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Abstract

Research suggests that long-chain omega-3 polyunsaturated fatty acids (LC-PUFAS)
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) have anti-neoplastic properties, yet
evidence for association between LC-PUFAs and colorectal cancer (CRC) remains inconsistent.
Using the VITamins And Lifestyle (VITAL) cohort, we evaluated how EPA/DHA intake, and its
primary sources, fish oil supplement use and dark fish consumption, relate to CRC risk. A total of
68,109 Washington residents aged 50-76 completed a questionnaire between 2000-2002 and were
followed for CRC through 2008 (n=488). Persons using fish oil supplements on 4+days/week for
3+years experienced 49% lower CRC risk than non-users (HR:0.51; 95% CI:0.26-1.00; p-
trend=0.06). The association between fish oil use and decreased CRC risk was primarily observed
for men (p-interaction=0.02; p-trend men=0.02; p-trend women=0.88) and for colon cancer (p-
difference=0.05; p-trend colon=0.03; p-trend rectum=0.87). While dark fish and total EPA+DHA
intake were not associated with CRC risk overall, these associations varied by genetic risk (p-
interaction=0.009 and 0.02, respectively), with inverse associations observed among low-moderate
genetic risk groups and positive associations observed among high risk groups. Results suggest
that associations between LC-PUFA intake and CRC may vary by gender, subsite, and genetic
risk, providing additional insight into the potential role of LC-PUFAS in cancer prevention.

Introduction

Colorectal cancer (CRC) is the third most common cancer among men and women in the
United States (1), and it is therefore important that we identify potential preventive agents.
Inflammation has been implicated in the etiology of several cancers, including CRC, and has
gained recent attention as a target for preventive efforts (2, 3).

Recent RCT evidence has demonstrated that long-chain omega-3 polyunsaturated fatty acids
(PUFAS) eicosapentanenoic acid (EPA) and docosahexaenoic acid (DHA) reduce
inflammation in humans (4, 5). These long-chain omega-3 PUFAs are found in dark fish and
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fish oil supplements, and may have additional anti-neoplastic properties, including anti-
proliferative, pro-apoptotic, and anti-angiogenic effects (6-9).

Despite support for several anticancer mechanisms, observational data on the association
between total long-chain omega-3 intake and CRC risk is inconsistent. While two meta-
analyses have concluded that fish intake is associated with decreased risk of CRC (10, 11),
two systematic reviews of omega-3 PUFASs on cancer risk qualitatively concluded that there
is inadequate (12) or limited (13) evidence to suggest an association between long-chain
omega-3 PUFA intake and CRC risk. Despite the number of studies conducted on dietary
long-chain omega-3 PUFA intake and CRC, few studies have assessed the association
between fish oil supplement use or total (diet+supplemental) long-chain omega-3 intake and
CRC risk. This is important given the popularity of fish oil supplements (14) and the fact
that these supplements contain high doses of EPA and DHA, allowing for a broader range of
exposure potentially not observable when considering dietary exposure alone.

In this paper, we follow up on a previous finding from the VITamins And Lifestyle
(VITAL) study which found that any use of fish oil supplements in the 10 years before
baseline was associated with a reduced risk of CRC (15). With additional follow-up, we
examine whether there is a exposure-response association between CRC and fish oil
supplement use, and further evaluate whether CRC is associated with dark fish intake,
dietary and total (diet+supplement) intake of EPA, DHA, EPA+DHA, and the omega-3 to
omega-6 ratio. We also assess whether associations vary by anatomic subsite and by gender,
body mass index (BMI), aspirin use, dietary fiber intake, history of polyps, and genetic risk.

Materials and Methods

Study Population

The study population includes participants of the VITAL Study, a prospective cohort of
persons aged 50-76 years residing in the 13-county Western Washington catchment area of
the Surveillance, Epidemiology, and End Results (SEER) cancer registry (16). Between
October 2000 and November 2002, 364,418 potential participants identified by purchased
commercial mailing list were mailed a 24-page questionnaire and reminder postcard. 77,719
persons returned the questionnaire and were deemed eligible for inclusion in the VITAL
cohort. Study procedures were approved by the Fred Hutchinson Cancer Research Center
Institutional Review Board.

