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Abstract

Background Growing body of laboratory evidence sup-

ports the beneficial effects of n-3 polyunsaturated fatty

acids (PUFAs) on colorectal cancer (CRC) prevention.

Epidemiologic studies investigating the relationship

between n-3 PUFAs intake and risk of CRC, however, have

been inconsistent. We aimed to clarify the relation by

conducting a meta-analysis of prospective studies.

Methods Eligible studies were identified by searching

PubMed database and by carefully reviewing bibliogra-

phies of retrieved publications. Summary relative risks

(RRs) with their 95 % confidence intervals (CIs) were

computed with a random-effects model. Subgroup, meta-

regression, and dose–response analyses were performed to

explore potential sources of heterogeneity.

Results A total of 14 prospective studies involving 8,775

cancer cases were included in the final analysis. Overall,

total n-3 or marine PUFAs intake was not associated with

risk of CRC (RR 0.99 and 1.00). However, there was a

trend toward reduced risk of proximal colon cancer (total

n-3 PUFAs: RR 0.83, 95 % CI 0.66–1.05; marine PUFAs:

RR 0.81, 95 % CI 0.59–1.10) and a significant increased

risk of distal colon cancer (total n-3 PUFAs: RR 1.26,

95 % CI 1.06–1.50; marine PUFAs: RR 1.38, 95 % CI

1.11–1.71). Furthermore, marine PUFAs intake accessed

longer before diagnosis was associated 21 % reduced risk

of CRC (RR 0.79, 95 % CI 0.63–1.00).

Conclusion Overall, this meta-analysis finds no relation

between n-3 PUFAs intake and risk of CRC. The observed

subsite heterogeneity within colon cancer and the possible

effect modification by latency time merit further studies.

Keywords Fatty acids � Colorectal cancer � Colon

cancer � Meta-analysis

Introduction

Colorectal cancer (CRC) is the third common cancer in

males and the second in females [1]. Diet and lifestyle

factors play an important role in the etiology of CRC, and a

large proportion of CRC incidence might be prevented by a

healthy lifestyle [2, 3]. However, a limited number of

dietary factors have been identified to prevent CRC.

N-3 polyunsaturated fatty acids (PUFAs) are of partic-

ular interest given that emerging laboratory evidence

shows their anti-inflammatory and anticarcinogenic effects.
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In addition, cumulative epidemiologic evidence supports

beneficial effects of fish, a major dietary source of n-3

PUFAs, on CRC prevention [4, 5]. Animal [6] and pro-

spective epidemiologic studies [7], together with clinical

trials [8, 9], suggest that n-3 PUFAs decrease release of

inflammatory biomarkers in rat and in human. Cancer-

related inflammation is widely accepted to promote tumor

growth and progression through induction of gene muta-

tions, inhibition of apoptosis, and stimulation of angio-

genesis and cell proliferation [10, 11]. Thus, intake of n-3

PUFAs is biologically plausible to reduce CRC incidence.

Other proposed mechanisms whereby n-3 PUFAs may

prevent CRC have been well documented in the review by

Larsson et al. [12], including impacts on transcription

factor activity, gene expression, signal transduction, pro-

duction of free radicals and reactive oxygen species, and

insulin sensitivity, etc.

Despite the above-mentioned evidence, prospective

studies investigating the association of n-3 PUFAs intake

with risk of CRC have yielded inconsistent findings. Two

meta-analyses [5] have been conducted to clarify the

relation, with the more recent one [13] which included only

seven cohorts suggesting possible sex differences, with a

borderline significant inverse association in men (RR 0.87).

However, seven other prospective studies were not avail-

able or missed at that time. In an attempt to further eluci-

date the relationship between n-3 PUFAs intake and risk of

CRC, a meta-analysis of prospective studies was carried

out.

