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Purpose
We aimed to assess the association between the dietary intake of fish-derived omega-3
polyunsaturated fatty acids and the risk of colorectal cancer among Swedish women.

Materials and Methods

A total of 48,233 women with information on dietary intake were included in the analysis.
Participants were followed for incident colorectal cancer until 31 December 2012. Cox pro-
portional hazard models were used to assess the association between baseline fatty acid
intake and colorectal cancer risk. All analyses were stratified by colon and rectal cancers.

Results

During a median of 21.3 years of follow-up, a total of 344 colorectal cancer cases were
ascertained. Although there was no overall association between omega-3 fatty acid intake
and colorectal cancer risk, high intake of fish-derived docosahexaenoic acid was associated
with reduced risk of rectal cancer (hazard ratios for the third and the highest quartiles were
0.59 (95% confidence interval [Cl], 0.37 to 0.96) and 0.62 (95% Cl, 0.39 to 0.98), respec-
tively).

Conclusion
In conclusion, we found only limited support for an association between omega-3 polyun-
saturated fatty acids and colorectal cancer in a large Swedish cohort of middle-aged women.
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Introduction

Despite the anticarcinogenic effects of omega (n)-3 fatty
acids, especially long-chain polyunsaturated fatty acids
(PUFASs), demonstrated in animal studies [1], epidemiologi-
cal studies have not shown consistent results to support their
protective effect on cancers. Meta-analyses of prospective
studies show no overall association between n-3 fatty acid
intake and colorectal cancer [2,3] and marginally significant
inverse association between fish intake, which is the most
important dietary source of n-3 fatty acids, and colorectal
cancer risk [3,4]. However, it is noteworthy that the protec-
tive effect of marine n-3 PUFAs is more prominent when the
study population is followed for longer periods [4]. Although
not significant, a nonlinear inverse dose-response association
was observed at up to 1 g/day of murine n-3 PUFA intake
[2,3]. In addition, the association differs by sex and anatom-
ical subsites of colorectal cancer [5].

One previous study from the Swedish Mammography
Cohort, which used similar methods to measure dietary fatty
acids, showed no association between fatty acid intake and
colorectal cancer risk during up to 11 years of follow-up [6].
Here, we utilized the Swedish Women's Lifestyle and Health
(WLH) cohort, which consisted of women aged 29-49 and fol-
lowed for more than 20 years, to clarify the potential benefi-
cial effect of n-3 PUFAs on colorectal cancer risk. The pri-
mary study objective was to examine the association between
the dietary intake of fish-derived n-3 PUFAs (eicosapen-
taenoic acid and docosahexaenoic acid [DHA]) and the risk
of colorectal cancer in the WLH cohort. Additionally, we also
included total n-3 and n-6 fatty acid intake. Possible differ-
ences in the association by colorectal cancer subsites were
addressed.

Materials and Methods

1. Study population

The study population included participants in the Swedish
WLH cohort (https://ki.se/en/meb/womens-lifestyle-and-
health) that answered the baseline (1991-1992) questionnaire
[7].

Among 49,258 participants, those who were diagnosed
with colorectal cancer before enrollment (n=15), who emi-
grated without reimmigration (n=34), and who were outside
the 1st and 99th percentiles of energy intake (n=986) were
excluded. Finally, 48,233 participants were included in the
analysis.

Dietary habits were collected through a validated food-fre-
quency questionnaire (FFQ) that covered 80 food items and
beverages. The detailed method used to estimate the dietary
intake of n-3/n-6 fatty acids and total calories was described
in a previous study [8]. Information on demographic and
lifestyle factors, weight, and height was also collected from
a self-administered questionnaire [7].

Colorectal cancer incidence was ascertained from the
Swedish Cancer Register by using the International Classifi-
cation of Diseases, 9th revision (ICD-9) codes 153 and 154.