We excluded persons with a history of CRC as of baseline (n=971), as well as those for
whom this information was missing (n=213). Persons with history or unknown history of the
following conditions were also excluded: ulcerative colitis or Crohn's disease (n=1030),
intestinal polyposis (n=273), and malabsorptive syndromes (n=42). Additional exclusion
criteria included diagnosis with in situ CRC over follow-up (n=12), cancer noted on death
certificate only (n=1), and diagnosis with CRC of certain rare morphologies, such as
malignant carcinoid tumors and lymphomas(n=33). Persons missing information on diet
(n=6,890) and fish oil supplement use (n=236) were further excluded, leaving 68,109
persons for analyses.
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Supplemental fish oil use was ascertained by a series of questions about use of fish oil/
omega-3 supplements in the 10-year period prior to baseline. Participants reporting use of
fish oil/omega-3 supplements at least once a week for a year or more over the 10 years prior
to baseline were asked to report the years of use and average number of days/week of use.
From this information, we classified use into 3 categories (high use [4+ days/week for 3+
years], low use [<4 days/week or <3 years] or no use), with the high dose category including
persons with both high frequency and duration of use.

Dark fish consumption and fatty acid intake were ascertained by a food-frequency
questionnaire (FFQ) which captures frequency of intake and serving size of 120 foods and
beverages (17). Participants were asked about their consumption of “dark fish such as
salmon and fresh tuna” over the last year, from which we classified participants into
quartiles of based on serving-size adjusted frequency. The University of Minnesota's
Nutrition Coding Center Database was used to convert FFQ data into nutrient intake,
including EPA and DHA intake. Participants were excluded from nutrient calculations if
they did not complete all pages of the FFQ or if they reported abnormally high or low
energy intake (men reporting <800 kcal/day or >5000 kcal/day; women reporting <600
kcal/day or >4000 kcal/day). For long-chain omega-3 intake (EPA, DHA, and EPA+DHA),
we present results in terms of i) dietary intake determined by the FFQ, and ii) total dietary
+supplement intake. In calculating g/day of long-chain omega-3 PUFA intake from
supplements, we calculated the average days/week in which fish oil supplements were used
over the 10-year period prior to baseline. We then incorporated information on average EPA
(0.64 g) and DHA (0.35 g) contained within popular fish oil supplements to calculate
estimated average dose of supplemental EPA, DHA, and EPA+DHA intake over the 10-year
period prior to baseline (18). Average daily intake from dietary and supplement sources was
summed to estimate total intake (g/day), with results presented in quartiles. We also present
quartiles of the omega-3 to omega-6 ratio, with omega-3 intake defined by total EPA+DHA
intake and omega-6 intake including dietary arachidonic acid and linoleic acid.

Potential confounders

Age and sex are included in all models, while multivariate analyses include factors
associated with risk of CRC. These covariates were selected a priori and include: race/
ethnicity (white, Hispanic, black, American Indian/Alaska Native, Asian or Pacific Islander,
or other), educational status (high school graduate/GED or less, some college or technical
school, or college graduate or above), BMI (kg/m?; classified as normal weight[<25],
overweight[25-<30], obese[30-<35], and severely obese[35+]), physical activity (no
moderate/vigorous activity, sex-specific tertiles of activity), smoking history (never, quit
10+ years before baseline, quit <10 years before baseline, current), energy intake (quartiles),
total calcium intake (quartiles of dietary+supplemental intake), alcohol consumption (none-
<1 drink/month, 1 drink/month-<4drinks/week, >4 drinks week/-<2 drinks/day, 2+ drinks/
day), multivitamin use (never, past, current), dietary fiber intake (quartiles), fruit/vegetable
intake (quartiles), red/processed meat intake (quartiles), omega-6 intake (quartiles), hormone
replacement therapy (never, former, current), as well as aspirin use and non-aspirin non-
steroidal anti-inflammatory drug (NSAID) use (none, low, high use; high use defined by use
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4+ days/week for 4+ years). Analyses also included adjustment for family history of CRC
among 15t degree relatives (yes/no), history of sigmoidoscopy/colonoscopy in the 10 years
prior to baseline (yes/no), and history of polyp excision (yes/no).

BMI was calculated from self-reported height and weight (kg/m?2) at baseline. For persons
missing baseline BMI, but who reported height and weight at age 45 (n=1114), we estimated
baseline BMI. This was achieved by first calculating the average BMI change/year within
sex-age-race group among those with complete data, after which we applied the group-
specific average BMI change/year to the number of years elapsing since age 45.