Materials and methods

Literature search

We performed a literature search through 10 October 2014

on PubMed database using the search strategy reported in

Supplementary figure 1, which involved cancer of colo-

rectum and its subsite, n-3 PUFAs and corresponding

subtypes including a-linolenic acid (ALA), docosahexae-

noic acid (DHA), eicosapentaenoic acid (EPA) and doco-

sapentaenoic acid (DPA), as well as design of studies. The

bibliographies of retrieved publications and previous meta-

analyses were also carefully reviewed to identify further

studies.

Study selection

We considered the studies fulfilling the following criteria:

(1) prospective study design; (2) n-3 PUFAs (or subtypes)

as the exposure of interest; (3) colorectal (or colon or

rectal) cancer as the outcome of interest; and (4) consid-

eration of odds ratio (OR) or relative risk (RR) or hazard

ratio (HR) estimates with corresponding 95 % confidence

interval (CI). In cases of multiple published publications

from the same study, the one with the largest events was

included.

Data extraction

Using a standardized data-collection form, the following

data were extracted from each included study: the first

author’s last name, publication year, country of origin,

average length of follow-up, sex of participants, number of

cases and participants, levels of exposure and adjusted OR,

RR, or HR of CRC (with corresponding 95 % CI for each

category of exposure), and variables accounted for in the

statistical model. Literature search, study selection, and

data extraction were conducted independently by two

authors, with any disagreement resolved by consensus.

Statistical analysis

A DerSimonian and Laird [14] random-effects model,

which considers both within-study and between-study

variations, was assigned to calculate the summary risk

estimates. The reported ORs and HRs in the primary

studies were considered as RR approximations because the

incidence of CRC was sufficiently low for the rare disease

assumption to apply. Any results separately reported by

cancer stage [15], cancer sites [16], or by different types of

n-3 PUFAs [17] were combined with the fixed-effects

model, and the combined results were used in the primary

analysis. Given the possible sex differences [13], males and

females were treated as two independent cohort samples in

the studies that only reported sex-specific results. If both

the results for dietary and total (dietary plus supplements)

intake were reported, as in one study [18], the results for

total intake were included in the meta-analysis.

Our primary analyses considered two different types of

PUFAs, namely total n-3 PUFAs (including ALA, DHA,

EPA, and DPA) and marine PUFAs (including DHA, EPA,

and DPA). We considered the intake as total n-3 PUFAs

intake if the authors only presented intake levels but did not

provide information about which types of n-3 PUFAs were

included. For one study [19] stating that intake of n-3

PUFAs was calculated according to frequency of fish/

shellfish intake, we considered the intake as marine PUFAs

intake.

To explore potential sources of heterogeneity, we con-

ducted stratified and meta-regression analyses according to

predefined factors including: sex, geographic region,

average duration of follow-up, cancer sites within colo-

rectum/colon, and specific types of n-3 PUFAs. In addition,

we further performed sex-specific subgroup analysis to

investigate possible sex differences.
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Given that n-3 PUFAs intake in the highest and lowest

categories differed substantially between studies, we also

conducted a dose–response analysis by use of the method

proposed by Greenland and Longnecker [20] and Orsini

et al. [21]. This method requires that the number of cases

and person-years and the risk estimates with their variance

estimates for at least three quantitative exposure categories

are known. For the studies that did not provide the number

of cases and person-years in each exposure category, we

estimated these data from total number of cases and per-

son-years. For each study, the median or mean level of

intake for each category was assigned to each corre-

sponding RR estimate. When the median or mean intake

per category was not provided, we assigned the midpoint of

the upper and lower boundaries in each category as average

intake. If the highest or lowest category was open-ended,

we assumed the width of the interval to be the same as in

the closest category. If the intakes were presented in den-

sities (i.e., g/1,000 kcal), as in two studies [15, 22], we

recalculated the intakes to absolute intakes using the mean

or median energy intake.

To characterize the shape of the association, we also

examined a potential linear/nonlinear relationship between

n-3 fatty acids and CRC by modeling exposure levels using

restricted cubic splines with three knots at percentiles 10,

50, and 90 % of the distribution [23]. The p value for

nonlinearity was calculated by testing the null hypothesis

that the coefficient of the second spline is equal to zero.

