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Background Review Paper on Total Fat,
Fatty Acid Intake and Cancers
Mariette Gerber
Expert French Agency for Food Safety and Security, French Nutrition Sty, Pdt, Montpellier, France

This background document was commissioned by the
Food and Agriculture Organization (FAO) and the World
Health Organization (WHO).
In 1993, an expert consultation meeting organized by
the FAO and the WHO was held in Rome. During this
consultation, the requirements for fats and fatty acids
(FA) were reviewed and discussed at length. The report
of this consultation was published in 1994 by the FAO
[FAO/WHO, 1994].
In this report, the chapter on cancer was rather brief,
covering generalities and only 2 specific cancers: breast
and colon. The concluding remarks reflected the difficulties in resolving contradictions between animal and human studies, between the results of ecological and analytical epidemiology, and the absence of data on specific
FA. The experts noticed the relationship between cancers
and obesity, and drew attention to energy balance and the
necessity of appropriate physical exercise.
Since 1994, results from several different types of studies (case-control and prospective studies based on questionnaires or nutritional markers, and intervention trials) have been reported. Design and methodology has improved, especially food composition tables, which allowed
the gathering of data on specific FA. Several working
groups prepared reports in France [CNERNA-CNRS,
1996; AFSSA, 2003], the United Kingdom [COMA, 1998]
and an international group [WCFR/AICR, 1997, 2007].
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This report has benefited from these advances, and aims
to present new evidence with a potential impact upon dietary recommendations.
In this background review paper, colorectal, prostate,
breast, endometrial and ovary cancers will be covered
successively, and the effect of total fat will be evaluated
for each. The effect of specific FA (saturated, monounsaturated, n–6 and n–3 polyunsaturated, trans FA) will
be evaluated on colorectal, prostate and breast cancer. In
the latter, the effects of combined inadequate intakes of
n–6 and n–3 polyunsaturated FA and of polyunsaturated
FA and antioxidants have been shown in some studies,
and will also be discussed.

Method

The WCRF/AICR database was updated with studies
published after 2006, although some older studies were
later included. When the recent studies contradicted the
WCRF/AICR conclusions, a re-evaluation of the systematic literature review in the WCRF/AICR report was
judged necessary. As specific FA were not covered by the
WCRF/AICR report, because none of them was found to
have sufficient evidence to indicate a probable or convincing relationship to any form of cancer, the French
Food Safety Agency (AFSSA) report in 2003 provided the
baseline data. The final additions to the database were
online reports obtained in August 2008.
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Introduction

Colorectal Cancer

Colorectal cancer (CRC) is the third most common
cancer in the world, with around 1 million cases. The incidence is greatest in high-income countries, but is rising
with industrialization and urbanization in emergent
countries and even in low-income countries. Food and
nutrition have an important relationship with income,
industrialization and urbanization, and may form the basis of a preventative strategy. Since body fatness and abdominal fatness increase CRC risk [WCRF/AICR, 2007],
fat intake was among the first factors investigated in epidemiological studies, after fiber intake.
Total Fat
The epidemiological studies reviewed by WCRF/AICR
[2007] showed inconsistent results (with a positive association more often found in case-control studies than in
cohorts, which was most of the time negated after energy
adjustment) and no association in the Women Health
Initiative’s (WHI) randomized controlled trial [Prentice
et al., 2006]. Therefore, the report did not comment upon
total fat intake, but formed conclusions based on limited
Total Fat, Fatty Acids Intake and Cancers

but suggestive evidence of the relationship between CRC
and animal fat.
Since the report, 4 case-control studies and 2 cohorts
have reported on total fat and CRC (table 1A, B). The 2
Japanese case-control studies showed no association
[Wakai et al., 2006; Kimura et al., 2007], the Scottish one
[Theodoratou et al., 2007] showed a positive association
of total fat with CRC that disappeared after energy adjustment, and the Canadian one [Hu et al., 2007] reported a positive association, but the questionnaire used was
insufficient (70 items) and the adjustment was for total
energy (not residual method). None of the 2 cohorts [Oba
et al., 2006; Weijenberg et al., 2007] showed an association. A recent cohort study analyzed the relationship to
CRC not by individual nutrients, but by dietary patterns
[Flood et al., 2008]. However, it is relevant to our task,
since a low-fat food pattern was individualized. Among
the participants (492,382) from the National Institutes of
Health’s AARP Diet and Health Study cohort, 2,151 cases were ascertained in men and 959 in women. A low-fat
diet was associated with a decreased risk of CRC (relative
risk: 0.82, 95% CI: 0.72–0.94, p for trend: 0.001 in men;
relative risk: 0.87, 95% CI: 0.71–1.07, p for trend: 0.06 in
women).
With regard to biological plausibility and mechanisms, a hypothesis for a specific risk related to lipids was
proposed based on experimental work: lipids increase the
secretion of bile acids in the colon that can be metabolized by bacterial flora to mutagenic deoxycholic acids, as
shown in rodents. Another indication is the participation
of lipids in the excess of energy intake [Tang et al., 1996]
shown in the seminal experiments on caloric restriction
[Tannenbaum, 1942]. The strong correlation between energy and total fat intake in high-income countries, where
most of the studies have been conducted [Astorg et al.,
2004], explains the disappearance of the association between total fat and CRC after adjustment for energy. That
means that fat cannot be considered as a risk factor for
CRC beyond its contribution to energy intake, which is
likely to be high in Western countries. Reciprocally, in a
country where energy is more strongly correlated with
carbohydrates, relative risk is !1 for lipids and 11 for carbohydrates, as shown (although non-significantly) in
Wakai et al. [2006] and Kimura et al. [2007].
If total fat intake has an impact upon CRC risk, it is in
proportion to its contribution to caloric intake and/or to
energy-dense food pattern. The WCRF [2007] recognizes
that there is limited but suggestive evidence that foods
containing animal fat increase CRC risk.
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Criteria of validity have been applied to the new studies covered here, such as sample size, ascertainment of
disease diagnosis, quality of exposure assessment (questionnaire/interview characteristics, number of items,
food groups, and relevance of biological markers), quality of statistics (adjustment for confounding factors). The
exclusion of studies was always justified.
The evaluation of evidence indicating a relationship
between cancers and nutritional factors was founded on
the mosaic (or portfolio) approach to take into consideration the complexity of the relationship: phases of carcinogenesis, unavoidable residual confounding of food and
food patterns when looking at a nutrient, metabolic pathways involved (e.g. hormonal, immunological). Therefore, all types of studies were reviewed critically, with
their strengths and limitations carefully evaluated. Biological plausibility and mechanistic hypotheses were included in the assessment. Hill’s criteria [Hill, 1965] were
broadly used to qualify the causal inference. While consistency of all studies represented the optimal criteria of
judgment, the level of heterogeneity mostly had to be
evaluated as explainable (a probable or possible level of
evidence can be set) or not (insufficient criteria). Hence,
dietary FA requirements were proposed whenever criteria of judgment were sufficient.
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validated selfadministered
FFQ

FFQ by interview,
148 items

self-administered FFQ,
150 items

209 CRC,
418 population-based
controls, M/F

Kimura et al., 782 CRC,
2007
793 popuJapan
lation-based
controls, M/F

1,455 CRC,
1,455 population-based
controls, M/F

1,723 CC,
3,097 population-based
controls, M/F

Siezen et al.,
2006
The Netherlands

Theodoratou
et al.,
2007
Scotland

Hu et al.,
2007
Canada

Total fat

proximal CC
M: 1.9 (1.1–3.3)
F: 1.4 (0.8–2.4)
distal CC
M: 1.8 (1.1–2.8)
F: 2.4 (1.4–4.1)
RC
M: 1.7 (1.1–2.6)
F: 0.8 (0.5–1.3)

