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Abstract

Evidence from animal models suggests that dietary fatty acids have both anticancer and tumor-

promoting effects. Whether dietary fatty acids are associated with colorectal cancer (CRC) in 

humans remains inconclusive. We investigated associations between dietary fatty acids and risk 

of CRC among 59,986 men who participated in the Shanghai Men’s Health Study (SMHS), 

an ongoing population-based prospective cohort study. We identified 876 incident CRC cases 

in the SMHS during a mean follow-up of 9.8 years. Associations between dietary fatty acid 

intake and CRC risk were evaluated by Cox proportional hazard regression analyses. Consumption 

of saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids was not 

significantly associated with CRC risk. Multivariate hazard ratios (HR) and respective 95% 

confidence intervals (CI) for quartile 4 vs. quartile 1 were 0.92 (0.74–1.14; Ptrend=0.47) for 

SFA, 0.95 (0.79–1.16; Ptrend=0.74) for MUFA and 1.18 (0.95–1.46; Ptrend=0.21) for PUFA. No 

significant association was found for total n-6 PUFA and total n-3 PUFA. Additionally, we 

performed a meta-analysis to summarize results from the present study and 28 reports from 26 
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additional cohorts, which supported the overall null association between dietary fatty acid intake 

and CRC risk among men. Docosahexanoic acid (DHA) and eicosapentaenoic acid (EPA) were 

associated with 11–12% reduced risk, and linoleic acid (LA) a 19% increased risk, of CRC in 

the meta-analysis of combined sexes. In conclusion, this population-based prospective study and 

meta-analysis of cohort studies found little evidence that dietary fatty acid intake was associated 

with risk of CRC in men.
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INTRODUCTION

Colorectal cancer (CRC) is the third most commonly diagnosed cancer among men globally, 

with an estimated 1.03 million incident cases worldwide in 2018.1 In the United States, 

CRC accounts for 8.8% of all incident cancers among men, with approximately 78,300 new 

CRC cases projected for 2020.2 Over the past two decades, the CRC incidence rate has 

been substantially reduced in the United States,3 but has increased rapidly in China and 

many other developing countries in Asia.4 In 2018, CRC was the third most common cancer 

and fifth leading cause of all cancer-related deaths among men in China, with an estimated 

303,853 incident CRC cases and 142,476 CRC deaths.1 Adoption of a “Westernized” diet, 

including a high content of protein and saturated fat (derived from animal-sourced foods), 

refined grain, sugar and sugar-sweetened beverages and alcohol, and low intake of fiber, 

fruits and vegetables, has been suggested as a major contributor to the increasing trend of 

CRC in China.5

The impact of high dietary fatty acids on the risk of CRC currently remains inconclusive. 

In 2011, a meta-analysis of 13 prospective cohort studies involving 3,635 CRC cases found 

no effect of total fatty acids (TFA) and specific fatty acids on the risk of CRC.6 No 

significant association was observed among men or women in most prospective cohort 

studies, with exception to the Nurses’ Health Study (NHS)7 and Singapore Chinese Health 

Study (SCHS).8 High intakes of fatty acids, especially saturated fatty acids (SFA) and 

monounsaturated fatty acids (MUFA) from animals, were associated with an increased risk 

of CRC among women in the NHS.7 Similarly, a positive association between TFA and 

SFA and localized CRC (Dukes A or B) was found among women in the SCHS.8 A recent 

meta-analysis conducted in 2018, which included 18 prospective cohorts, however, reported 

no effect of TFA, SFA, MUFA, and a combination of total polyunsaturated fatty acids 

(PUFA), n-3 PUFA and n-6 PUFA on the risk of CRC, overall and in subgroup analyses 

by sex or continent.9 Among specific types of PUFA, the potentially preventive effects 

of total n-3 PUFA and marine-derived n-3 PUFA on CRC risk have been investigated in 

several epidemiological studies.10 A 2015 meta-analysis of 14 prospective cohorts with 

8,775 cancer cases revealed no association between total n-3 PUFA and marine-derived n-3 

PUFA intake and risk of CRC, but a significantly positive association was found between 

marine-derived n-3 PUFA intake and risk of CRC among Asian men.10
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In this study, we evaluated the association of dietary fatty acid intake with the risk of CRC 

among Chinese men using data from a population-based cohort study, the Shanghai Men’s 

Health Study (SMHS). Additionally, we carried out a meta-analysis to summarize the results 

from the most up-to-date literature and the current study.