Heterogeneity test was performed using Q and I2 sta-

tistics [24]. For the Q statistic, p \ 0.1 was considered as

statistically significant, and for the I2, a value of [50 %

was considered severe heterogeneity. Potential publication

bias was investigated using Egger’s regression asymmetry

test [25]. All statistical analyses were performed using

STATA software, version 11.0 (STATA Corp., College

Station, TX, USA). All p values were two-sided, and the

level of significance was at\0.05, unless explicitly stated.

Results

Study characteristics

A flow chart of study screening and selection process is

reported in Fig. 1. In sum, a total of 585 citations were

identified through the primary search, and two additional

articles were found by reviewing reference lists. After

screening the titles and abstracts, 22 potentially relevant

articles were selected for full-text review, of which seven

were excluded because they did not investigate n-3 PUFAs

or CRC, or did not report RR estimates. We further

excluded two publications [26, 27] because they were

duplicate reports of other two [15, 16] with larger events.

Finally, 14 eligible prospective studies [15–19, 22, 28–34]

(results of two independent cohorts were presented in one

publication [34]) were included in the meta-analysis.

The characteristics of each study are summarized in

Supplementary Table 1. The 14 studies were published

between 1994 and 2014 and covered a total of 8,775 cancer

cases and 731,555 participants. These studies were from

the USA (n = 7), Japan (n = 2), the UK (n = 1), Finland

(n = 1), Sweden (n = 1), China (n = 1), and Singapore

(n = 1). All studies had reported multivariable-adjusted

risk estimates. The levels of n-3 PUFAs intake varied

substantially across studies.

Total n-3 fatty acids

Ten studies [15–17, 28–31, 33, 34] reported results for the

association of total n-3 PUFAs intake and risk of CRC.

The summary RR for the highest compared with lowest

intake was 0.99 (95 % CI 0.92–1.06) (Fig. 2), suggesting

that intake of total PUFAs was not associated with risk of

CRC. We observed little evidence of heterogeneity

(p = 0.34, I2 = 10.5 %) or publication bias (p for Egger’s

test = 0.61).

Fig. 1 Literature search strategy for meta-analysis
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Marine fatty acids

A total of 11 studies [15–19, 22, 29, 31, 32, 34] were

included in the meta-analysis of marine PUFAs intake and

risk of CRC. A pooled analysis of these studies yielded a

summary RR of 1.00 (95 % CI 0.93–1.07) (Fig. 3). There

was no evidence of heterogeneity (p = 0.51, I2 = 0.0 %)

or publication bias (p for Egger’s test = 0.73).

Fig. 2 Meta-analysis of total

n-3 polyunsaturated fatty acids

intake (high vs. low intake) and

risk of colorectal cancer.

M male, F female, NHS Nurses’

Health Study, HPFS Health

Professional Follow-up Study

Fig. 3 Meta-analysis of marine

n-3 polyunsaturated fatty acids

intake (high vs. low intake) and

risk of colorectal cancer.

M male, F female, NHS Nurses’

Health Study, HPFS Health

Professionals Follow-Up Study
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Subgroup and sensitivity analysis