The dietary intake of n-3/n-6 fatty acids was categorized
into quartiles (lowest 25%, 25-50%, 50-75%, and highest 25%).
Potential confounders were selected based on a previous
study [9]. Potential confounders were categorized as follows,
as in previous publications describing this cohort [9,10]: body
mass index (kg/m?; < 25, 25-30, > 30, or missing), education
(years; < 10, 11-13, or > 13), smoking history (never or ever),
and alcohol intake (g/day; < 5, 5-25, = 25). Due to the rela-
tively high percentage of missing data, the intake frequency
of meat (n=13,088) and sausage (n=19,030) were not consid-
ered in the multivariate analysis. Although physical activity
is an important protective factor for colorectal cancer, the
questionnaire item for physical activity only addressed sub-
jective activity level rather than frequency or intensity; there-
fore, we did not include this variable as a confounder.

2. Statistical analysis

Cox proportional hazard regression models were fitted to
the data with attained age as the time scale [11]. Participants
were censored when any of the following events occurred
after entry into the cohort: colorectal cancer, death, emigra-
tion or 31 December 2012. The hazard ratios (HRs) of cancer
were estimated by calculating the HRs from the Cox regres-
sion models. We calculated the HR of colorectal cancer for
each of the three quantiles of exposure to n-3/n-6 fatty acids
by using the lowest quartile as a reference and intake level
as a continuous variable. Energy adjustment was performed
by the residual method. The p-trend was estimated by using
the order of the quartile groups. The proportional hazards
assumption was checked by graphs of scaled Schoenfeldt
residuals versus time. The analyses for colon cancer and rec-
tal cancer were conducted separately.

All tests of statistical hypotheses were done on the 2-sided
5% level of significance corresponding to the use of two-
sided 95% confidence intervals (CIs). No adjustment for mul-
tiple statistical tests was performed.

3. Ethical statement

All participants provided an informed consent to partici-
pate in the study and the study was approved by the Regio-
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Table 1. Characteristics of study population by omega-3 intake quartile at baseline

Characteristic

No. of participants
Age at enrollment (yr)
Body mass index (kg/m?
<25
25-29
=30
Missing
Education (yr)
<10
11-13
>13
Missing
Smoking
Never
Ever
Missing
Alcohol intake (g/day)
<5
5-25
>25
Energy intake (kcal/day)
Colorectal cancer cases
Follow-up (yr)
Cumulative follow-up (yr)

Entire
cohort

participants

48,223
39.745.7

33,639 (69.8)
10,098 (20.9)
2,675 (5.5)
1,811 (3.8)

14,129 (29.3)

18,513 (38.4)

14,639 (30.4)
942 (2.0)

19,525 (40.5)
28,550 (59.2)
148 (0.3)

36,192 (75.1)
11,822 (24.5)
209 (0.4)
1,555+452
334
21.1+0.7

1,018,700.7

Energy-adjusted omega-3 intake quartile (g/day)

Quartile 1

(lowest
25%)

0.12 to < 1.08

12,056
38.245.7

8,391 (69.6)
2,484 (20.6)
677 (5.6)
504 (4.2)

3,111 (25.8)

4,843 (40.2)

3,901 (32.4)
201 (1.7)

5,001 (41.5)
7,019 (58.2)
36 (0.3)

9,116 (75.6)
2,852 (23.7)
88(0.7)
1,738+462
60
21.140.6
254,665.6

Quartile 2
(25th to 50th
percentile)
1.08 to < 1.29

12,055
39.0£5.7

8,611 (71.4)
2,393 (19.9)
649 (5.4)
402 3.3)

3,200 (26.5)

4,805 (39.9)

3,831 (31.8)
219 (1.8)

5,018 (41.6)
7,013 (58.2)
24(0.2)