H (≥43.64
g/day) vs.
L (0–31.72
g/day)
0.95
(0.73–1.24)

H (22.10
g/day) vs.
L (11.39
g/day)
1.04
(0.71–1.51)

CC: 0.83
(0.57–1.20)
T: NS
RC: 0.86
(0.56–1.33)
T: NS

Saturated fatty
acids

H (≥36.16) vs.
L (0–28.72)
1.07 (0.83–1.38)

H (28.06 g/day)
vs. L (15.29 g/day)
0.88
(0.62–1.25)

CC: 0.92
(0.62–1.36)
T: NS
RC: 0.76
(0.51–1.14)
T: NS

MUFA

H (≥12.63
g/day) vs.
L (0–8.44 g/day)
1.01
(0.79–1.27)

total n–6 PUFA
H (15.23 g/day)
vs. (7.98 g/day)
0.77
(0.54–1.10)

total n–6 PUFA
CC: 0.84
(0.57–1.24)
RC: 0.97
(0.65–1.45)

Linoleic acid

H (≥1,545 mg/
day) vs.
L (0–1,128
mg/day)
0.97
(0.76–1.24)

␣-Linolenic
acid

EPA: H (≥0.442 g/day)
vs. L (0–0.167 g/day)
0.62 (0.49–0.79)
T: <0.0005
DHA: H (–0.587) vs.
L (0–0.234)
0.63 (0.51–0.83)
T: <0.0005

total n–3 PUFA
H (3.94 g/day) vs.
L (1.99 g/day)
0.74 (0.52–1.06)
T: 0.05
distal CC: 0.56
(0.34–0.92)
T: 0.02

total n–3 PUFA
CC: 0.89 (0.61–1.30)
RC: 0.85 (0.57–1.27)

n-3 LC-PUFA

proximal CC
M: 0.9 (0.5–1.4)
F: 1.1 (0.7–1.7)
distal CC
M: 0.8 (0.5–1.2)
F: 1.1 (0.7–1.7)
RC
M: 0.8 (0.6–1.2)
F: 1.1 (0.7–1.6)

0.76 (0.60–0.96)
p = 0.009
fatty fish: 0.66
(0.53–0.82)
T: <0.0005
white fish NS; limits
of quartiles not given

H (138.1 g/day) vs.
L (37.4 g/day)
0.80 (0.57–1.13)
distal CC: 0.64
(0.39–1.06)
T: 0.05

H (>1/week) vs.
L (<1/week)
0.83 (0.57–1.20)

CC: 1.10 (0.75–1.62)
T: NS
RC: 1.03 (0.70–1.51)
T: NS

Fish/seafood

proximal CC
M: 1.5 (1.0–2.2)
F: 1.4 (1.0–2.0)
distal CC
M: 1.4 (1.0–1.9)
F: 1.2 (0.8–1.7)
RC
M: 1.2 (0.9–1.6) p = 0.05 vs.
F: 1.7 (1.2–2.2)
limits of quartiles not given

n–3/n–6: H (≥0.28) vs.
L (≤0.17)
0.63 (0.49–0.80)
T: <0.0005
total trans FA: H (4.24) vs.
L (0–2.88)
1.05 (0.82-1.35)
trans MUFA H (3.24) vs.
L (0–2.21)
1.15 (0.90–1.47)

study aimed a identifying
gene polymorphism

limits of quartiles not given

Remarks

Data presented as OR with 95% CI in parentheses. H = Highest quartile; L = lowest quartile; T = trend; MUFA = monounsaturated FA; PUFA = polyunsaturated FA; LC-PUFA = long-chain PUFA; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; CC = colon cancer; CRC = colorectal cancer; RC = rectal cancer; FFQ = food frequency questionnaire; M = male; F = female.

self-administered block
dietary history
+ 70
Canadianspecific items

H (≥95.17 g/day)
vs. L (0–76.03 g/
day)
0.91 (0.70–1.18)

H (78.2 g/day) vs.
L (45.7 g/day)
0.77 (0.53–1.13)

validated FFQ, CC: 0.78
47 items
(0.54–1.13)
T: NS
RC: 0.73
(0.49–1.09)
T: NS

265 CC,
242 RC,
2,535 controls,
M/F

Wakai et al.,
2006
Japan

Exposure
measurement

Subjects
and
methods

Author
year
country

A Case-control studies

Table 1. FAs, fish and CRC risk
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500 CRC
of 21,406
subjects

Hall et al.,
2008
USA

short FFQ +
sea-food consumption;
validation;
adipose tissue;
EPA+DHA;
follow-up: 22
years

validated FFQ,
150-item
database
TRANSFAIR
H (M: 108.8 g/day;
F: 85.3 g/day) vs.
L (M: 78.0 g/day;
F: 63.0 g/day)
CC 0.96
(0.72–1.28)
RC 0.87
0.55–1.36)

M: 1.36
(0.83–2.24)
F: 0.77
(0.47–1.27)

H (M: 45.8 g/
day; F: 36.6 g/
day) vs. L
(M: 28.9 g/day;
F: 23.9 g/day)
CC 0.94
(0.69–1.27)
RC 0.74
(0.46–1.18)

M: 1.04
(0.65–1.66)
F: 0.85
(0.53–1.36)

H (M: 42.5 g/day;
F: 533.1 g/day) vs.
L (M: 28.2 g/day;
F: 22.4 g/day)
CC 0.99
(0.73–1.34)
RC 0.88
(0.56–1.37)

M: 1.25
(0.78–1.99)
F: 0.87
(0.53–1.44)

H (M: 28.0 g/
day, F 21.2 g/
day) vs. L
(M: 10.0 g/day;
F: 7.5 g/day)
CC 1.30
(0.96–1.77)
RC 1.03
(0.65–1.62)

H (M: 2.0 g/day;
F: 1.6 g/day) vs.
L (M: 0.8 g/day;
F: 0.6 g/day)
CC 1.01
(0.76–1.36)
RC 0.92
(0.58–1.44)
0.76 (0.59–0.98)
T: 0.02;
limits of quartiles not
given

M: 1.24 (0.80–1.95)
F: 0.89 (0.56–1.44)

H (≥5/week) vs.
L (<1/week)
0.63 (0.42–0.95)
T: 0.02

H (median 167 g/day)
vs. L (46 g/day)
1.28 (0.90–1.81)

RR for CC and RC similar

PUFA:
H (M: 29.3 g/day;
F: 22.5 g/day) vs.
L (M: 11.6 g/day;
F: 8.8 g/day)
CC: 1.21 (0.89–1.63)
RC: 0.82
linoleic acid (KRAS
mutated) 6.02 (2.09–17.4)

fatty fish: 1.22 (0.88–1.71)
white fish: 1.23 (0.88–1.71)
poached fish: 1.46
(1.04–2.06);
association disappeared
when excluding women
with <1 year’s follow-up

PUFA
M: 1.65 (1.00–2.74)
F: 0.77 (0.44–1.18);
limits of tertiles not given

CRC (per 100-gram
increase)
HR after correction:
0.46 (0.27–0.77)
HR before correction:
0.70 (0.57–0.87)

Remarks

Data presented as OR with 95% CI in parentheses. H = Highest quartile; L = lowest quartile; T = trend; MUFA = monounsaturated FA; PUFA = polyunsaturated FA; LC-PUFA = long-chain PUFA; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; CC = colon cancer; CRC = colorectal cancer; RC = rectal cancer; FFQ = food frequency questionnaire; M = male; F = female.

