Limited evidence indicates that folate may 

decrease risk of KRAS-mutated CRC in men.66 Taken together, these data suggest that 

dietary factors may have a particularly important influence on the conventional pathway 

underlying colorectal carcinogenesis.
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Our study has some strengths, including the prospective design, large sample size, long-term 

follow-up, comprehensive profiling of CRC risk factors, and detailed and repeated data 

collection, as well as confirmation of polyp diagnosis with detailed recording of 

histopathologic information based on pathology reports. Moreover, diagnostic 

documentation for both SPs and conventional adenomas allows us to compare their risk 

factor profiles, thus providing critical insight into the etiologic heterogeneity of CRC. 

Several limitations of our study need to be noted as well. First, because of the evolving 

nature and lack of consensus regarding the diagnostic criteria of specific subtypes of SPs, we 

were unable to distinguish HPs from SSA/Ps and TSAs. As mentioned above, the 

classification of polyps in this current study was based on a review of pathology records 

without central pathological review by an expert pathologist, which may have contributed to 

misdiagnosis or misclassification of some lesions. However, polyp size has been established 

as a strong predictor for the likelihood of a polyp progressing into advanced neoplasia. 

Through detailed stratified analysis by size, we noted that the associations of lifestyle factors 

tend to be more strongly associated with large SPs, supporting the etiologic relevance of 

these factors to carcinogenesis. Second, lifestyle and dietary factors assessed by FFQ are 

subject to measurement error. However, given the prospective design, any error in exposure 

assessment would have likely attenuated the observed association. Third, as our cohort 

participants are largely Caucasians, we were unable to compare the risk factors for SPs 

according to race, which needs to be investigated in further studies. Fourth, given the 

observational design, residual confounding cannot be ruled out. However, all the reported 

estimates were derived from multivariable models that adjusted for the risk factors 

simultaneously and the relative homogeneity of health professionals helps minimize the 

likelihood of uncontrolled confounding. Finally, multiple comparisons were performed in 

our analyses, and therefore our results should be interpreted with caution.

In summary, we found smoking, BMI, and alcohol intake were positively associated with 

both SPs and conventional adenomas, more strongly for SPs than for conventional 

adenomas, whereas physical activity and some dietary factors, such as folate and calcium, 

were more inversely associated with conventional adenomas, particularly advanced 

conventional adenomas, than SPs. Vitamin D and marine omega-3 fatty acid intake was 

associated with lower risk of SPs and conventional adenomas, with no difference between 

the two lesions. The observed associations tended to be stronger for synchronous SPs and 

conventional adenomas. These data support the etiologic heterogeneity of SPs and 

conventional adenomas, and highlight that some potential lifestyle modifications (smoking 

cessation, maintenance of a healthy body weight, and moderation of alcohol consumption) 

may be more important to emphasize as complements to endoscopic screening to reduce the 

incidence of “interval cancers”. Further studies are needed to confirm our findings and 

elucidate underlying mechanisms.
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