8,969 (74.4)
3,029 (25.1)
57 (0.5)
1,666+416
90
21.1£0.7
254,589.0

Quartile 3 Quartile 4
(50th to 75th (highest
percentile) 25%)
1.29 to < 1.57 1.57-22.66
12,056 12,056
40.145.7 41.445.5
8,521 (70.7) 8,116 (67.3)
2,525 (20.9) 2,696 (22.4)
610 (5.1) 739 (6.1)
400 (3.3) 505 (4.2)
3,575 (29.7) 4,243 (35.2)
4,552 (37.8) 4,313 (35.8)
3,693 (30.6) 3,214 (26.7)
236 (2.0) 286 (2.4)
5,061 (42.0) 4,445 (36.9)
6,963 (57.8) 7,555 (62.7)
32(0.3) 56 (0.5)
9,060 (75.1) 9,047 (75.0)
2,956 (24.5) 2,985 (24.8)
40 (0.3) 24(0.2)
1,538+390 1,280+396
84 100
21.1+£0.6 21.1+£0.8
254,826.5 254,619.6

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Values are presented as meantstandard deviation or number (%). p-values were calculated by chi-square test for categorical
variables and ANOVA for continuous variables.

Table 2. Quartile distribution of omega-3 and -6 fatty acid of study population (g/day)

Quartile 1
(lowest
25%)

Quartile 2
(25th to 50th
percentile)

Quartile 3
(50th to 75th
percentile)

Quartile 4
(highest
25%)

Omega-3 fatty acid
Alpha-linolenic acid
Docosapentaenoic acid
Fish oil-derived omega-3
Eicosapentaenoic acid
Docosahexaenoic acid

Omega-6 fatty acid
Linoleic acid
Arachidonic acid

0.12to < 1.08
0.12 to < 0.84
0to<0.02
0to<0.12
0to <0.03
0to < 0.09
0.55 to <4.32
0.55 to < 4.23
0 to < 0.05

1.08 to < 1.29
0.84 to < 0.98
0.02 to < 0.03
0.12 to < 0.22
0.03 to < 0.07
0.09 to < 0.16
432to0<4.86
423 to<4.77
0.05 to < 0.08

1.29to < 1.57
098to<1.16
0.03 to < 0.05
0.22 to < 0.39
0.07 to < 0.13
0.16 to < 0.27
4.86 to < 5.45
4.77 to < 5.34
0.08 to < 0.12

1.57 to 22.66
1.16 to 4.47
0.05t0 1.34
0.39 to 18.32
0.13t0 9.19
0.27 to 11.28
5.45t0 13.95
5.34 to 13.95
0.12 to 1.49
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nal Ethics Committee in Uppsala and the Regional Ethics
Committee at Karolinska Institutet, Stockholm (Dnr: 210-93,
1993; Dnr: 02-541, 2002).

Results

During a median of 21.3 years of follow-up, a total of 334
colorectal cancer cases were ascertained. Among them, 201
were colon cancer and 133 were rectal cancer. When the par-
ticipants were categorized by total n-3 intake levels, the four
groups showed differences in the distribution of age at
enrollment, body mass index, smoking habits, alcohol intake
amount, and total energy intake (Table 1). The quartile cate-
gories of n-3 and n-6 fatty acid intake are provided in Table 2.
Fish-derived n-3 contributed to approximately 17% of the
total n-3 fatty acid intake.

Table 3 shows the association between n-3/n-6 intake and
colorectal cancer risk. There were no statistically significant
associations between n-3 fatty acid intake and colorectal can-
cer risk. However, a high intake of n-6 fatty acids, especially
linoleic acid, showed an increased risk for colorectal cancer
(HR for the highest quartile, 1.40 [95% CI, 1.02 to 1.92];
p-trend=0.038). Stratified by anatomical subsites, the statis-
tically significant association persisted only for rectal cancer.
In addition, a high intake of fish-derived DHA intake was
associated with a reduced risk of rectal cancer (HR for the
third and highest quartiles compared to the lowest quantile,
0.59 [95% CI, 0.37 to 0.96] and 0.62 [95% CIL, 0.39 to 0.98],
respectively). All the models fit the proportional hazard
assumption.