Physical activity (average MET-hours/week of moderate/vigorous activity) was ascertained
by questions about activities in the 10-year period prior to baseline. Participants who
reported engaging in a given activity regularly (at least 1 time/week for at least one year) in
this 10-year period were asked to report on hours/day, days/week, and years of activity, plus
intensity for walking. From this information, MET-hours/week of moderate/vigorous
activity was calculated.

We also adjusted for conditions which may have increased fish oil supplement use or dark
fish consumption, including: history of cardiovascular disease (coronary bypass surgery,
angioplasty, angina, myocardial infarction, or stroke), hypercholesterolemia (use of
cholesterol-lowering drugs), and memory loss (memory better/same as age 25, memory
somewhat worse than age 25, or memory much worse than age 25).

Cases include 488 incident, invasive cancers of the colon and rectum diagnosed between
baseline and December 31, 2008. Cases were identified by linkage to the western
Washington SEER registry, which uses information from area hospitals, state death
certificates, and offices of oncologists, radiologists, and pathologists to identify cases.
VITAL is linked to SEER annually in a largely automated process, with datasets matched on
data items common to both datasets, such as: name, Social Security number, and date of
birth. If too few data items are in common to ensure a match, the datasets are reviewed
manually, with participants telephoned directly if needed.

Effect modifiers/Anatomic Subsite

We tested for effect modification and for difference across anatomic subsite (colon vs.
rectum) for the following exposures: fish oil supplement use, dark fish consumption, and
total long-chain omega-3 intake (EPA+DHA). Factors considered as potential effect
modifiers include history of polyp excision (as this may represent a high-risk subgroup for
chemoprevention) and factors associated with inflammation, including: gender, BMI
(normal weight, overweight, obese), aspirin use (yes/no), and smoking status (never/quit >10
years prior to baseline vs current/quit within 10 years of baseline). Given that long-chain
omega-3 PUFAs have anti-inflammatory effects, we hypothesized that the association
between long-chain omega-3 PUFA intake and CRC would be strongest among persons with
highest inflammation. Given recent evidence to suggest that dietary fiber may interact with
long-chain omega-3 intake on CRC risk (19), we also tested for effect modification by
dietary fiber intake (above/below median).
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We also tested for effect modification by genetic risk score within a nested case-control
study. Contributing cases and controls were selected in 2008 and DNA for genotyping was
obtained from buccal swabs collected from cohort participants at the time of baseline
questionnaire. Samples were processed at the Broad Institute using Illumina’s
HumanCytoSNP-12v2 beadchip, with samples excluded in the genotyping process if they
had low sample volume, low sample concentration, gender mismatch, or call rate <97%. Of
those successfully genotyped, duplicates, non-whites and principal components analysis
outliers have been further excluded, leaving 250 cases and 260 controls for analyses. An
overall genetic risk score was created by enumerating the number of risk alleles present at
16 single nucleotide polymorphisms (SNPs) located within known/recently-identified CRC
susceptibility loci including: rs6691170(1q41) rs6687758(1q41), rs10936599(3¢26.2),
rs16892766(8723.3), rs6983267(8g24.21), rs10795668(10p14), rs3802842(11g23.1),
rs11169552(12q13.13), rs7136702(12q13.13), rs4444235(14922.2), rs4779584(15913.3),
rs9929218(16¢22.1), rs4939827(18¢21.1), rs10411210(19q13.1), rs961253(20p12.3), and
rs4925386(20q13.33) (20,21). The number of risk alleles present at each SNP was
determined by either direct genotype or imputation as part of the Genetics and Epidemiology
of Colorectal Cancer Consortium (GECCO). Two of these loci (1941 and 12¢g13.13) include
more than 1 SNP associated with CRC risk. We decided to include both SNPs at each of
these loci in our risk score, as we did not find compelling evidence of correlation between
these SNPs. In addition to the overall score, we also created an exploratory transforming
growth factor-beta (TGF-p) risk score. This exploratory score included a subset of 6 SNPs
(rs4444235, rs4779584, rs4939827, rs10411210, rs961253, rs4925386) included in the
overall genetic risk score which have also been associated with the TGF-p pathway, a
pathway important to various processes involved in carcinogenesis, including inflammation
(20,23,23).