401 CC and
130 RC of
120,852
subjects;
follow-up:
7.3 years

Weijenberg
et al.,
2007
The Netherlands

Engeset et al., 254 CCR of
FFQ
2007
68,517 subjects;
Norway
follow-up:
5–8 years

self-administered validated
FFQ,
169 items

H (≥5 times a week)
vs. L (0.5)
1.08 (0.81–1.43)

H (M: 30.5 g/day,
F: 28.2 g/day) vs. L (0)
CC: 1.03 (0.76–1.40)
CR: 0.94 (0.59–1.52)

213 CC of
30,221 subjects;
follow-up:
7 years

self-administered FFQ,
67 items

self-administered FFQ,
150 items

interview and
self administered FFQ,
88–226 items

Oba et al.,
2006
Japan

Fish/seafood

619 CRC
of 61,433
subjects;
follow-up:
13.9 years

n–3 LC-PUFA

Larsson
et al.,
2005
Sweden

␣-Linolenic acid

434 CC and
154 RC of
2,948 subjects;
follow-up:
5–8 years

Linoleic acid

Lüchtenborg
et al.,
2005
The Netherlands

MUFA

H (>80 g/day) vs. L
(<10 g/day)
0.69 (0.54–0.88)
T: <0.001

Saturated fatty
acids

1,329 CRC of
478,040
subjects;
follow-up:
4.8 years

Total fat

Norat et al.,
2005
Europe
(10 countries)

Exposure
measurement
for an increase of
1/week:
CRC: 0.99 (0.91–1.08)
CC: 1.01 (0.90–1.12)
RC: 0.97 (0.84–1.12)

Subjects
and
methods

self-adminisEnglish et al., 452 CRC of
37,112 subjects; tered FFQ,
2004
121 items
follow-up:
Australia
8–12 years

Author
year
country

B Cohort studies
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n–6 FA: Linoleic Acid
There is no coverage of specific acids in the WCRF/
AICR report [2007] due to insufficient data. As noted in
the AFSSA report [2003], an absence of association has
been shown in most of the studies on the relationship between linoleic acid (LA) and CRC. The more recent casecontrol studies using questionnaires to measure exposure [Wakai et al., 2006; Kimura et al., 2007; Theodoratou
et al., 2007], as well as the cohort studies using either
questionnaires [Weijenberg et al., 2007] or blood markers
[Kojima et al., 2005; Hall et al., 2007], support the absence
of relationship.
n–3 FA: Linolenic Acid
The data reported for LA apply for linolenic acid
(ALA), with the exception of a cohort study based on serum FA measure [Kojima et al., 2005] showing a significantly decreased risk in men and a non-significant increased risk in women (table 1C).
The heterogeneity of the findings cannot be explained,
and neither biological plausibility nor experimental models support a modifying effect of ALA on CRC risk.
n–3 FA: Long-Chain Polyunsaturated FA
In all populations, the major contributor to the body
of n–3 long-chain polyunsaturated FA (LC-PUFA), eicoGerber
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0.89 (0.50–1.57)
0.86 (0.49–1.54)
total
blood FA
Hall et al.,
2007
USA

178 CRC/282 controls (males)
nested in the Physician Health
Study cohort;
follow-up: up to 13 years

M: 0.57 (0.24–1.38)
F: 1.88 (0.78–4.52)
serum FA
Kojima et al., 169 RC and 481 controls
2005
nested in the Japanese
Japan
collaborative cohort;
follow-up: 7.1 years

Data presented as RR with 95% CI in parentheses. H = Highest quartile; L = lowest quartile; PUFA = polyunsaturated FA; LC-PUFA = long-chain PUFA; DHA = docosahexaenoic acid; M = males; F = females;
CRC = colorectal cancer; RC = rectal cancer.

M without aspirin: n–3 LC-PUFA:
0.34 (0.15–0.82) T: 0.006;
M with aspirin 1.09 (0.48–2.50);
p interaction 0.04 n–6
FA when: n–3 LC-PUFA 0.47 (0.21–1.10);
no interaction with aspirin
H (med: 2.52%)
vs. L (1.42)
0.60 (0.29–1.23)
1.08 (0.61–1.91)

H (med: 3.24%) vs.
L (1.57)
0.69 (0.39–1.23)

22: 5 n–3 (DPA)
M: 0.30 (0.11–0.80) p < 0.05 vs.
F: 0.64 (0.30–1.39);
limits of quartiles not given
M: 0.44 (0.18–1.08)
F: 0.83 (0.39–1.80)
M: 1.16 (0.49–2.75)
F: 0.65 (0.30–1.44)

M: 0.39 (0.16–0.91)
p = 0.06
F: 2.19 (0.87–5.47)

M : 0.23 (0.07–0.76)
p = 0.07
F: 0.80 (0.33–1.93)

Remarks
DHA
Eicosapentaenoic
acid
␣-Linolenic acid
Arachidonic acid
Linoleic acid
Exposure
measurement
Subjects
and
methods
Author
year
country

C Cohort studies with markers

Table 1 (continued)
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Saturated and Monounsaturated FA
These FA are comparable to total fat with regard to
their association with rectal cancer, as described in table 1A and B. In a complementary study on gene-nutrient
interaction, Theodoratou et al. [2008] showed that the
subjects carrying the variant APC 1822 and consuming a
low amount of monounsaturated FA (MUFA) had a reduced risk of CRC, with a significant interaction (0.52,
95% CI: 0.30–0.92, T: 0.017, p for interaction: 0.02). However, since red meat intake presented the same interaction
but more strongly, this might be a result of residual confounding, since in a non-Mediterranean diet, meat is the
highest contributor of MUFA. Thus, the conclusion is
similar to the one given for total fat.
Several ecological studies [Stoneham et al., 2000; Siari
et al., 2002] have suggested that olive oil is associated with
a risk reduction for CRC; this has also been reported in
case-control studies [Rouillier et al., 2005; Galeone et al.,
2007]. This effect is not related to oleic acid, since this is not
observed when MUFA is provided by meat, but possibly to
the unsaponifiable components of olive oil, and/or more
likely to the Mediterranean diet accompanying olive oil
consumption (see ‘Breast Cancer’ for more information).

Total Fat, Fatty Acids Intake and Cancers

terest in cancer protection, e.g. vitamin D and selenium.
However, there is a correlation between blood levels of
n–3 LC-PUFA and fish intake [Gerber et al., 2000; Hall
et al., 2008]. In addition, since meat appears to be a convincing risk factor for CRC, replacing meat by fish might
confound the risk reduction observed for high intakes of
fish. Nevertheless, the recent studies strengthen the probability of a causal relationship between fish intake and
CRC. Moreover, 2 recent cohort studies using biological
markers suggest a favorable effect of n–3 LC-PUFA on
CRC risk. Experimental models and biological plausibility support these observations.
Thus, it can be said that fish intake probably decreases
CRC risk, and that limited data are suggestive of a causal
relationship between n–3 LC-PUFA intake and CRC risk
reduction.
Trans Fatty Acids
The WCRF/AICR [2007] panel concluded that any effects of trans FA specifically on the risk of any cancer is not
known. This conclusion does not have to be modified since
only 1 large case-control study showed a non-significant
increase in CRC risk for people with the highest intake of
trans MUFA [Theodoratou et al., 2007] (table 1A).