Discussion

In a large population-based cohort, we found little support
for an association between fish-derived n-3 PUFAs and col-
orectal cancer.

Fish are the main dietary source of long-chain n-3 fatty
acids, which have been suggested to play a protective role in
colorectal cancer development. Although some studies have
demonstrated an inverse relationship between fish consump-
tion and colorectal cancer [4,12,13], others have not found a
clear association [14-16]. In line with previous meta-analyses
and pooled analyses that did not find an inverse association
between fish intake and colorectal cancer risk [17,18], a com-
prehensive review by the World Cancer Research Fund con-
cluded that the association between fish and colorectal cancer

is “limited-suggestive” [3]. In a recent study from the Euro-
pean Prospective Investigation into Cancer and Nutrition
(EPIC) cohorts, the total intakes of fish, fatty fish and lean
fish were associated with a reduced risk for colorectal cancer
[19].

Previous studies applying subgroup analysis for subsites
of colorectal cancer did not find a clear difference in the risk
by subsites, although the pooled HR of fish intake for rectal
cancer was slightly lower than the pooled HR for colon can-
cer (HR per 100 g/day increment: 0.84 [95% CI, 0.69 to 1.02]
for rectal cancer and 0.91 [95% CI, 0.80 to 1.03] for colon can-
cer) [3]. It has been suggested that subsites of colorectal can-
cer show different risk factor profiles due to differences in
embryological origins, physiological function, fecal compo-
sition, bile acid metabolism, intestinal transit time, and
metabolizing enzyme activity [20]. In our study, fish-derived
omega-3 intake was associated with a reduced risk for rectal
cancer in the highest intake group. Different susceptibilities
to fish oil intake could be explained by more fermentation
reactions in the proximal colon and higher concentrations of
N-nitroso compounds exposure markers, e.g., 6-O-methyl-
deoxyguanosine in the distal colon [2]. In addition, a recent
microbiome study suggested that supplementation with krill
oil resulted in differential effects on the microbial community
at different gut locations in mice [21].

A variety of experimental studies and different clinical tri-
als have substantiated the beneficial role of omega-3 PUFAs
in preventing the pathogenesis of colorectal cancers [1].
Antineoplastic activity has been related to the regulatory
effects exhibited by omega-3 PUFAs on cell proliferation and
apoptosis [22]. Antiangiogenic and antimetastatic effects
have also been reported for these fatty acids [22]. Other sug-
gested mechanisms include the suppression of arachidonic
acid-derived eicosanoid biosynthesis, which is related to
altered immune response to cancer cells and inflammation,
alteration of estrogen metabolism, and altering the produc-
tion of free radicals and reactive oxygen species [1]. Finally,
it has been suggested that omega-3 PUFAs may act as adju-
vant therapeutic agents that sensitize tumors, including
colon cancer, to different antineoplastic drugs [23,24].

High intake of linoleic acid showed an increased risk for
colorectal cancer in the current study. Although animal mod-
els suggest that n-6 fatty acids promote colorectal cancer [1],
epidemiological evidence has not shown a conclusive asso-
ciation [1,5]. Therefore, the potential elevated risk of colorec-
tal cancer among individuals with a high intake of n-6 fatty
acids needs to be further elucidated in other prospective
studies.

The major strengths of our study include the completeness
of the follow-up in a large population-based sample and the
relatively longer follow-up periods than other prospective
studies, which allows us to assess the long-term effect of diet

VOLUME 52 NUMBER 3JULY 2020 851



‘sdnoi3
amuenb ayy jo 1ap10 8y} Sutsn £q pajewnysa sem puam-d,. “poyiawr [enprsar ayy £q pajsnipe sem ejul dLIO[Ed [e10], (ST < ‘GZ-G ‘S > ‘Aep /3) aejur [oyjodTe pue
‘(19A3 10 I9A3U) meE Gunjous (C1<I0°CI-11 01> wwpmmb uornednpa \AwEmm_E 10 ‘0g < 0g-Gg ‘ez > ;w \wvu Xopur ssewr Apoq 103 pajsnipe a1e (SYH) sorjer piezey