METHODS

Study Population

The SMHS is an ongoing population-based cohort study conducted in eight communities of 

urban Shanghai, China. Detailed information on the study design and methods are described 

elsewhere.11 Briefly, between January 2002 and September 2006, a total 61,480 men aged 

40 to 74 years who were free of any cancer were recruited for the SMHS, with an overall 

participation rate of 74.1%. At baseline recruitment, information on socio-demographic 

characteristics, medical history, dietary habits, physical activity and lifestyle factors was 

collected through in-person interviews, and anthropometric measurements were taken.11

Dietary and Fatty Acids Intake Assessment

Information on dietary intake at study enrollment and the first follow-up survey was 

collected using a validated semi-quantitative food-frequency questionnaire (FFQ), which 

included 87 food items and food groups commonly consumed in urban Shanghai. This FFQ 

showed high validity and reproducibility when compared with multiple 24 hour dietary 

recalls.12 Individual nutrient intakes including SFA, MUFA, PUFA and specific fatty acids 

were calculated as the sum of products of individual amounts of foods consumed, with 

nutrient contents based on the 2002 Chinese Food Composition Table. To improve the 

validity of assessing usual dietary intakes, the mean value of individual dietary intakes for 

fatty acids, based on baseline FFQ and first follow-up FFQ, was used in the analysis for 

participants who did not report any diagnosis of cancer, myocardial infarction, stroke or 

diabetes mellitus during the period between the baseline FFQ and the first follow-up FFQ. 

For participants who were diagnosed with any of these conditions between the baseline FFQ 

and the second follow-up FFQ, only baseline-reported fatty acid intake was included in the 

current study.

TFA were calculated by combining SFA, MUFA and PUFA intake. Total n-6 PUFA intake 

was calculated by combining linoleic acid (LA, C18:2) and arachidonic acid (AA, C20:4), 

and total n-3 PUFA intake combined alpha-linolenic acid (ALA, C18:3), eicosapentaenoic 

acid (EPA, C20:5), docosapentaenoic acid (DPA, C22:5) and docosahexanoic acid (DHA, 

C22:6). Total n-3 highly unsaturated fatty acids (HUFA, which are fatty acids with ≥20 

carbon molecules) were calculated by combining EPA, DHA and DPA; marine-derived n-3 

PUFA intake (including EPA and DHA) was also calculated. The ratios between total dietary 

n-6 PUFA to total dietary n-3 PUFA, PUFA and MUFA to SFA were also included in the 

study.

Outcome Ascertainment

Participants were followed-up through a combination of annual record linkages to the 

Shanghai Cancer Registry and Shanghai Vital Statistics Registry and via in-person 
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interviews every two to four years. Respective response rates for the first, second and 

third in-person follow-up surveys were 97.6%, 91.9% and 93.6%. Linkage identified or 

self-reported CRC cases, as defined by the 9th version of the International Classification 
of Diseases, codes 153 to 154, were verified through a review of medical charts from the 

diagnostic hospitals.

Statistical Analysis

For the current analysis, we excluded 404 participants who reported extreme total energy 

intake (i.e., either >4200 Kcal/day or <800 Kcal/day).13 To minimize the influence of 

preclinical cancer-related dietary pattern changes, we further excluded any cancer case 

diagnosed within the first two years after study enrollment (n=99), and those with less than 

two years of follow-up (n=991). For the current analysis, the final sample size was 59,986, 

with 876 incident CRC cases, diagnosed from time of enrollment through December 31, 

2016.

Continuous variables and categorical variables were described as mean ± standard deviation 

(SD) and percentages, respectively. Age-adjusted baseline characteristics were compared 

using analysis of variance (ANOVA) for continuous variables and chi-square tests for 

categorical variables. The crude relationship between dietary fatty acids intake and food 

groups were tested with Spearman rank correlations. Dietary intake of fatty acids was 

adjusted for total energy intake using the residual method to control for confounding by total 

energy intake and to reduce extraneous variations.13 Participants were then categorized into 

quartile distributions of energy-adjusted residual intakes of fatty acids in the SMHS cohort. 

Cox proportional hazard models, with age as the time metric, were used to evaluate the 

associations between dietary intake of fatty acids and CRC risk. The follow-up time in the 

SMHS was calculated beginning two years after the date of study enrollment (i.e., excluding 

the first two years of cohort observation) and ending at the date of cancer diagnosis, 

death, loss to follow-up, or December 31, 2016, whichever came first. Hazard ratios (HRs) 

and respective 95% confidence intervals (CIs) were calculated and adjusted for potential 

confounders using the lowest quartile as the reference group.

The following covariates were considered as potential confounders and were included in the 

Cox proportional hazard regression models: age at cohort entry (continuous), educational 

level (i.e., elementary or less, middle school, high school or less, and professional/college 

or higher), income (i.e., low, lower middle, upper middle, and high), cigarette smoking (i.e., 

never smoking, pack-years <20, and pack-years ≥20), alcohol consumption (continuous, 

drinks/day; one drink equaled 14.18 g of alcohol; non-regular alcohol consumption was 

defined as alcohol consumption of <3 times per week for six months or longer), family 

history of CRC (yes/no), body mass index (BMI, kg/m2, continuous), physical activity in 

metabolic equivalent task score per hour per week (continuous), and fiber and calcium intake 

(Kcal/day, continuous). The proportional hazard assumption for the multivariable Cox model 

was evaluated by plots of scaled Schoenfeld residuals versus the ranking of time. Due to 

observed assumption violations, Cox proportional hazard regression models were adjusted 

for aforementioned potential confounders and stratified by cigarette smoking and income 

level. A linear trend was tested by treating the median value of each quartile as a continuous 
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variable. All statistical analyses were conducted using SAS, version 9.4 (SAS Institute, Cary, 

NC, USA), and a two-sided p<0.05 was considered statistically significant.