Prostate Cancer

Prostate cancer (PC) is the second most common cancer in men, accounting for around 12% of all new cases
of cancers in the world. Screening for prostate-specific
antigen (PSA) is in part responsible for its high reported
incidence in high-income countries. PC is generally recognized as a hormone-dependent cancer, and is known
to vary with ethnic characteristics.
Total Fat
The WCRF/AICR [2007] panel concluded that the evidence was so limited with regard to the relationship between total fat and PC that no firm conclusion could be
made. This was even truer for specific FA.
Since then, 3 case-control studies [Bidoli et al., 2005;
Hedelin et al., 2007; Liu et al., 2007], and 3 cohort studies
[Park et al., 2007; Neuhouser et al., 2007; Wallström et al.,
2007] have reported no association with total fat (table 2A,
B). Thus, the conclusion does not require modification.
Saturated FA
The studies quoted previously did not find any association between PC and saturated FA (SFA). A recent
Ann Nutr Metab 2009;55:140–161
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sapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) is seafood. Therefore, the relationship of CRC
with fish and/or seafood intake, which are the measures
used most often, is considered in this paragraph.
The WCRF/AICR report [2007] noted that there is
limited evidence that eating fish protects against CRC.
Since the report, 4 case-control studies [Wakai et al.,
2006; Siezen et al., 2006; Kimura et al., 2007; Hu et al.,
2007] have reported no association, whereas 1 report
[Theodoratou et al., 2007] has shown a risk reduction (table 1A). In the same period of time, the results of 6 cohort
studies were published [English et al., 2004; Norat et al.,
2005; Larsson et al., 2005; Lüchtenborg et al., 2005; Engeset et al., 2007; Hall et al., 2008]. Only 2 reports [Norat
et al., 2005; Hall et al., 2008] showed a significant risk reduction (table 1B). A meta-analysis, including the data
from 14 studies but not from Hall et al. [2008], showed a
borderline significant risk reduction in CRC incidence
(0.88, 95% CI: 0.78–1.00 [Geelen et al., 2007]).
With regard to n–3 LC-PUFA, it appeared that in 2007
(WCRF/AICR report), as well as in 2003 (AFSSA report),
there was not sufficient data to form any conclusions.
Two case-control studies (table 1A) [Kimura et al., 2007;
Theodoratou et al., 2007] and 2 cohort studies reported
on the relationship of n–3 LC-PUFA intake measured by
questionnaire (table 1B) [Oba et al., 2006; Hall et al.,
2008], with 2 showing a significant risk reduction [Theodoratou et al., 2007; Hall et al., 2008]. This effect is reinforced in subjects carrying the APC 1822 gene variant
[Theodoratou et al., 2008]. In addition, 2 cohort studies
[Kojima et al., 2005; Hall et al., 2007] using biomarkers of
n–3 LC-PUFA intake, showed a risk reduction in CRC in
the quartile with the highest percentage of n–3 LC-PUFA
in the blood, significant in Kojima et al. [2005], and for
the subjects not taking aspirin, with a significant interaction test [Hall et al., 2007] (table 1C). This observation
alludes to a possible mechanism of n–3 LC-PUFA.
In animal models, it has constantly been observed that
an n–3 LC-PUFA-rich diet inhibits colon tumorigenesis
compared with LA [Reddy, 1984] and with a lipid-rich
Western diet [Rao et al., 2001].
Two hypotheses support the biological plausibility of
the risk-reducing effect of n–3 LC-PUFA: (1) the anti-inflammatory effect and inhibition of COX 2 enzyme (see
‘Effects of Fat and Fatty Acid Intake on Inflammatory
and Immune Responses: A Critical Review’ by Galli and
Calder, this issue); (2) the anti-apoptotic effect shown in
animal models [Chang et al., 1998].
Fish intake is not equivalent to n–3 LC-PUFA consumption, given that fish contains other nutrients of in-
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Subjects
and
methods

408 advanced
cases,
408 hospitalbased controls

Liu et al.,
2007
USA

Subjects
and
methods

199/cases/5,620
advanced 54
follow-up
15 years

3,544 cases of
47,750
localized: 2,161
advanced: 523
fatal: 312
follow-up: 15
years

Author
year
country

Rohrmann
et al.,
2007
USA

Giovannucci et al.,
2007
USA

B Cohort studies

1,378 cases,
782 population
based controls

Hedelin
et al.,
2006
Sweden

Bidoli et al., 1,294 cases,
2005
1,451 hospitalItaly
based-controls

Author
year
country
Total fat

validated selfadministered
FFQ
131 items

FFQ focused
on meat,
poultry and fish

Exposure
measurement

FFQ

validated FFQ
261 items

Total fat

validated FFQ 1.0
78 items
(0.8–1.3)

Exposure
measurement

A Case-control studies

Table 2. FA, fish and PC risk

MUFA

SFA

LA

cis 18:2
H (≥18.73 g/day)
vs. L (<9.73 g/
day)
1.24
(0.67–2.30)

n–6 PUFA H
(1.05 g/day/MJ)
vs. L (0.66 g/day/
MJ)
1.36 (1.01–1.84)
T: 0.03

0.8 (0.6–1.0)
T: 0.02

LA

MUFA

cis 18:1
H (≥39.35 g/day)
vs. L (<18.52 g/
day)
1.49
(0.79–2.84)

0.9
1.11
(0.7–1.2) (1.03–1.20)

SFA

H (≥ 5/week) vs.
L (1/week) 0.86
(0.44–1.67);
advanced:
0.92 (0.27–3.21)
energy intake:
H (>2,458 kcal/
day) vs.
L (<1,447 kcal/
day)
1.68 (1.20–2.36)
1.70 (1.10–2.63)

Remarks

trans FA H (≥5.76 g/day) vs.
L (<2.52 g/day): 2.77 (1.60–4.79)
T: 0.0003
trans 18:1 H (≥4.98 g/day) vs.
L (<2.16 g/day): 2.95 (1.71–5.09)
T: 0.0002
trans 16:1 H (≥0.10 g/day) vs.
L (<0.03 g/day): 2.05 (1.23–3.42)
T: 0.005
trans 18:2 H (≥0.63 g/day) vs.
L (0.29 g/day): 2.84 (1.57–5.14)
T: 0.001

ratio EPA+DHA/n–6
PUFA: H (0.13) vs. L (0.03)
0.66 (0.51–0.84)

limits of the quintiles not given

Remarks

Fish/seafood

fatty fish
H (≥5/week) vs. L (never)
0.36 (0.18–0.72)
T: <0.01
white fish
H (≥1 per week) vs.
L (never)
1.45 (1.12–1.88)
T: <0.01
seafood/fish
H (≥1 per week) vs.
L (never)
1.81 (1.28–2.56)
T: <0.01

Fish/seafood

n–3 LC-PUFA

subjects with variant
Cox-2 H (≥1/week) vs.
L (never)
0.28 (0.18–0.45);
T: < 0.01)