Cancer Res Treat. 2020;52(3):848-854

(18474070 €£°0 8TF°0 (6C'1-6%°0) 640 (€5°1-65°0) G6°0 (9%'1-65°0) 68°0 CRIVEREIEN | pe druopnpery
(€S T-1I'T) 0€°T G000 (6S°€-STT) 11T (91°€-90'T) €8°1 (9£T-06°0) £S'T OUIIY pioe dd[oury
(TS1-01'T) 6T°T 900°0 (Tee-L1T)86'T (10°€-€0°'T) £4°T (TF'T-6£0) 8T 90UBIDJY proe Aj3ej 9-eSawQ
(SST-H€0) €£°0 Geoo (86°0-6€0) 790 (96°0-££°0) 65°0 (STT-#%0) 140 d0UdIJY PO JTOUREX3ES000(]
(60TTT0) 990 2900 (IT'T-€7°0) 69°0 (00°T-£€°0) 09°0 (E7'T1-95°0) 68°0 S0URIJY poe drousejuadesodrg
(F€1-15°0) €8°0 0S0°0 (80°'1-2¥°0) £9°0 (€0°'1-8€°0) 290 (0¥'1-65°0) 88°0 OUIIY €-239WO0 PIALIOP-TIO YSI]
(€9°€€-10°0) S9°0 7690 (85°1-19°0) 260 (FT°T-0%'0) 89°0 ($5°1-85°0) 760 S0UDIJY ppoe drousejuadesodoq
(€6TT0T) €L'T G200 (99'-86'0) 19°T (69°T-86'0) T9°1 (T6'1-€9°0) OT'T OUIIAY poe drusjour]-eydry
(F€1-18°0) 70'T 6850 (Tre¥L0) T (0€T-08°0) 9¢°T (8%'T-S8°0) 97’1 90U proe Aj3ej g-eSawQ
wnjdd
(0€1-10°0) €T°0 1620 (LT'T-%S°0) 6470 (LT1-%5°0) 6£°0 (0T'1-65°0) 18°0 0UBIDY pe druopnpery
(61°1-88°0) €0'T 8040 (29'1-€£°0) 80°T (€£1-84°0)9T'T (TL1-8£°0)9T'T OUINY pioe dd[oury
(81°1-88°0) 20'T €780 (2T9'1-€£°0) 60°T (T9°1-€£°0) 80°T (9£1-08°0) 6T°T 0UBIDY proe Ay3ej 9-eSawQ
(8V'1-£¥0) €8°0 187°0 (8£°1-080) 61°T (0S°T-79°0) 86°0 (89°T-2£0) OT'T d0UdIJY PO JIOUREX3ES000(]
(T6'1-5£0) T80 809°0 (297-9£0) IT'T (8T'T-16°0) 240 (S€°T-65°0) 68°0 S0UDIJY ppe drousejuadesodorg
(0€1-€9°0) 160 $S€°0 (L8'1-¥8°0) ST'T (1S'1-%9°0) 860 (TL1¥9L0) €T'T OUIIY €-239WO0 PIALIOP-TIO YSI]
(S€'9-%000) 9T°0 04%0 (0%'1-%9°0) 60 (9T°T-05°0) 940 (£8°T-2£0)90°T S0UDIJY poe drousejuadesodoq
(69'1-%9°0) ¥0'T £€8°0 (1¥'1-69°0) 96°0 (S9°1-££0) €T'T (6T°1-£570) 98°0 OUIIY poe drusjour]-eydry
(TT1-€£0) 760 LSL0 (84£'1-64°0) 8T'T (86°'1-£9°0) €0°T (T0'T-88°0) €€°T 0UBIDY proe Aj3ey ¢-eSawQ
ﬁo—oU
(8%'1-50°0) 820 191°0 (£0'1-85°0) 6£°0 (ST'1-€9°0) S8°0 (¥1°'1-29°0) #8°0 90U pe druopnpery
(LT10) ¥1'T 8¢0°0 (T6'1-20'T) 07’1 (88°'1-66°0) LE'T (££1-€6'0) 8T'T dUIY pioe dd[oury
(9T1-10T) €T'T 950°0 (£81-00'T) ££°T (84£'1-%6°0) 0€'T (T£1-06'0) STT 0UBIDJY proe Aj3ej 9-eSawQ
(STT-050) 640 €70 (TT1-£90) 160 (60°T-85°0) 6470 (#T1-990) 160 d0UdIJY PO JIOUREX3ES000(]
(0S'T-8£0) 940 9¢%°0 (¥2°1-690) T6'0 (96°0-05°0) 040 (TT1-69°0) 68°0 S0UDIJY poe drousejuadesodrg
(L1°'1-69°0) 88°0 909°0 (T€1-2L°0) £60 (TI'1-6570) 18°0 (8¢1-€£°0) T0'T OUIIY €-239WO0 PIALIOP-TIO YSI]
(TF'$-200) 620 0TF 0 (6TT-1£0) 960 (10°T-€5°0) €40 (8€°T-6£0) 20°T S0UDIJY ppoe drousejuadesodoq
(98'1-06°0) 0€'T [48X0) (6S'1-98°0) ZT'T (8£1-66°0) 6T'1 (0€1-£9°0) ¥6°0 OUINAY poe drusjour]-eydry
(6T°'1-28°0) 660 8660 (£9'1-88°0) IT'T (19°1-€8°0) ST'T (16'1-66°0) 8€'T 0UBIDJY proe Aj3ej g-eSawQ
ESuuwuo—oU