Meta-analysis

We systematically searched the PubMed database through May 20, 2020 using Medical 

Subject Heading (MESH) terms to identify published prospective cohort studies that 

evaluated associations of specific dietary fatty acid intakes with the risk of CRC (search 

strategy provided in Supplementary Materials and Methods). Additionally, we reviewed the 

reference lists from retrieved articles to identify potentially missed publications. We limited 

our selection of articles to (1) prospective study design; (2) total fat, subtypes of fat and 

specific fatty acids as the exposures of interest; (3) CRC and its subtypes as the outcomes of 

interest; (4) estimates including relative risk (RR), hazard ratios (HRs) or odds ratio (OR, for 

nested case-control studies), with corresponding 95% CIs; and (5) in the English language. 

Multiple publications from the same study were carefully reviewed and selected based on 

consideration of the number of events, duration of follow-up, and information on reported 

fatty acids.

A total 278 articles were identified through a MESH search strategy on the PubMed 

database. After excluding irrelevant studies by reviewing titles and abstracts, and adding 

7 articles from the reference lists, 32 articles7, 8, 14–43 were identified to be potentially 

appropriate for the meta-analysis. Six publications17, 25, 28, 36, 38, 39 resulted from the same 

two cohort studies; the two publications25, 36 with the largest events and longest duration of 

follow-up time were included in the current analysis. Four reports14, 18, 31, 32 that were based 

on the same study population but evaluated different types of dietary fat intake with CRC 

risk were included in the meta-analysis. Overall, we selected 28 studies,7, 8, 15, 16, 18–27, 

29–37, 41–43 derived from 26 population-based prospective cohorts, for this meta-analysis 

(Supplemental Figure 1). Including our current study, the number of studies was 16 for 

TFA,7, 8, 15, 16, 18–22, 24–27, 32, 40 18 for SFA,7, 8, 14–16, 19–27, 32, 37, 4114 for MUFA,7, 8, 15, 16, 

18, 19, 21, 22, 25–27, 32, 41 and 10 for PUFA.8, 15, 21, 22, 25, 27, 32, 37, 41 As most prior prospective 

studies derived total n-6 PUFA by the sum of LA and AA,33, 36 we applied this definition in 

the meta-analysis, resulting in 12 studies for total n-6 PUFA assessment.8, 26, 30, 31, 33, 36, 37, 

40, 41, 43 However, discrepant findings were observed between studies regarding the method 

for choosing which fatty acids to include in the consumption summaries for total n-3 PUFA 

and subtype n-3 PUFA.10 Thus, the number of selected studies in the final meta-analysis 

were 13 for total n-3 PUFA (ALA+EPA+DHA+DPA or ALA+EPA+DHA),8, 15, 26, 29–31, 33, 

37, 40, 41, 43 five for n-3 HUFA (EPA, DHA, and DPA),31, 33, 36, 42 and six for marine-derived 

PUFA (EPA and DHA).8, 21, 27, 30, 35, 40

We performed a meta-analysis applying the random effect model. To evaluate potential 

modification of sex, cancer sites and geographic region on the association, sex-specific, 

anatomic-specific and region-specific analyses were also performed. The heterogeneity 

across studies was examined by Q test and I2 statistics. For the Q test, a p value <0.1 

was considered statistically significant. For I2 statistics, a value of <25% was considered as a 

low level of heterogeneity; 25–50% was considered as a moderate level, and >50% as a high 

level. Publication bias was assessed by applying the Begg rank correlation method and the 
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Egger weighted regression method, and a p<0.1 was considered as a statistically significant 

publication bias. All statistical meta-analyses were carried out using Stata software, version 

14.0 (StataCorp. College Station, TX, USA).

RESULTS

We identified 876 incident CRC cases (including 534 colon cancers and 342 rectal cancers) 

among a total 59,986 participants during a mean follow-up of 9.8 years in the SMHS. When 

compared with participants who did not develop CRC, those who developed CRC (cases) 

were approximately six years older (61.0 years vs. 55.1 years). Cases were more likely to 

drink alcohol, be obese and to have a family history of CRC than non-cases (Table 1). Cases 

and non-cases did not differ in educational attainment, income levels and smoking habits. 

The Spearman rank correlation (r) between dietary fatty acid intake and food groups are 

presented in Supplementary Table 4 (all P <0.001).