H (0.11 g/day/MJ) vs.
L (0.03 g/day/MJ)
0.70 (0.51–0.97)
T: 0.05

n–3 LC-PUFA

H (≥1.32 g/day)
vs.
L (0.70 g/day)
1.12 (0.98–1.29)
1.57 (1.19–2.07)
1.53 (1.07–2.20)

ALA

H (0.23 g/day/MJ)
vs. L (0.12 g/day/
MJ)
1.35 (0.99–1.84)
T: 0.03

0.7 (0.6–0.9)
T: 0.003

ALA
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811/11,230
CARET
follow-up:
15 years

817/10,564
advanced: 281
follow-up:
11 years

Neuhouser
et al.,
2007
USA

Wallström
et al., 2007
Sweden

interviewbased, combined 7-day
menu book and
168-item FFQ

self-administered FFQ
110 items +
2 summary
questions +
7 adjustment
questions

validated selfadministered
FFQ
180 items

272 cases/426 controls serum
nested in CARET cophosholipids
hort follow-up 13 years

476 cases/14,916
subjects in Physician’s
Health Study cohort;
follow-up:
13 years

King et al.,
2005

Chavarro
et al.,
2007 and
2008

0.67 (0.28–1.58)
0.87 (0.48–1.57)
0.38 (0.17–0.86)
T: 0.02

108 advanced
cases

244 cases
Gleason <7

130 cases
Gleason ≥7

0.38 (0.17–0.86)
T: 0.02

0.87 (0.48–1.57)

0.67 (0.28–1.58)

0.55 (0.32–0.94)
T: 0.04

H (0.54% total FA)
vs. L (0.24 total FA)
0.62 (0.41–0.95)
T: 0.03

0.42 (0.15–1.14)
T: 0.07

0.57 (0.28–1.11)
T: 0.07

1.27 (0.49–3.29)

0.46 (0.24–0.86)
T: 0.02

0.53 (0.21–1.31)

0.64 (0.35–1.17)

0.98 (0.39–2.50)

0.53 (0.30–0.94)
T: 0.02

EPA H (0.44 g/day) vs.
L (0.03 g/day)
1.28 (1.02–1.61) T: 0.07
DHA H (0.86 g/day) vs.
L (0.12 g/day)
1.29 (1.02–1.64) T: 0.05
EPA 0.95 (0.65–1.40)
DHA 0.91 (0.61–1.37)

H (1.0.107 g/1,000 kcal vs.
L (0.014 g/1,000 kcal)
1.01 (0.91–1.13)
1.05 (0.86–1.28)

DPA H (1.19% total FA) vs.
L (0.77% total FA)
0.60 (0.38–0.93)
T: 0.01
n–3 LC-PUFA H (6.70%
total FA) vs. L (3.66% total FA)
0.59 (0.38–0.93)
T: 0.01

Remarks

H (1.4 g/day) vs.
L (2.7 g/day)
0.92 (0.73–1.15)
0.93 (0.64–1.36)

H (0.55 g/1,000
kcal) vs. L (1.07
g/1,000 kcal)
0.92 (0.84–1.02)
0.89 (0.74–1.06)
Caucasians
0.70 (0.64–0.99)
T: 0.06
Hispanics
0.83 (0.67–1.01)
T: 0.03

H (3.47% total FA)
vs. L (1.424 % total
FA)
0.60 (0.39–0.93)
T: 0.07

DHA

H (18.9 g/day) vs.
L (9 g/day)
0.98 (0.79–1.22)
0.95 (0.67–1.36)

H (≥16.5 g/day)
vs. L (<9.4 g/day)
1.19 (0.90–1.58)
+ familial risk
2.61 (1.01–6.72)
T: 0.06

H (10 g/1,000
kcal) vs.
L (5 g/1,000 kcal)
1.03 (0.93–1.14)
1.04 (0.86–1.27)
AGPI n–6

H (2.36% total FA)
vs. L (1.28 total FA)
0.57 (0.36–0.92)
T: 0.02

EPA

H med (45.1 g/day)
vs. L (34.3 g/day)
1.01 (0.80–1.29)
1.22 (0.80–1.84)

H (≥34.2 g/day) vs.
L (<19.4 g/day)
1.05 (0.75–1.45)

H (14.7% of
energy) vs.
L (9.6% of energy)
1.01 (0.91–1.12)
1.03 (0.85–1.25)

trans FA:
H (≥6.5 g/day) vs.
L (<3.3 g/day)
1.51 (0.48–4.69)

trans 18:2, in the placebo (no aspirin) arm
2.65 (1.41–4.98); T: 0.003

total trans H (2.62% total FA) vs.
L (1.27% total FA)
1.53 (1.01–2.32); T: NS

trans 18:1, H (0.55% total FA) vs.
L (0.29% total FA)
1.49 (1.00–2.22)
T: 010

trans 18:1, H (0.79% total FA) vs. L (0.31)
1.69 (1.03–2.77); T: 0.04
trans 18:2, 9 cis 12 trans: H (0.10% total
FA) vs. L (0.04% total FA)
1.79 (1.02–3.15); T: 0.04

trans FA

H (17.8 g/1,000 kcal) vs.
L (1.2 g/1,000 kcal) 1.04
(0.93–1.15)
1.01 (0.82–1.23)

Data presented as RR with 95% CI in parentheses. H = Highest quartile; L = lowest quartile; T = trend; SFA = saturated FA; CC = colon cancer; RC = rectal cancer; FFQ = food frequency questionnaire; M = male; F =
female.

0.55 (0.32–0.94)
T: 0.04

H (28.8% total FA)
vs. L (21.4% total
FA) 0.62 (0.41–0.95)
T: 0.03

ALA

H med (58.8 g/
day) vs.
L (33.1 g/day)
0.98 (0.79–1.22)
1.08 (0.74–1.57)

H (≥33.6 g/day)
vs. L (<18.3 g/
day) 0.98 (0.71–
1.35)

H (12.3% of
energy) vs.
L (5.5% of
energy)
0.94 (0.85–1.04)
0.87 (0.71–1.06)

289 confined
cases

blood

Subjects
and
methods

Author
year
country
LA

H (127.6 g/day)
vs. L (86.1
g/day)
0.99 (0.79–1.24)
1.11 (0.75–1.66)

H (≥42% of
energy/day) vs.
L (<33% of
energy/day)
1.19 (0.84–1.67)
+ familial H 1.44
(0.56–3.74)
T: 0.07

H (39.1% of
energy) vs.
L (20.5% of
energy)
0.99 (0.89–1.09)
0.90 (0.75–1.09)

Exposure
measurement

C Cohort studies with markers

multiethnic
4,404 cases of
82,483
advanced 1,278
follow-up:
8 years

Park et al.,
2007
USA

n–6 FA: Linoleic Acid
The 3 case-control studies [Bidoli et al., 2005; Hedelin
et al., 2007; Liu et al., 2007] reported conflicting results,
and 3 cohort studies [Neuhouser et al., 2007; Park et al.,
2007; Wallström et al., 2007] reported no association
(table 1A, B). There is probably no relationship between
LA and PC.