Table 1 presents the results of the stratified analyses per-

formed to explore potential sources of heterogeneity. The

null association of total n-3 or marine PUFAs with risk of

CRC was consistently observed in most strata. However,

some evidence of subsite heterogeneity within colon cancer

was found (p for interaction \0.05). There was a trend

Table 1 Results of subgroup

analysis stratified by study

characteristics and type of n-3

fatty acids

a p value for heterogeneity
b p value for effect modification

by study characteristics
c p value for subsite

heterogeneity within colorectum

cancer
d p value for subsite

heterogeneity within colon

cancer

The bold values indicating

possible protective/adverse

effects

N-3 fatty acids Marine fatty acids

n RR (95 % CI) pa I2 (%) pb n RR (95 % CI) pa I2 (%) pb

Sex

Men 5 0.96 (0.86–1.08) 0.78 0.0 0.47 7 1.02 (0.87–1.19) 0.10 43.4 0.60

Women 7 1.02 (0.90–1.16) 0.15 34.8 9 0.98 (0.90–1.08) 0.96 0.0

Region

USA 4 1.00 (0.87–1.15) 0.07 53.5 0.64 6 0.97 (0.89–1.06) 0.47 0.0

Europe 3 0.95 (0.83–1.09) 0.39 0.0 1 0.93 (0.76–1.14) – –

Asian 3 0.98 (0.84–1.15) 0.69 0.0 4 1.10 (0.96–1.26) 0.54 0.0

Average duration (years)

[9 5 0.99 (0.92–1.07) 0.81 0.0 0.88 6 1.00 (0.90–1.12) 0.14 36.0 0.75

\9 5 0.98 (0.79–1.23) 0.06 52.0 5 0.98 (0.86–1.12) 0.90 0.0

Cancer sites

Colon 6 0.96 (0.83–1.12) 0.03 53.5 0.89c 7 0.98 (0.84–1.13) 0.08 40.7 0.44c

Proximal 3 0.83 (0.66–1.05) 0.17 40.3 0.02d 3 0.81 (0.59–1.10) 0.15 43.7 0.03d

Distal 3 1.26 (1.06–1.50) 0.82 0.0 3 1.38 (1.11–1.71) 0.57 0.0

Rectal 5 0.98 (0.84–1.15) 0.44 0.0 6 1.08 (0.89–1.29) 0.76 0.0

Type of fatty acids

ALA 6 1.00 (0.91–1.11) 0.59 0.0 – – – –

EPA 6 0.95 (0.86–1.06) 0.48 0.0 – – – –

DHA 7 0.98 (0.88–1.09) 0.32 13.9 – – – –

DPA 3 1.00 (0.84–1.19) 0.21 30.0 – – – –

Table 2 Results of sex-specific

subgroup analysis

a p for heterogeneity B0.10

and/or I2 C50 %

The bold values indicating

possible protective/adverse

effects

N-3 fatty acids Marine fatty acids

Men Women Men Women

n RR (95 % CI) n RR (95 % CI) n RR (95 % CI) n RR (95 % CI)

Areas

USA 2 0.95 (0.83–1.09) 3 1.04 (0.79–1.38)a 4 0.93 (0.76–1.09) 4 1.00 (0.89–1.13)

Europe 1 1.20 (0.78–1.85) 1 0.95 (0.81–1.12) 0 – 1 0.93 (0.76–1.14)

Asia 2 0.95 (0.76–1.19) 3 1.02 (0.81–1.28) 3 1.23 (1.02–1.49) 4 0.97 (0.80–1.19)

Average duration (years)

C9 3 0.97 (0.85–1.10) 4 1.01 (0.92–1.10) 4 1.02 (0.80–1.29)a 4 1.00 (0.89–1.11)

\9 2 0.97 (0.71–1.33) 3 1.05 (0.65–1.67)a 3 1.02 (0.83–1.25) 5 0.95 (0.80–1.12)

Cancer sites

Colon 2 1.00 (0.75–1.33)a 5 0.94 (0.77–1.14)a 4 1.16 (0.95–1.43) 6 0.92 (0.75–1.13)a

Rectal 2 0.93 (0.53–1.63) 4 1.04 (0.87–1.26) 2 0.85 (0.59–1.24) 4 1.15 (0.92–1.44)

Type of fatty acids

ALA 3 0.89 (0.76–1.04) 5 1.09 (0.95–1.24) – – – –

EPA 2 0.98 (0.80–1.19) 4 0.88 (0.71–1.09) – – – –

DHA 2 1.07 (0.89–1.28) 4 0.94 (0.77–1.13) – – – –

DPA 2 0.97 (0.81–1.17) 2 0.94 (0.55–1.59)a – – – –
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toward reduced risk of proximal colon cancer for subjects

with higher intake of n-3 (RR 0.83, 95 % CI 0.66–1.05)

and marine PUFAs (RR 0.81, 95 % CI 0.59–1.10); con-

versely, higher intake of total n-3 and marine PUFAs was,

respectively, associated with a 26 % (RR 1.26, 95 % CI

1.06–1.50) and 38 % (RR 1.38, 95 % CI 1.11–1.71) sig-

nificant increase in the risk of distal colon cancer.