Association of dietary fatty acid intake and CRC risk

TFA intake, and the ratio of PUFA and MUFA to SFA, were not significantly associated 

with the risk of CRC in the age- and energy-adjusted model, or in the multivariate adjusted 

model. SFA, MUFA and PUFA were not associated with the risk of CRC. The respective 

multivariable HRs and 95% CI, when comparing the 2nd, 3rd and 4th (highest) quartiles 

with the 1st (lowest) quartile, were 0.88 (0.73–1.07), 0.85 (0.69–1.04), 0.92 (0.74–1.14) and 

Ptrend=0.47 for SFA; 0.89 (0.74–1.08), 0.90 (0.75–1.10), 0.95 (0.79–1.16) and Ptrend=0.74 

for MUFA; and 1.16 (0.95–1.41), 1.10 (0.90–1.35), 1.18 (0.95–1.46) and Ptrend=0.21 for 

PUFA (Table 2). There were also no significant associations found between TFA, SFA, 

MUFA or PUFA intake, or with the ratio of PUFA and MUFA to SFA and CRC risk, by 

anatomic site of CRC (Supplemental Table 2–3).

There were no significant associations between dietary intake of LA, AA, total n-6 PUFA, 

ALA, EPA, DHA, marine-derived n-3 PUFA, n-3 HUFA, or total n-3 PUFA and CRC risk. 

The respective multivariable HRs and 95% CI, when comparing the 2nd, 3rd and 4th (highest) 

quartiles with the 1st (lowest) quartile, were for total n-6 PUFA: 1.16 (0.95–1.41), 1.20 

(0.98–1.47), 1.18 (0.95–1.47) and Ptrend =0.16; and for total n-3 PUFA: 1.08 (0.89–1.31), 

1.16 (0.95–1.42), 1.09 (0.87–1.36) and Ptrend =0.42 (Table 3). Likewise, we did not find any 

significant trend or association between dietary intake of each specific fatty acid and CRC or 

its subsites, with one exception. In the multivariate adjusted model, the 4th quartile of ALA 

intake (C18:3, a n-3 PUFA) was associated with an increased risk of rectal cancer (HRQ4 vs 

Q1: 1.45 (1.03–2.05); Ptrend =0.01) (Supplemental Tables 1–3).

Meta-analysis

In the overall meta-analysis, there were no significant associations between TFA, SFA, 

MUFA or PUFA, including total n-6 PUFA, total n-3 PUFA, n-3 HUFA, and marine-derived 

PUFA with CRC risk. The combined relative risk (RR) and 95% CIs were 1.01 (0.92–1.10) 

for TFA, 0.98 (0.90–1.07) for SFA, 1.04 (0.93–1.15) for MUFA, 1.04 (0.92–1.17) for PUFA, 

1.02 (0.93–1.11) for total n-6 PUFA, 1.00 (0.91–1.10) for total n-3 PUFA, 0.94 (0.87–1.01) 
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for n-3 HUFA, and 1.03 (0.92–1.13) for marine-derived PUFA (Figures 1–2, Supplemental 

Figure 2 & Table 4).

No significant sex-specific, anatomic-specific or region-specific associations were found 

for TFA, SFA, MUFA or PUFA, including total n-6 PUFA, total n-3 PUFA, n-3 HUFA, 

and marine-derived PUFA on CRC risk in the stratified analyses. ALA intake was not 

significantly associated with CRC risk in overall, or sex-specific, anatomic-specific and 

region-specific analyses (Supplemental Table 3). There was an indication of possible 

modification by sex for PUFA (P=0.04).

In the meta-analysis of men only, the combined RR and 95% CIs were 0.92 (0.78–1.09) for 

TFA, 0.87 (0.76–1.00) for SFA, 0.99 (0.85–1.14) for MUFA, 1.14 (0.94–1.39) for PUFA, 

0.99 (0.86–1.13) for total n-6 PUFA, 0.94 (0.83–1.08) for total n-3 PUFA, 0.99 (0.86–

1.14) for n-3 HUFA, and 1.09 (0.95–1.24) for marine-derived PUFA. There was evidence 

of heterogeneity across studies for TFA and total n-3 PUFA (P <0.1), and a significant 

publication bias in the literature regarding CRC risk with MUFA (P for Begg = 0.04 in 

the analysis of combined sexes) and marine-derived PUFA (P for Egger = 0.03 in the male 

analysis) (Table 4 & Supplemental Tables 5–6).

Regarding the type of n-6 PUFA, LA was significantly associated with a 19% increased risk 

of CRC (combined RR= 1.19; 95% CI: 1.07–1.33) in the analysis of combined sexes, and 

a 25% increased risk of CRC among European and Australian populations (combined RR= 

1.25; 95% CI: 1.09–1.45) in the region-specific analysis. An approximately 42% increased 

risk of rectal cancer was also found for LA in the analysis with combined sexes (combined 

RR= 1.42; 95% CI: 1.11–1.81) (Table 4 & Supplemental Tables 5–6).

The meta-analysis of combined sexes also showed an 11–12% reduced risk of CRC 

associated with intake of DHA (combined RR= 0.89; 95%CI: 0.83–0.97) or EPA (combined 

RR= 0.88; 95%CI: 0.82–0.95) (Table 4). Furthermore, EPA and DPA intake were associated 

with a 12–13% lowered risk of colon cancer, and DHA intake was inversely associated with 

a 13% reduced risk of rectal cancer (Supplemental Table 5). In the region-specific analysis, 

DHA and DPA intake were associated with an 11% and 15% lowered risk of CRC in studies 

conducted in Europe and Australia, respectively (Supplemental Table 6).