n–3 FA Long-Chain Polyunsaturated FA
In all populations, the major contributor of n–3 LCPUFA, EPA and DHA is seafood. Therefore, relationship
of PC to fish intake, which is the measure most often
used, is considered here.
A case-control study from Sweden reported a reduction in risk for the highest intake of fatty fish, but an increased risk for white fish and seafood [Hedelin et al.,
2006] (table 2A). Two cohort studies reported no association [Rohrmann et al., 2007; Park et al., 2007] (table 2B).
With regard to specific n–3 LC-PUFA, 1 case-control
study reported on the association of PC with n–3 LCPUFA, and indicated a reduced risk; the subjects carrying
a mutation in the gene COX2 were even better protected
by the intake of EPA + DHA than the subjects carrying
the most common gene [Hedelin et al., 2007]. On the contrary, the highest intake of EPA + DHA increased the risk
in the overall sample, but had no effect on the risk in advanced cases in the Malmö Diet and Cancer Cohort
[Wallström et al., 2007]. A prospective study with biomarker assessment of the exposure [Chavarro et al., 2007]
observed a significant risk reduction in all cases and localized cases of PC for a high percentage of n–3 LC-PUFA
in blood, but not for advanced PC.
Animal models showed an inhibition of prostate carcinogenesis by a n–3 LC-PUFA-enriched diet [Karmali et
al., 1987].
With regard to biological plausibility, the same mechanisms as those for CRC are proposed for PC. The results
of the study by Hedelin et al. [2007] on the COX2 gene
polymorphism are in line with the proposed Cox2 inhibition.
The evidence of a protective effect of n–3 LC-PUFA
against PC is limited, and heterogeneity of results might
be considered in the light of possible environmental fish
contaminants.

n–3 FA: Linolenic Acid
The 3 case-control studies [Bidoli et al., 2005; Hedelin
et al., 2007; Liu et al., 2007] and 5 cohort studies [Giovannucci et al., 2007; Neuhouser et al., 2007; Park et al., 2007;
Wallström et al., 2007; Chavarro et al., 2007, 2008] reported conflicting results. Neither biological plausibility
nor experimental models support a deleterious effect of
ALA. Therefore, it is likely that the risk associated with
high intake in some studies results from residual confounding. Cattle being fed with soy, rich in ALA, could
be responsible for the residual confounding; thus, confounding the limited but suggestive risk associated with
processed meat, milk and dairy products.

Trans Fatty Acids
The WCRF/AICR [2007] panel concluded that any effect of trans FA specifically on the risk of cancer is not
known. A case-control study using a questionnaire [Liu et
al., 2007] and 2 case-control studies nested in cohorts
(CARET [King et al., 2005] and Physician Health Study
[Chavarro et al., 2008]) using biomarkers for the assessment of exposure showed an increased risk of PC for the
highest exposure to trans 16: 1, 18: 1 and 18: 2 (table 2A)
[Liu et al., 2007] and 18:1 11 trans and 18:2 9 cis 12 trans
(table 2C) [King et al., 2005] and trans 18:1 and total trans
FA (table 2C) [Chavarro et al., 2008]. One cohort study did
not show any effect [Neuhouser et al., 2007] (table 2B).

Monounsaturated FA
Among the studies quoted above, 1 case-control study
[Bidoli et al., 2005] reported a modest but significant increase in risk for high intake of MUFA (table 2A). Nevertheless, the data are too limited to support any conclusion.
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study investigating the relationship between PC and
dairy products [Kurahashi et al., 2008], reported a borderline significant risk of high SFA acid intake, and a significant increased risk for high intake of myristic and
palmitic acids (table 2B). In addition, Strom et al. [2008]
reported that among 390 patients presenting with organconfined PC after prostatectomy, men who consumed
high-SFA diets were more likely to experience increasing
PSA levels (p = 0.006), the biochemical failure that signals
progression. These men had significantly shorter biochemical failure-free survival than men with low-SFA diets (26.6 vs. 44.7 months, respectively, p = 0.002). The
questionnaire was the validated Block questionnaire,
completed with specific south-western dishes (180 items).
Low SFA was characterized by 31.0% of total energy intake (TEI) as fat and 9.9% as SFA, and the high-SFA diet
by 39.6 and 14.1%, respectively. The model with energyadjusted saturated fat explained more variance in the
data and was better at predicting outcome compared to
the one with TEI. However, the data are too limited to
support any conclusion.

tation; they also encompass possible environmental factors, such as endocrine disruptors. Altogether, these lifestyle, societal and possible environmental factors participate in the high incidence of BC in high-income countries,
and in the rapidly increasing incidence in emergent and
low-income countries.

Breast cancer (BC) is the most common cancer in
women worldwide. More than 1 million cases were recorded in 2002. It is also the leading cause of death from
cancer in women, and especially in women below 65 years
of age.
Hormone metabolism is the preponderant influential
factor for BC: high estradiol either from endogenous
(high synthesis and/or altered regulation of binding proteins) or exogenous sources is the major risk factor. Inversely, all situations characterized by low estradiol synthesis are associated with a reduced risk (e.g. anovulatory
cycle, lactation). Thus, BC risk factors vary with changes
in hormonal status throughout women’s lives, before and
after menopause, pregnancy and lactation. Furthermore,
hormonal status influences the proliferation/differentiation of the mammary epithelium throughout life, and
these different epithelial states are characterized by a different vulnerability to endogenous and exogenous carcinogens.
Most of the lifestyle factors modify BC risk through
their effect on hormone metabolism as well as other factors related to industrialization and urbanization. These
factors encompass societal changes, such as women’s sexual liberation and entry into the world of work, resulting
in late ages at births, low parity and low frequency of lac-

Total Fat
The relationship of total fat with BC has been a matter
of debate for a long time. Several arguments have fueled
the discussion: (1) the inconsistency of results from casecontrol and prospective studies; (2) the statistical techniques to alleviate the confounding between energy and
fat, which are strongly correlated; (3) that body fatness,
which might be related to fat intake (see ‘The Relationship between Dietary Fat and Fatty Acid Intake and Body
Weight, Diabetes and the Metabolic Syndrome’ by Melanson et al., this issue), is probably protective in pre-menopausal (PRM) women and definately deleterious in postmenopausal women (POM).
Two hypotheses have been proposed to solve the later
paradoxical observation: one is the protective effect of
frequent anovulatory menstrual cycles in PRM women,
[WCRF/AICR, 2007]; the rationale of the other is based
on the known influence of estrogen on the expression of
the gene of lipoprotein lipase in adipose tissue. As a consequence, hyperestrogenic women are rather lean, and
hypoestrogenic ones, rather overweight; thus, obesity in
PRM women would reflect a hypoestrogenemia and a
lower risk for BC [Gerber, 1997a]. For POM women, it is
generally accepted that body fatness is a risk factor
through extragonadal estrogen synthesis. Thus, the role
of nutrition-related factors of body fatness appears less
preponderant in PRM women than in POM women,
where at-risk hormone profile levels might be modified
by nutrition [Berrino et al., 2001; Kaaks et al., 2003].
Among the nutrients, the relationship of total fat was
judged to be suggestive, but limited, by the WCRF/AICR
[2007]. However, the meta-analysis of 22 case-control
studies presented in the support resource of the systematic literature review shows a modest but significant increased risk (OR = 1.03, CI: 1.02–1.04, for an increment
of 20 g/day of total fat), and that of 7 case-control studies
showed an overall OR of 1.11 (CI: 1.03–1.06). In addition,
the WHI study [Prentice et al., 2006] showed a risk reduction for BC with a low-fat diet, which is borderline
significant (fig. 1). In addition, several pieces of evidence
seem to confirm this effect: (1) It was stronger in women
with the highest fat intake at baseline. (2) Hormone concentrations decreased in the experimental group, and
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In the study by Liu et al. [2007], this effect was modified by the RNASEL R462Q polymorphism (p interaction
!0.01). The QQ/RQ genotype is associated with the proapoptotic activity of the RNAse L, and the variant results
in a deficient activity. Among men with this genotype,
the association between total trans FA, trans 18:1, trans
18: 2 intake and PC was substantially stronger: ORs of
higher quartiles equal to 4.80 (2.29–10.08), 5.11 (2.45–
10.66) and 3.64 (1.65–8.08), respectively. In the study of
Chavarro et al. [2008], the effect is strong with a linear
dose-dependent effect in subjects of the placebo arm with
regard to trans 18:2 and absent in the aspirin-treated subjects, suggesting an interference with the COX enzymes’
pathway. These last 2 cohort studies in addition to the
case-control study strongly suggested an increased risk of
PC related to trans FA intake. The trans FA could act on
PC risk in an opposite way than that suggested for n–3
LC-PUFA in the study of Hedelin et al. [2007]. Even if
more studies are necessary, these observations, although
limited in number, are suggestive of a direction towards
a risk associated with trans FA intake.