Considering possible sex differences, we further con-

ducted subgroup analysis defined by sex (Table 2). Except

for a significant positive association between marine PU-

FAs intake and risk of CRC among Asian men (RR 1.23,

95 % CI 1.02–1.49), there was no relation observed in

other strata.

There were four studies that also investigated the asso-

ciation of marine PUFAs intake with risk of CRC by

latency time between intake and the clinical diagnosis of

CRC. By analyzing these studies, we found that marine

PUFAs intake accessed 10–13 years or longer before

diagnosis was associated 21 % reduction in the risk of CRC

(RR 0.79, 95 % CI 0.63–1.00, Fig. 4).

Dose–response analysis

One study [19] investigating marine PUFAs was not eli-

gible for this analysis because the levels of intake were not

reported. We found no evidence of a linear dose–response

association between intake of n-3 or marine PUFAs and

CRC. The summary RR for an increase in n-3 PUFAs

intake of 1,000 mg/day was 0.96 (95 % CI 0.89–1.04), and

the summary RR for an increase in marine PUFAs intake of

500 mg/day was 1.03 (95 % CI 0.97–1.11). There was no

heterogeneity among studies (p [ 0.50, I2 = 0.0 %).

There was a suggestion of a nonlinear association

between total n-3 PUFAs intake and CRC risk (p for

nonlinearity = 0.063, Fig. 5). Further analysis by sex

(Supplementary figure 2) explored that this observation

was driven by female data (p for nonlinearity = 0.037). In

women, low-to-moderate intake of total n-3 PUFAs was

associated with a weak but significant increased risk of

Fig. 4 Meta-analysis of marine

n-3 polyunsaturated fatty acids

intake (high vs. low intake) and

risk of colorectal cancer by

latency time between intake and

diagnosis of cancer. The NHS

study and the HPFS study

included three groups for the

‘‘\12 years’’ lag, and we pooled

these results with the fixed-

effect model and included the

pooled results in this analysis.

M male, F female, NHS Nurses’

Health Study, HPFS Health

Professionals Follow-Up Study

Fig. 5 Relative risk (solid line) with 95 % CI (long dashed lines) for

the relationship between total n-3 polyunsaturated fatty acids intake

and risk of colorectal cancer in a restricted cubic spline random-

effects meta-analysis
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CRC. Very high intake tended to reduce the risk, but data

points became especially few at these levels. For marine

PUFAs, there was no evidence of nonlinearity, even when

stratifying by sex (p for nonlinearity [0.20, figure not

shown).

Discussion

In this meta-analysis of prospective studies, we found no

overall association between intake of n-3 PUFAs and risk

of CRC. The results were similar for total n-3 and marine

PUFAs, and did not vary according to several predefined

study and population characteristics.

Heterogeneity emerged in the analysis of anatomical

subsite of colon cancer, both for total n-3 and for marine

PUFAs, with high intake nonsignificantly reducing risk of

proximal colon cancer and significantly increasing risk of

distal colon cancer. There was also evidence of possible

effect modification by time, with marine PUFAs intake

10–13 years or longer before clinical detection of CRC

reducing the risk. We were not able to confirm the obser-

vation of reduced risk in men reported in the recent meta-

analysis [13], and there was even an increased risk in Asian

men in our analysis.