DISCUSSION

In our prospective population-based cohort study of 59,986 Chinese men in Shanghai 

with 876 incident CRC cases, and a meta-analysis with 28 reports from an additional 

26 prospective cohorts, we found no evidence that TFA, SFA, MUFA or PUFA were 

significantly associated with the risk of CRC in overall, or sex-specific, anatomic-specific 

and region-specific analyses. In a meta-analysis of combined sexes, we found that higher 

EPA intake was significantly associated with an 11% lowered risk of CRC and 12% lowered 

risk of colon cancer, while a high DHA intake was associated with a respective 12% and 

13% lowered risk of CRC and rectal cancer compared with those with low intakes of these 

fatty acids. Furthermore, significant positive associations were observed between LA intake 
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and risk of CRC and rectal cancer. The significant associations between LA, EPA and DHA 

intakes with CRC risk were only significant among European and Australian populations.

Previous animal studies have suggested that dietary fatty acid intake may have both 

anticancer and tumor-promoting effects. Animal experiments have shown that high fat 

diets could lead to an increase in biliary secretion, which could damage the mucosal 

epithelium, induce frequent apoptosis and increase the risk of endogenous mutations and 

development of CRC.44 A high intake of SFA could increase free fatty acid and bile acid 

levels, which are metabolized by gut microbes to generate secondary bile acid. Secondary 

bile acid can promote colorectal carcinogenesis through an increase in pro-inflammatory 

effectors and oxidative stress mediated via engagement of the nuclear factor-kB (NFkB) 

and cyclooxygenase-2 pathways (COX-2/prostaglandin synthase-2).45 Among specific types 

of PUFA, the potential effects of dietary n-3 PUFA (in which marine fish oil is rich) and 

n-6 PUFA (in which vegetable oils, processed and fast foods, and red meats are rich) on 

carcinogenesis have been mostly investigated. In mouse models, n-3 PUFA, such as EPA 

(C20:5) and DHA (C22:6), have been consistently shown to have anti-inflammatory and 

antineoplastic effects.46 Conversely, n-6 PUFA, such as LA (C18:2) and AA (C20:4), have 

been found to have tumor-promoting effects.46

The associations of dietary fatty acids with CRC risk in humans have been inconclusive 

in epidemiological literature.6,10 The null associations for TFA, SFA, MUFA and PUFA, 

as well as for specific fatty acids among men, found in the current study, are in line with 

several previous studies conducted on both Caucasian and Asian male populations.8, 16, 

18, 21, 30, 36 In 2014, Song et al. found no association between total n-6 PUFA or marine-

derived PUFA with CRC risk among 76,386 American men.36 Null associations were also 

reported in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study (ATBC) and 

Cancer Prevention Study-II (CPS-II).30 Moreover, two prospective cohort studies involving 

883 CRC cases among 55,276 Japanese male participants showed no significant associations 

between CRC and TFA, SFA, MUFA, PUFA or marine-derived PUFA (EPA+DHA), or total 

n-6 PUFA, total n-3 PUFA, or the subtype ratio of n-6 to n-3 PUFA with CRC risk.27, 33 

Dietary intake of TFA, SFA and MUFA was also not significantly associated with risk of 

CRC in a prospective study among 27,293 Singaporean Chinese men.8 Our finding from the 

SMHS is also supported by the results of our meta-analysis.

A significant inverse association between total n-3 PUFA intake and CRC risk was reported 

in 2008 in the Physicians’ Health Study (PHS), which included 21,406 men.29 A significant 

inverse association between colon cancer and saturated fat intake was also reported in 

a Japan-Hawaii Cancer study among 7,074 men of Japanese ancestry during a 15-year 

follow-up.14 In the SMHS, we found that ALA intake was associated with an increased risk 

of rectal cancer. However, our meta-analysis showed null associations for ALA intake in 

overall, or sex-specific, anatomic-specific and region-specific analyses. Thus, this positive 

association needs to be interpreted with caution and requires future confirmation.

Meta-analysis of prospective studies, including our current cohort study and previous 

studies, found no associations between TFA, SFA, MUFA or PUFA, including total n-6 

PUFA, total n-3 PUFA, n-3 HUFA and marine-derived PUFA in overall, or sex-specific, 
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anatomic-specific and region-specific analyses. Our finding that EPA, DHA and DPA 

intakes were inversely associated with CRC is in line with the finding from a previous 

meta-analysis.47 However, the observed inverse associations were only significant among 

European and Australian populations. We also found that LA intake was positively 

associated with CRC risk among European and Australian populations. Further studies are 

needed to investigate the contributors to population-specific associations.

Our meta-analyses showed no heterogeneity in fatty acid and CRC associations by sex, with 

the exception of PUFA intake (P for interaction <0.05). We found that PUFA intake was 

associated with a reduced risk of CRC among women, and an increased risk of CRC in men. 