0.05
Comparison
Intervention

Cumulative hazard

0.04

0.03

0.02

0.01

0
0

mulative hazard for invasive BC [Prentice
et al., 2006]. HR: 0.91 (95% CI: 0.83–1.01).

Events
Intervention
Comparison

were not modified in the control group. This change in
hormone concentration is observed in women treated by
anti-aromatase, and adipose tissue aromatase is believed
to be responsible for extragonadal hormone synthesis.
(3) SHBG (sex-hormone-binding globulin) decreased in
the experimental group, and was not modified in the
control group. Decreased SHBG releases free testosterone and to a lesser extent estradiol, which are risk factors
for BC. (4) Among the 17 baseline demographic variables, medical history and health behavior tested using
an unweighted proportional hazards model stratified by
age and randomization group, the test for interaction
was significant for elevated hypertension and leukocyte
count (evoking possible inflammation), both of which
are present in metabolic syndrome. The observations 2,
3 and 4 meet biological plausibility (synthesis of extragonadal estrogens) and proposed mechanisms (role of each
of the components of the metabolic syndrome in BC
risk). However, weight loss by itself may explain these
observations, and can be observed under any caloric restriction.
More recently, 1 case-control study [Wang et al., 2008]
and 1 cohort study [Thiébaut et al., 2007] reported an increased risk with high intake of total fat, whereas another cohort study [Löf et al., 2007] showed mostly negative
results (table 3A, B).
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2

3

47
74

79
140

92
123

4
5
Time (years)
80
137

72
136

6

7

8

9

94
137

89
145

46
97

33
58

Overall, the ‘limited and suggestive’ relationship – as
qualified by the WCRF [2007] – is very likely based on
the fat contribution to energy and energy-dense food intake as shown by Schulz et al. [2008] in the PotsdamEPIC cohort study (HR: 2.00; 95% CI: 1.30–3.09 for highfat food pattern) without any specific effect of total fat.
The heterogeneity might come from studies conducted in
populations where carbohydrates are the major contributor to energy-dense foods with low-physical activity or
subjects are at risk of metabolic syndrome [Lajous et al.,
2008]. Total fat has to be kept at a reasonable level, especially fat-dense foods.
Finally, several studies [Borugian et al., 20041; McEligot et al., 20062] and 1 intervention assay [Cheblowski et
al., 2006] showed better survival in BC patients with low
intake of total fat. The study by Cheblowski et al. [2006]
randomized for 60% of the controls and 40% of the cases,
followed 975 early BC patients and 1,462 controls for a
median duration of 5 years. The recommended diet aimed
at 15% of TEI for the experimental group with intensive
counseling, contrary to the control group. The TEI in the

1

Cohort of 603 patients with BC; 112 fatal events; nutritional assessment by FFQ Block questionnaire. RR: 4.8 (1.3–18.1) and T: 0.08 in PRM
women.
2
Cohort of 512 patients with BC. HR for mortality was 3.12 (1.79–5.44)
and T: !0.05.
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Fig. 1. Kaplan-Meier estimates of the cu-

1

Saturated FA
The AFSSA report [2003] considered the results from
the 2 national EPIC cohorts investigating SFA and BC
risk. The French report showed a non-significant increased risk [Thiébaut et al., 2001], whereas the English
report [Bingham et al., 2003] that used a more precise nutrition assessment (8 days registration) showed a significant relationship. Thus, it was concluded that the effect
of SFA was similar to that of total fat. More recently, results from 2 cohort studies [Thiébaut et al., 2007; Sieri et
al., 2008] showed a significant association, which was observed neither in a Swedish cohort study [Löf et al., 2007]
nor in 2 case-control studies [Garcia-Segovia et al., 2006;
Wang et al., 2008].
An indirect argument comes from a Japanese study
reporting that POM women with an intake of SFA 115%
of TEI present a 7% higher mammary density than POM
women consuming !15% of SFA of TEI [Nagata et al.,
2005].
Total Fat, Fatty Acids Intake and Cancers

So, while data are limited, the results of the 2 large cohort studies suggest a possible relationship between high
saturated fat intake and a modest increase in BC risk.
Monounsaturated Fat
As stated in the 2003 AFSSA report, in most of the
North American and north European countries MUFA
intakes present the same relationship to BC as total fat
and/or SFA. This was also true in 2 case-control studies
(France [Gerber et al., 2005] and USA [Wang et al., 2008])
and 1 cohort study in the USA [Thiébaut et al., 2007]. In
these countries, the major contributor to MUFA intake
was meat.
However, in Mediterranean countries, where olive oil
is the major contributor to MUFA intakes, they were associated with a reduction in BC risk. The analysis based
on foods showed that olive oil is responsible for the risk
reduction. Two recent case-control studies support the
observation of the first studies [Garcia-Segovia et al.,
2006; Bessaoud et al., 2008].
The beneficial effect might be conjointly or individually attributed to 3 variables: (1) the presence of oleuropein, a phenolic compound capable of modulation of
phase I and II enzymes, in olive oil [Gerber, 1997b]; (2) an
effect of substitution of animal fat by vegetal fat: Rasmussen et al. [1996] showed that a test meal with butter is
followed by a higher peak of insulinemia than a test meal
with olive oil; (3) the context of the Mediterranean diet
pattern might either participate in or confound the effect.
Thus, the data collected about MUFA underlines the
importance of taking into consideration the source of FA
and the global dietary pattern when judging beneficial or
deleterious effects of these FA on cancers [Gerber, 2001;
Fung et al., 2006].
n–6 FA: Linoleic Acid
It was noted in the AFSSA report 2003 that most of the
epidemiological studies did not show any association between n–6 FA and LA, as opposed to the animal observations [Cohen et al., 1986]. Recent reports based on questionnaires [Gerber et al., 2005; Thiébaut et al., 2009] or
biomarkers confirmed this observation [Gerber et al.,
2005; Shannon et al., 2007; Kuriki et al., 2007]. However,
while using adipose tissue FA measures treated by principal component analysis on 329 patients presenting BC
and benign breast disease, Bougnoux et al. [2006] showed
that LA was part of the 2nd component, explaining 18%
of the interindividual variability and associated with BC
risk (OR: 1.28; CI: 1.11–1.49). Such results deserve further
investigation, particularly within a prospective design.
Ann Nutr Metab 2009;55:140–161
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intervention group was around 20%, compared to 30% in
the control group, at the end of the study. The lipid intake
was 19 g and the weight 3 kg lower than the control group.
The RR for relapse was 0.76 (0.60–0.98, T: 0.034) in women of the experimental group compared to the control
group, and 0.58 (0.37–0.91, T: 0.018) for women with estrogen receptor tumors.
Another randomized controlled intervention study
with 1,537 women in the experimental group and 1,552 in
the control group focused not only on lipid intake reduction (15–20% of TEI), but also on increased intake of fiber
(30 g/day), fruit and vegetables. After a 6-year follow-up,
the vegetable intake was increased from 3.9 8 0.05 to 5.8
8 0.09 servings/day after 6 years, only in the experimental group, but fruit intake remained stable, as well as the
lipid intake at around 28% of TEI without ever reaching
the target. Moreover, both groups reported a lower energy
intake after 6 years (experimental: 1,719 to 1,538 kcal/day;
control: 1,717 to 1,559 kcal/day), whereas weight increased
in both groups (experimental: 73.5 to 74.1 kg; control 73.3
to 73.7 kg). This casts a doubt on the accuracy of the nutritional assessment through self-report. Thus, the absence of difference in TEI and weight might explain the
absence of difference in the selected end points (recurrence or death), and reinforces the assumption of weight
loss having a major effect on BC survival.
There is limited evidence for a specific role of fat in
decreasing the risk of invasive event or death in BC survivors, unless the decrease in total fat intake results in
weight loss.
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Gerber