Our findings contradicted evidence from laboratory

studies. Of note, the doses of n-3 PUFAs used in the lab-

oratory studies are much higher than human intake. Thus, it

is possible that there is a threshold for n-3 fatty acids to

protect CRC. This possibility was somewhat supported by

the results of our dose–response analysis, in which a trend

toward reduced risk was observed when intake was very

high (Fig. 5). We also observed a slightly increased risk in

women when the intake of n-3 PUFAs was relatively low

(Supplementary figure 2). We cannot explain this obser-

vation because a potentially beneficial nutrient is biologi-

cally unlikely to increase cancer risk in low levels and

decrease risk in high levels, and this result may have

occurred by chance given the multiple sub-analyses per-

formed. Of note is that long-term exposure of n-3 PUFAs

should be considered in the context of the whole dietary

pattern. Epidemiologic evidence supports the benefits of

fish, a main dietary source of n-3 PUFAs, on CRC pro-

tection. However, even if n-3 PUFAs are one of the causal

components in fish, it is also plausible that its intake as part

of a matrix of other nutrients in fish or other foods may be

essential for its benefits.

On the other hand, there was also evidence pointing to

adverse effects of n-3 PUFAs or fish intake on CRC

development. Dietary n-3 PUFAs have been reported to

promote colon cancer metastasis in rat liver [35]. Intake of

specific fish (e.g., smoked and salted fish) has been sug-

gested to increase CRC risk [36], possibly due to N-nitroso

compounds (NOCs) produced during preparations [36, 37].

This might in part explain the increased risk for men in

Asian (Table 2), where smoked and salted fish are com-

monly consumed.

Our finding of the subsite heterogeneity within colon

cancer appears biologically plausible. It has been shown

that the production of short-chain PUFAs resulting from

fermentation reactions are higher in proximal than distal

colon [38]. In addition, the pro-mutagenic lesion O(6)-

methyldeoxyguanosine, a marker of exposure to NOCs,

was found to be lower in normal proximal than in distal

colonic DNA in patients with CRC [39]. Therefore, n-3

PUFAs may insert protection against CRC in the proximal

colon mucosa, while high NOCs may dilute or even reverse

the protection on distal colon cancer. Given the small

number of studies distinguishing between proximal and

distal colon cancer, future prospective studies are war-

ranted to confirm our results, and more laboratory data are

also needed to further explore potential mechanisms

involved.

Our finding of possible modification by time suggests

early-acting beneficial effects of marine PUFAs on CRC

development. Marine PUFAs have been experimentally

suggested to inhibit initiation of colon cancer in mice [40]

and epidemiologically found to be associated with reduced

risk of colorectal adenoma [41–43]. All together, these

observations indicate that the benefits of n-3 PUFAs might

be restricted to the early stage of CRC.

This meta-analysis presents several strengths. The pro-

spective design of original studies eliminated the possi-

bility of recall and selection biases. The large number of

cases involved enhanced the statistical power. Conducting

various analyses enabled us to comprehensively understand

the association of n-3 PUFAs (and their subtypes) and risk

of CRC (and its subsite), and to better characterize the

shape of the association.

Several limitations also merit consideration. First, as a

meta-analysis of observational studies, problems with

confounding factors that could be inherent in the selected

studies were not addressed. Second, nondifferential mis-

classification of exposure may have occurred because most

original studies only made a single assessment of diet

intake with food frequency questionnaires at baseline,

leading to an attenuation of the association. Third, given

the multiple stratified analyses performed, some significant

findings may have occurred by chance and, therefore,

should be interpreted with caution. Fourth, publication bias

resulting from a tendency to publish only positive results is

also a consideration. However, little evidence of such bias

was found.

In summary, findings from this meta-analysis of pro-

spective studies suggest no overall association between n-3

PUFAs intake and risk of CRC. However, our results
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suggest that the benefits of n-3 PUFAs on CRC might differ

by subsite within colon cancer, and be restricted to initia-

tion or early stage of CRC. Future prospective studies are

needed to confirm these observations.
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