Estrogen level has been suggested to lead to changes in fatty acid utilization and oxidation.48 

High estrogen levels may decrease the production of prostaglandin E2 (PGE2, a product 

of AA-derived eicosanoids), promoting tumor cell survival.49 In the Shanghai Women’s 

Health Study among 73,242 Chinese women, Murff et al. reported n-6 to n-3 PUFA intake 

ratios were significantly associated with an increased risk of CRC and increased production 

of prostaglandin E2 (PGE2, a product of AA-derived eicosanoids) in only CRC cases. A 

significant positive association between TFA and SFA and the risk of localized CRC (Dukes 

A or B) was observed among Singaporean Chinese women, but not among Singaporean 

Chinese men.8 Recently, the European Prospective Investigation into Cancer and Nutrition 

(EPIC) study, involving an evaluation of 6,291 CRC cases out of 521,324 cohort members, 

reported that high dietary intakes of n-3 HUFA (as long-chain n-3 PUFA), EPA, DPA 

and DHA were significantly associated with a reduced risk of CRC, and the n-6 to n-3 

HUFA intake ratio was associated with significantly increased risk of CRC, colon and rectal 

cancers.42 These significant associations were only significant among women, although 

there was no heterogeneity by sex.42 More research is needed to further investigate the 

potential modification of sex on the dietary fatty acid intake and CRC association and its 

underlying biological mechanisms.

The most notable strength of our study is its prospective population-based cohort study 

design, high follow-up rates, repeated dietary assessments and detailed information on 

a wide array of potential confounders. The SMHS FFQ covered approximately 90% of 

commonly consumed foods in urban Shanghai and showed high validity and reproducibility, 

compared with multiple 24 hour dietary recalls, performed separately for men.12 In addition, 

26 prospective cohort studies were included in our meta-analysis.

Our study also has some limitations. First, although dietary information was collected 

through in-person interviews using validated FFQs, potential measurement error is 

inevitable. We used repeated dietary assessments implemented at baseline and the first 

follow-up to improve dietary intake assessment. We further excluded the first two years of 

follow-up to minimize the influence of preclinical cancer-related dietary pattern changes and 

reduce potential influences of reverse causation and varied dietary measures. Nonetheless, 

measurement errors are unavoidable and may have biased our results towards the null. 

Second, we did not collect information on supplemental fish oil intake, which may confound 

the associations under study. Due to the lack of information on trans-fat in the Chinese Food 

Composition Table, trans-fat was not included in our analysis. Finally, the findings from our 

prospective cohort study may not be generalizable to all populations, such as people living 
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in rural areas or with low socioeconomic status (SES), as all participants of the SMHS were 

recruited from urban areas, and most of the cohort studies included in the meta-analysis did 

not include sufficient participants with low SES.

In conclusion, we found that TFA, SFA, MUFA and PUFA, or specific PUFA subtypes or 

other specific fatty acid intake, were not associated with the risk of CRC among Chinese 

men in Shanghai. Meta-analysis findings from 26 prospective cohort studies and the current 

study confirmed the null association among men. However, the meta-analysis of men and 

women combined suggests that high EPA and DHA intakes were inversely associated, and 

high LA intake was positively associated, with CRC risk, particularly among European and 

Australian populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

We would like to thank the participants and the research staff members of the Shanghai Men’s Health Study, 
without whom this study would not have been possible. The SMHS were supported by the U.S. National Institutes 
of Health [R01 HL079123 to Dr. X.O. Shu]. Yong-Bing Xiang was partially supported by the National Key Project 
of Research and Development Program of China (2016YFC1302503). Sang Nguyen was supported by a VECD 
Global Health Fellowship, funded by the National Cancer Institute (NCI) and the Fogarty International Center (FIC) 
of the NIH (D43 TW009337). We would like to thank Dr. Alicia Beeghly-Fadiel for her helpful comments. We also 
thank Dr. Mary Shannon Byers for editing this manuscript.

DATA ACCESSIBILITY

SMHS data used in this research project will be available following the study data sharing 

policy posted online at: https://swhs-smhs.app.vumc.org/smhs_index.php.

Abbreviations

AA arachidonic acid
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EPIC European Prospective Investigation into Cancer and Nutrition
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HUFA highly unsaturated fatty acids

JPHC Japan Public Health Center

LA linoleic acid

MESH Medical Subject Heading

MUFA monounsaturated fatty acids

NHS Nurses’ Health Study

PHS Physicians’ Health Study

PUFA polyunsaturated fatty acids

RR relative risk

SFA saturated fatty acids

SMHS Shanghai Men’s Health Study

TFA total fatty acids
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Novelty and impact

Comprehensive analysis of data from a prospective cohort study and meta-analysis of 

data from 26 additional cohorts found little evidence that consumption of total, saturated, 

monounsaturated or polyunsaturated fatty acids, including specific fatty acids, were 

significantly associated with colorectal cancer (CRC) risk among men, overall or by 

anatomic site. Meta-analysis of men and women combined showed linoleic acid (LA) 

intake positively associated, and eicosapentaenoic acid (EPA) and docosahexanoic acid 

(DHA) inversely associated with CRC risk.
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Figure 1: 
Meta-analysis of TFA and SFA intake and risk of CRC
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Figure 2: 
Meta-analysis of MUFA and PUFA in take and risk of CRC
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Table 1.