Statistical Analysis

Cox regression was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs)
between exposures of interest and CRC risk, with age used as the time metric of analysis.
Exposures and covariates were modeled using indicator variables; trend was assessed by use
of a single variable with values 1,2,3, etc corresponding to the category of exposure. We
tested for interaction using a single interaction term, with both exposure and effect modifier
modeled using “trend” variables. Participants entered analysis at the time the baseline
questionnaire was received and cases were followed until date of CRC diagnosis, while non-
cases were censored at whichever occurred earliest: date of death (6.7%), date of emigration
out of the SEER catchment area (5.5%), date of requested removal from study (0.03%), or
December 315, 2008 (87.8%). Deaths occurring within the state of Washington were
identified by linkage to the state death file, while emigrations out of area were identified by
linkage to the National Change of Address System and by active follow-up involving
telephone calls and mailings. Study participants have been followed for an average of 6.7
years.

In determining the subsite-specific HRs associated with colon cancer and rectal cancer,
cases of the opposite subsite were censored at the date of diagnosis. To determine the
statistical significance of subsite-specific differences, logistic regression was used to model
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the association between exposure and outcome (colon cancer vs rectal cancer; non-cases
excluded), with the p-trend corresponding to the p-difference across subsite. For analyses
involving genetic risk score, we developed a reduced multivariate model by first deciding on
a base model of covariates, after which we included additional covariates which changed the
beta for interaction by >10%. Our final model for these analyses included age, sex, first 3
principal components to adjust for population substructure, energy intake, and alcohol
consumption. All analyses were conducted using Stata (version 12, College Station, TX).

Analyses include 68,109 persons, among whom 488 cases of CRC occurred. In minimally-
adjusted models presented in Table 1, increasing age and BMI were associated with
increased risk of CRC. Risk of CRC declined with increasing educational status, physical
activity, calcium intake, fiber intake, and fruit/vegetable intake. Recent smokers and current
smokers were observed to be at increased risk of CRC, as were persons consuming >2
alcoholic drinks/week. High consumption of red/processed meat intake was also associated
with increased CRC risk, while aspirin use, HRT, and history of sigmoidoscopy/
colonoscopy were associated with decreased risk.

As compared to non-users, persons using fish oil supplements for 4+ days/week for 3+ years
had reduced risk of CRC (HR: 0.51, 95% CI: 0.21, 1.00), though the test for trend was not
significant (p-trend: 0.06) (Table 2). Dark fish consumption was not associated with CRC
risk, nor was dietary or total (diet+supplemental) EPA, DHA or EPA+DHA intake. The
omega-3 to omega-6 ratio was not associated with CRC risk.

We conducted a sensitivity analysis in which we evaluated whether the association between
the omega-3 to omega-6 ratio and CRC varied if the omega-6 term was defined by
arachidonic acid alone or linoleic acid alone, as opposed to total omega-6 PUFA intake. This
change made little difference (data not shown).

We also conducted sensitivity analyses for associations between CRC and fish oil
supplement use, dark fish consumption, and total omega-3 intake in which we excluded the
first two years of follow-up. Exclusion of early follow-up strengthened results: the HR for
high use of fish oil supplements strengthened to 0.38 (95% ClI: 0.16, 0.93, p-trend:0.05), the
HR for highest vs. lowest quartile of dark fish consumption was 0.66 (95% CI: 0.45, 0.99, p-
trend:0.15), and the HR for the highest vs. lowest quartile of total EPA+DHA was 0.83
(95% CI: 0.58,1.20; p-trend:0.26).

We observed significant interaction (p-interaction: 0.02) between fish oil supplement use
and gender, with increasing dose associated with reduced CRC risk among men (p-trend:
0.02), but not women. As shown in Table 3, male high supplement users experienced 78%
lower risk of CRC than non-users (HR: 0.22; 95% CI: 0.06-0.90). Furthermore, we observed
significant interaction between dark fish consumption and overall genetic risk (p=0.009) and
between total EPA+DHA intake and overall genetic risk (p=0.02) (Table 4). Increasing dark
fish consumption and increasing total EPA+DHA intake were inversely associated with
CRC risk among persons in the lowest two tertiles of genetic risk, while positive
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associations were observed among those in the highest tertile of genetic risk. When the
genetic risk score was limited to 6 SNPs associated with the TGF-f pathway, no interaction
was observed (results not shown). Given limited sample size of this nested case-control
study, we were unable to assess interaction between genetic risk and dose of fish oil
supplement use. No other interactions (BMI, aspirin use, dietary fiber intake, smoking
status, history of polyp excision) were statistically significant (results not shown).