jusawraIduI

Kep/3 1 ue
d yH

(C75°14
159YyS1y)
¥ o[11enQ

(emuadrad
YISz 03 §309)
€ 9[rend

(ernuadrad
305 03 Y357)
7 ?[mrenQ

(%S¢
3SaMoO)

I 3[31enQ

p1oe Lj3ey
pajeinjesunAjod
joad£y,

S[9A3] AEIUT POk A}1eJ 9- pue ¢-e3auro Aq NSTI I90UED [2}0910[0D JOJ S[EAIDIUT DUSPIJUOD %G PUe SOTjel prezel] pajsnlpy ¢ d[qe],

852 CANCER RESEARCH AND TREATMENT



Aesun Shin, Fatty Acid Intake and Colorectal Cancer

on cancer risk. However, the limitations of the current study
include a lack of detailed information on fish cooking meth-
ods, fish oil supplementation use, and oils used for cooking
and a lack of repeated measures of exposure, which could
have resulted in residual confounding. Although informa-
tion on the frequency of fish oil supplements and fried fish
consumption was available, these variables could not be
included as potential confounding variables due to the high
proportion of missing data. Additionally, important protec-
tive factors, such as anti-inflammatory drug use and physical
activity, could not be considered.

We cannot rule out that our results were due to chance
alone. We observed two statistically significant results in our
primary analyses consisting of 27 statistical tests; 1.35 could
be expected by chance alone. The intake levels of fatty acids
were approximately 50% of the Swedish national data from
the National Food Administration [25]. These differences
could result from the different dietary assessment methods,
e.g., an FFQ was used for our study, whereas a dietary record
was used for the national data. However, the underestima-
tion of the intake levels is more likely to be nondifferential
and therefore less likely to affect the results of the current
study. In addition, the intake levels of our study are compa-

rable with those of other Swedish studies [26] and the EPIC
study [19], which used an FFQ for dietary assessment.

In conclusion, we did not find strong evidence that a high
intake of fish-derived long-chain PUFAs may reduce the risk
of colorectal cancer among Swedish women, although a mar-
ginally significant reduced risk for rectal cancer was obser-
ved.
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