Characteristics of study participants by subsequent colorectal cancer diagnosis (n=59,986)

Non-CRC CRC p-value *

No. of participants (number) 59,110 876

Age (Years; Mean ± SD) 55.1±9.7 61.0±9.3

Educational levels (%)

Elementary or less 6.4 11.3 0.84

Middle school 33.3 31.5

High school 36.2 31.1

Professional/college or higher 24.1 26.1

Income levels (%) a

Low 12.5 9.7 0.7

Lower middle 42.5 43.6

Upper middle 35.2 36.9

High 9.8 9.8

Lifetime smoking (pack-years; Mean ± SD) 0.3±3.0 0.4±3.1 0.09

Never smoking 30.3 34.3 0.31

pack-years <20 30.9 24.9

Pack-years ≥20 38.8 38.8

Alcohol consumption (drinks/day; Mean ± SD) b 0.8±1.7 0.9±1.8 0.02

Lifetime non-regular alcohol drinker 66.5 64.7 0.02

<1 drink/day 7.1 7.3

≥1 drink/day 26.4 28.0

Family history of CRC (%) 2.1 3.1 0.05

History of other diseases (%) c 20.8 21.9 0.06

Body mass index (kg/m2; Mean ± SD) 23.7±3.1 24.3±3.3 <0.0001

<22.9 40.8 34.6 0.0002

23.0–24.9 26.1 25.6

25.0–27.9 24.9 27.1

≥28.0 8.2 12.7

Physical activity (MET-h/week; Mean ± SD) 59.5±34.2 66.7±35.6 0.1

Mean ± SD for continuous variables and % for categorical variables.

*
The differences across subgroups were compared using ANOVA tests for continuous variables and χ2 for categorical variables by adjusting for 

age.

a
Defined as low: < ¥500 person per month; Lower middle: ¥500-999 per person per month; Upper middle: ¥1000-1999 per person per month; 

High: ≥ ¥2000 per person per month.

b
One drink equaled 14.18 g of alcohol. Non-regular alcohol consumption was defined as alcohol consumption of <3 times per week for six months 

or longer.

c
Reported any diagnosis of cancer, myocardial infarction, stroke or diabetes mellitus during the period between the baseline FFQs and the second 

follow-up FFQ.

CRC: colorectal cancer.
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Table 4.

Meta-analysis of the association between types of dietary fatty acid intake (highest vs lowest intake) and the 

risk of CRC by gender

Test for heterogeneity Test for publication bias

Fatty acids # of studies RR (95%CI) pa I2(%) p for Eggerb p for Beggc p for EMd

TFA

 Women 9 1.08 (0.92–1.28) 0.11 36.8 0.49 0.72

0.11 Men 6 0.92 (0.78–1.09) 0.10 41.2 0.72 0.17

 Mixedǂ 4 1.08 (0.98–1.19) 0.62 0.0 0.39 1.0

 Overall 17 1.01 (0.92–1.10) 0.06 32.6 0.77 0.32

SFA

 Women 9 1.07 (0.95–1.22) 0.54 0.0 0.47 0.37

0.09 Men 6 0.87 (0.76–1.00) 0.48 0.0 0.91 0.54

 Mixedǂ 5 0.99 (0.84–1.17) 0.47 0.0 0.45 0.26

 Overall 18 0.98 (0.90–1.07) 0.41 3.7 0.37 0.31

MUFA

 Women 6 1.10 (0.90–1.37) 0.14 37.2 0.44 0.76

0.46 Men 6 0.99 (0.85–1.14) 0.21 27.8 0.22 0.02

 Mixedǂ 4 1.05 (0.84–1.32) 0.25 26.1 0.53 0.81

 Overall 14 1.04 (0.93–1.15) 0.12 27.6 0.05 0.04

PUFA

 Women 4 0.85 (0.70–1.03) 0.74 0.0 0.26 0.46

0.04 Men 4 1.14 (0.94–1.39) 0.17 37.2 0.74 0.22

 Mixedǂ 4 1.12 (0.94–1.33) 0.41 0.0 0.49 0.46

 Overall 10 1.04 (0.92–1.17) 0.18 24.8 0.26 0.43

Total n-6PUFA

 Women 8 1.02 (0.89–1.17) 0.16 31.5 0.42 0.37

0.70 Men 5 0.99 (0.86–1.13) 0.20 29.8 0.06 0.76

 Mixedǂ 3 1.11 (0.85–1.44) 0.15 46.7 - 1.0

 Overall 13 1.02 (0.93–1.11) 0.13 27.3 0.84 0.72

Total n-3PUFA

 Women 8 1.03 (0.89–1.20) 0.17 29.8 0.83 0.28

0.43 Men 6 0.94 (0.82–1.08) 0.21 21.4 0.78 1.0

 Mixedǂ 3 1.08 (0.78–1.48) 0.07 62.9 0.16 30

 Overall 14 1.00 (0.91–1.10) 0.08 32.2 0.61 0.70

n-3 HUFA

 Women 3 0.99 (0.81–1.20) 0.32 14.2 0.75 1.0
0.11

 Men 3 0.99 (0.86–1.14) 0.90 0.0 0.85 0.73

 Mixedǂ 1 0.86 (0.78–0.95) - - - -

 Overall 6 0.94 (0.87–1.01) 0.38 7.1 0.45 0.92
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Test for heterogeneity Test for publication bias