In subsite-specific analyses, increasing fish oil supplement use was associated with reduced
risk of colon cancer, but not rectal cancer (p for difference: 0.05): high supplement users
experienced a 63% lower risk of colon cancer than non-users (HR: 0.37; 95% CI: 0.15-0.91;
p for trend 0.03) (Table 5). Neither dark fish intake nor total EPA+DHA intake was
associated with cancer at either site (Table 5), and no difference in association was observed
between proximal and distal colon cancers (results not shown).

Discussion

In this prospective study, persons using fish oil supplements for 4+ days/week for 3+ years
had about half the risk of CRC of non-users, with the observed association driven by colon
cancer rather than rectal cancer and by findings for men more than women. While dark fish
consumption and long-chain omega-3 intake were not associated with CRC risk overall,
these associations were significantly modified by genetic risk (p-interaction:0.009 and 0.02,
respectively), with inverse associations observed in the low/moderate genetic risk groups
and positive associations observed in the high genetic risk group.

Several epidemiologic studies have addressed the association between CRC and fish intake
or dietary long-chain omega-3 PUFA intake. Two meta-analyses have reported significant
inverse association between fish intake and CRC risk: a 2007 meta-analysis reported a
relative risk (RR) of 0.88 (95% CI: 0.78, 1.00) comparing persons of the highest and lowest
fish consumption categories (11), while a 2012 meta-analysis reported an odds ratio (OR) of
0.86 (95% CI: 0.79-0.95) (10). While our findings were not statistically significant, these
point estimates are comparable in magnitude to the HR observed in our study for dark fish
intake (HR: 0.77; 95% CI: 0.55, 1.07). Furthermore, it should be noted that in the 2012
meta-analysis referenced above, the association was stronger in case-control studies (OR:
0.83; 95% CI: 0.72-0.95) than in cohort studies (HR: 0.93, 95% ClI: 0.86, 1.01) (10). A
previous systematic review of prospective studies in 2006 concluded that there was no
evidence to suggest an association between omega-3 PUFA intake and CRC risk (12),
though overall point estimates were not presented. An updated systematic review of recently
published studies (including both cohort and case-control studies) similarly concluded that
there is only limited suggestion of an association between long-chain omega-3 PUFA intake
and CRC risk (13), again not presenting an overall effect estimate. In part, these observed
inconsistencies may reflect differences in exposure contrast across studies, as there is some
suggestion that studies conducted within high exposure populations reveal stronger
associations than studies with less exposure contrast (24). Results from the 2006 meta-
analysis by Geelen et al support this notion: a pooled RR of 0.95 was observed comparing
highest to lowest fish consumption groups among ‘low exposure contrast’ studies in which
the highest and lowest quartiles were separated by <7 fish eating occasions/month (95% CI:
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0.81, 1.11), while a RR of 0.78 was observed among ‘high exposure contrast’ studies in
which the highest and lowest quartiles were separated by 7+ fish eating occasions/month
(95% CI: 0.66, 0.92) (11).

While our analyses of dietary exposures may have been influenced by insufficient exposure
contrast, analysis of fish oil supplement use may allow for greater contrast, as these
supplements contain high EPA and DHA levels. It is estimated that persons using fish oil
supplements on 4+days/week consume more than 0.56 grams of supplementary EPA+DHA
per day, a much higher threshold of exposure than the cut-point for the upper quartile of
dietary EPA+DHA intake in our study (>0.29 grams EPA+DHA/day). We observed a
stronger association between fish oil supplement use and CRC than was observed for dietary
variables: persons who reported fish oil supplement use on 4+ days/week for 3+years
experienced 49% lower CRC risk than non-users (HR: 0.51; 95% CI: 0.26, 1.00) (p-trend:
0.06). To make our results comparable across exposures in terms of EPA+DHA intake, we
conducted a sensitivity analysis in which we further divided the fourth quartile of dietary
EPA+DHA into two groups (>0.29-<0.56 grams EPA+DHA/day and >0.56 grams EPA
+DHA/day), with those in the highest exposure group (>0.56 grams/day EPA+DHA)
consuming comparable amounts of EPA+DHA as high fish oil supplement users. We
observed that the association between dietary EPA+DHA intake and CRC was strongest
among persons consuming >0.56 grams of dietary EPA+DHA/day (HR: 0.77; 95% CI:
0.46-1.28), though it should be noted that this HR is not as strong as the HR corresponding
to high fish oil supplement use (HR: 0.51; 95% CI: 0.26, 1.00). The association between fish
oil supplement use and CRC risk remains relatively unexplored in the literature, with the
association only previously assessed in the VITAL cohort (15). In an analysis following
persons for CRC through 2006, Satia et al reported that any use of fish oil supplements in
the 10-year period prior to baseline was associated with 35% reduced risk of CRC (HR:
0.65; 95% CI:0.42-0.99) (15). Here, we have 2 additional years of follow-up, providing
more statistical power to assess a dose-response relationship and subgroup and subsite
specific differences, though inclusion of additional follow-up likely increased measurement
error, as cohort members may have changed supplement use over time. A few studies have
reported on the association between total (diet+supplement) long-chain omega-3 intake and
CRC either by questionnaire of diet and supplement use or by use of blood biomarkers.
Results from the questionnaire-based study suggest a significant inverse association between
total (dietary+supplement) EPA intake and CRC (25), though results from two small nested
case-control studies using blood biomarkers are less strong, with one reporting a non-
significant inverse association (26) and another reporting a non-significant inverse
association among men only (27).

In our study, the association between fish oil supplement use and CRC risk varied by gender
(p-interaction:0.02) and by anatomic subsite (p-difference:0.05), with significant association
observed among men (p-trend:0.02), but not among women. Results from prior
epidemiologic studies have been inconsistent, with two reporting an inverse association
among men only (27,28), one an inverse association for women only (29), and another
reporting no difference by gender (30). We also observed the association between fish oil
supplement use and cancer risk to vary over anatomic subsite, with increasing fish oil use
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supplement use associated with reduced risk of colon cancer (p-trend: 0.03), but not
associated with risk of rectal cancer. Given that aspirin is more strongly associated with
colon cancer than rectal cancer(31), observation of stronger association with colon cancer
might be expected as both aspirin and fish oil supplements are thought to reduce
inflammation through the cyclooxygenase pathway (32). Our finding is supported by a
previous cohort study by Sasazuki et al in which marine omega-3 PUFA intake was
significantly associated with reduced risk of proximal colon cancer among men, but not
rectal cancer, though significance of subsite-specific differences was not presented and no
difference was apparent among women (29). However, the literature is not consistent on this
issue, and these results stand in contrast to two meta-analyses of fish consumption and CRC
risk, with one reporting a stronger effect estimate for cancers of the rectum than for the
colon (10), and another reporting comparable associations across subsite (11).

Lastly, we observed a significant interaction between overall genetic risk based on
previously identified CRC susceptibility loci and i) dark fish consumption (p-interaction:
0.009), and ii) total EPA+DHA intake (p-interaction:0.02). In both of these analyses, inverse
associations were limited to the low/moderate genetic risk groups while positive associations
were observed in the high genetic risk group (Table 4). Our observation of a positive
association between long-chain omega-3 intake and CRC risk among persons with high
genetic load is supported by a recent study conducted among persons with Lynch Syndrome
(32), a form of hereditary CRC caused by mutations in DNA mismatch repair genes. In this
prospective cohort, study authors observed that fish oil supplement users had a 1.74-fold
higher risk of colorectal adenoma than non-users (95% CI: 1.00-3.01) (33). While the
association between long-chain omega-3 intake and CRC has not been previously studied in
terms of effect modification by overall genetic risk, it is notable that prior studies have also
shown the association between omega-3 intake and cancer risk to be modified by genetic
variation. For example, a recent case-control study suggested that genetic variation at a
tagging SNP in the PARP gene may modify the association between marine omega-3 intake
and rectal cancer, with inverse association observed between marine omega-3 intake and
rectal cancer among persons of the wild-type, and positive association observed among
those with variation at this SNP (34). Additional observational research suggests that genetic
variation in inflammation-related genes may modify the associations between long-chain
omega-3 intake and risk of cancers of the colon and rectum (35) and colon polyp formation
(36). Our results, in combination with these prior studies, suggest that the association
between long-chain omega-3 intake and CRC risk may vary by underlying genetic risk, a
point which may merit further attention when considering the potential role of long-chain
omega-3 PUFASs in cancer prevention.