Fatty acids # of studies RR (95%CI) pa I2(%) p for Eggerb p for Beggc p for EMd

Marine-derived PUFA

 Women 4 0.98 (0.82–1.17) 0.14 42.0 0.92 0.46

0.34 Men 5 1.09 (0.95–1.24) 0.36 8.2 0.03 0.26

 Mixedǂ 1 0.88 (0.65–1.20) - - - -

 Overall 7 1.03 (0.92–1.13) 0.21 24.0 0.31 0.63

Ratio n-6/n-3 PUFA

 Women 2 1.24 (0.62–2.48) 0.11 60.7 - 1.0

0.71 Men 2 1.09 (0.92–1.28) 0.71 0.0 - 1.0

 Mixedǂ 1 1.22 (0.92–1.62) - - - -

 Overall 4 1.10 (0.97–1.25) 0.49 0.0 0.28 0.81

Ratio n-3/n-6 PUFA

 Women 2 1.01 (0.80–1.28) 0.71 0.0 0.78 0.73

0.26 Men 2 1.21 (0.99–1.49) 0.43 0.0 0.71 0.73

 Mixedǂ 0

 Overall 2 1.12 (0.96–1.31) 0.61 0.0 0.83 0.71

Type of fatty acids

LA (C18:2)

 Women 5 1.20 (1.00–1.44) 0.68 0.0 0.85 0.81

0.65 Men 3 1.10 (0.85–1.41) 0.21 36.8 0.71 1.0

 Mixedǂ 2 1.28 (1.04–1.57) 0.54 0.0 0.43 1.0

 Overall 10 1.19 (1.07–1.33) 0.62 0.0 0.52 0.76

AA (C20:4)

 Women 3 0.85 (0.69–1.06) 0.75 0.0 0.09 0.30
0.42

 Men 1 0.89 (0.72–1.09) - - - -

 Mixedǂ 1 1.12 (0.79–1.58) - - - -

 Overall 5 0.91 (0.79–1.04) 0.68 0.0 0.62 0.46

ALA (C18:3)

 Women 6 1.10 (0.98–1.24) 0.77 0.0 0.92 0.76

0.54 Men 5 1.00 (0.86–1.16) 0.25 24.9 0.77 0.71

 Mixedǂ 2 1.02 (0.83–1.24) 0.82 0.0 0.58 1.0

 Overall 11 1.05 (0.97–1.13) 0.71 0.0 0.95 0.75

EPA (C20:5)

 Women 4 0.85 (0.70–1.03) 0.35 9.7 0.14 0.22

0.87 Men 2 0.92 (0.76–1.11) 0.80 0.0 0.99 1.0

 Mixedǂ 3 0.92 (0.78–1.08) 0.21 36.7 0.37 0.30

 Overall 8 0.88 (0.82–0.95) 0.60 0.0 0.96 0.53

DHA (C22:6)

 Women 4 0.89 (0.72–1.09) 0.29 19.0 0.77 0.81
0.82

 Men 2 0.94 (0.79–1.12) 0.83 0.0 0.03 0.30
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Test for heterogeneity Test for publication bias

Fatty acids # of studies RR (95%CI) pa I2(%) p for Eggerb p for Beggc p for EMd

 Mixedǂ 3 0.88 (0.80–0.97) 0.50 0.0 0.54 0.30

 Overall 8 0.89 (0.83–0.97) 0.72 0.0 0.46 0.35

DPA (C22:5)

 Women 3 0.87 (0.54–1.39) 0.13 50.7 0.94 1.0
0.29

 Men 2 0.99 (0.83–1.18) 0.59 0.0 0.79 1.0

 Mixedǂ 2 0.84 (0.76–0.94) 0.31 2.1 - 1.0

 Overall 5 0.90 (0.80–1.01) 0.28 18.5 0.31 0.71

ǂ
 : These prospective studies reported the result including males and females. 

a
 : p value for heterogeneity 

b
 : p of Egger, p value of Egger rank correlation method for testing publication bias 

c
 : p of Begg, p value of Begg rank correlation method for testing publication bias 

d
 : p value for effect modification by gender (only women, only men, and men & women) 

Total fatty acids (TFA): SFA + MUFA + PUFA; Total n-6 PUFA: LA + AA; Total n-3 PUFA: EPA + DHA + ALA + DPA or EPA + DHA + ALA; 
n-3 HUFA: EPA + DHA + DPA; Marine-derived PUFA: EPA + DHA.
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