Research indicates that long-chain omega-3 PUFAs have several biologic effects which may
be relevant to CRC prevention. Animal models have demonstrated that omega-3 PUFA-rich
diets reduce the release of inflammatory biomarker, PGE,(37), and despite initially
inconclusive small trials (38,39), two recent RCTs have shown omega-3 PUFA
supplementation reduces inflammation in humans (4, 5). Epidemiologic studies corroborate
this growing body of evidence, with a recent study observing that regular fish oil supplement
users have significantly lower levels of inflammation measured by high-sensitivity C-

Nutr Cancer. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kantor et al.

Page 10

reactive protein (hsCRP) than non-users (40). Omega-3 PUFAs are thought to reduce
inflammation by competitively inhibiting pro-inflammatory omega-6 PUFASs via
competition for cyclooxygenase enzyme activity and by displacement of omega-6 PUFA
stores from cell membranes (41-43). Furthermore, in vitro studies demonstrate that omega-3
PUFA:s inhibit the activity of nuclear factor kappa B (NFkB), a transcription factor central to
the inflammatory cascade and which has been implicated in the etiology of several cancers
(43,44).

Beyond posited anti-inflammatory effects, in vitro and animal studies suggest that these
long-chain omega-3 PUFAs may also have several additional anti-neoplastic effects,
including inhibition of tumor growth or increased apoptosis (6, 7,45) and suppression of
angiogenesis (9). Furthermore, animal models have demonstrated that omega-3 PUFAs
reduce the incidence of azoxymethane-induced colon tumors in rats by increasing cell
differentiation and apoptosis (45). A recent small randomized trial in humans suggests that
these mechanisms may extend beyond the animal model: after 3 months of treatment,
persons supplemented with EPA had decreased mucosal proliferation and increased
apoptosis at colonoscopy as compared to those in the control group (8).

A limitation of this study is that we were unable to assess changes in exposure over follow-
up. Given that fish oil supplement use has increased over recent years (14), we might expect
more non-users to become users over time. If a genuine association exists, one would expect
the lack of additional exposure assessment to attenuate the association towards the null.
Another limitation is the narrow range of exposure for dietary variables, limiting our ability
to create substantial exposure contrast and detect significant association, potentially
explaining why the association between fish oil supplement dose and CRC risk is stronger
than other observed associations. Furthermore, those with symptoms of CRC at baseline
may have changed their diet, and in order to address this concern of reverse causality, we
conducted a sensitivity analysis excluding the first two years of follow-up. The associations
strengthened upon exclusion of early follow-up, with the association between fish oil
supplement use and CRC becoming statistically significant. Given that a substantial change
was observed for fish oil supplement use, a behavior unlikely to be affected by early
symptoms of CRC, it seems more likely that this difference is related to the etiologically
relevant time frame. By including the first two years of follow-up, we may have diluted
results by including cases unlikely to have been impacted by exposure at baseline. However,
given the a priori decision to treat this as a sensitivity analysis, emphasis should be placed
on the full cohort.

In addition to the above-listed limitations, our study has several strengths. Notably, we were
able to assess the associations between CRC and fish oil supplement use and total (dietary
+supplemental) intake of long-chain omega-3 PUFAs. Furthermore, the FFQ used to assess
dietary intake was enriched to better ascertain fatty acid intake, while many previous studies
have not considered non-fish sources of EPA and DHA and many have studied total fish
intake with no distinction made between fish of high and low EPA/DHA content (24).
Lastly, the use of a cohort specifically designed to study the association between supplement
use and cancer provided detailed information on exposures and covariates of interest,
including omega-6 intake and reasons for why persons may increase omega-3 intake. Apart

Nutr Cancer. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kantor et al.

Page 11

from results of fish oil supplements, these methodologic advantages did not lead to stronger
results than have been observed in similar studies.

In our study, we were able to examine both dietary and supplementary sources of omega-3
PUFAs in a large prospective study. Furthermore, we were able to examine these
associations across anatomic subsite and across risk subgroups. These subgroup and subsite
specific differences merit further attention, as it is possible that future preventive efforts may
focus on specific subgroups. Given the relative popularity of fish oil supplements and the
high doses of long-chain omega-3 PUFAs in these supplements, future research is needed to
better understand the association between fish oil supplement use and CRC risk.
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