FFQ 106 item
interview;
cooking practices

Wang et al., cases: 1,705
controls: 2,045
2008
populationUSA
based multiethnic sample

192-item FFQ;
fatty and white
fish, boiled or
fried

Stripp et al., 424/23,693
follow-up:
2003
median
Denmark
4.8 years

0.94 (0.68 –1.31)

0.92 (0.67 –1.26)

Subjects
and
methods

165-item FFQ;
interview

Author
year
country

314/35,298
GagoDominguez follow-up:
5 years
et al.,
2003
China

1.43
(1.17–1.76)
T: <0.001

1.07
(0.88–1.30)

H (≥0.97g/day)
vs. L (<0.62 g/
day)
1.79
(1.01–3.17)
T: <0.001

ALA

1.22 (0.89 –1.67)

LA/total PUFA

1.27
(1.04–1.54)
T: 0.04

n–6 PUFA H (>0.55
g/1,000 kcal) vs.
L (<0.36 g/1,000 kcal)
2.19 (1.09–4.42)
T: 0.07

H (>16.05 g/day) vs.
L (<9.7 g/day)
1.09 (0.73–1.64)

LA

1.02 (0.73 –1.43)

MUFA

H (>11 g/1,000
kcal) vs.
L (<9 g/1,000 kcal)
1.04 (0.57–1.89)

H (≥47 g/day) vs.
L (<33 g/day)
0.52: (0.30–0.92)
T: 0.02

H (>33 g/day) vs.
L (<23 g/day)
3.64 (2.34–5.64)
T: <0.0001

MUFA

H (>8 g/1,000
kcal) vs.
L (<7 g/1,000 kcal)
0.59 (0.31–1.12)

H (≥43 g/day) vs.
L (<25 g/day)
0.60 (0.35–1.05) T:
NS

SFA

SFA

1.35
(1.10–1.65)
T: <0.01

Total fat

Exposure mea- Total fat
surement

B Cohort studies

Bessaoud
et al.,
2008
France

validated FFQ
116-item
interview

validated FFQ
47 items

Kuriki et al., cases: 103
controls: 309
2007
Japan

cases: 437
controls: 922
populationbased

validated FFQ
interview

cases: 291
controls: 464

GarciaSegovia et
al., 2006
Canary
Islands

validated FFQ
interview
116 items

Gerber et al., cases: 283
controls: 283
2005
populationFrance
based

Exposure
measurement

16 general
items, 18 on
fish, no energy
assessment

Subjects
and
methods

Hirose et al., cases: 2,385
controls:
2003
19,013
Japan
populationbased

Author
year
country

A Case-control studies

Table 3. FA, fish and BC risk

ALA

H (>0.55 g/1,000 kcal)
vs. L (<0.36 g/1,000
kcal)
0.51 (0.27–0.98)
T: <0.05

EPA: H (>70 mg/day)
vs. L (4 mg/day)
1.11 (0.73–1.70)
DHA: H (>130 mg/day)
vs. L (<70 mg/day)
1.05 (0.68–1.63)

n–3 LC-PUFA

limits of quartiles not given;
cooking with hydrogenated fats
vs. cooking with olive/canola 1.58
(1.20–2.10);
cooking with corn oil (LA) vs.
cooking with olive/canola oil
1.36 (1.06–1.58)

n–6 PUFA/n–3PUFA
H (>18.50) vs.
L (<12.46)
1.66 (0.89–3.09)

olive oil H (≥8.8 g/day) vs.
L (≤3.2 g/day)
0.27 (0.17–0.42)

n–3
LC-PUFA

continuous:
25g/day
1.13
(1.01–1.23)

H (80.5
g/day) vs. L
(24.5 g/day)
0.72
(0.53–0.98)
T: 0.04

Fish/
seafood

in the L class of
fish intake (24.5
g/day) H quartile
of n–6 (no value)
RR: 2.45 (1.20–
4.97), T: 0.01

Remarks

olive oil H (>20.5 g/day) vs.
H (≥23 g/day)
vs. L (<23 g/day) L (≤2 g/day)
0.80 (0.61–1.06) 0.71 (0.44–1.44)
after adjustment for MUFA:
0.29 (0.18–0.47)

H (≥39 g/1,000
kcal/day) vs.
L (≤24 g/1,000
kcal/day)
0.59 (0.31–1.14)

NS PRM
no adjustment on nutrients

H (≥5/week) vs.
L (<3/month)
0.75 (0.57–0.80)
POM

AA: H (≥0.12 g/day) vs.
L (<0.08 g/day)
1.37 (0.85–2.18)

Remarks

Fish/
seafood
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continuous: 1.03
(0.98–1.09);
calibrated energy
residual mode

124-item selfadministered
validated FFQ;
calibration
study (873
participants)

validated FFQ
specific for
each country:
88–266 items

3,500/188,736
follow-up:
5 years

7,119/319,826
follow-up: 8.8
years

self-adminis1,650/56,007
tered FFQ,
follow-up:
8 years (mean) 208 items

Thiébaut
et al.,
2007
USA

Sieri et al.,
2008
European

Thiébaut
et al.,
2009
France

Total PUFA
H (10.3 g/day) vs.
L (4.5 g/day)
1.12 (1.01–1.25),
after correction: 1.34
(1.06–1.69),
continuous: (!2 increment
% fat of TEI 1.10
(1.01–1.20)
Total PUFA: H (19.5 g/day)
vs. L (8.4 g/day)
0.99 (0.91–1.08);
calibrated energy residual
model 0.99 (0.96–1.03)

H (15.2 g/day) vs.
L (7.2 g/day)
1.12 (1.00–1.24), after
correction: 1.21
(1.05–1.40), continuous: (!2 increment
% fat of TEI) 1.12
(1.03–1.21)
H (38 g/day) vs.
L (20 g/day) 1.08
(0.98–1.21)
T: 0.15; calibrated
energy residual model
1.04 (0.99–1.10)

H (13.2 g/day) vs.
L (6.8 g/day) 1.18
(1.06–1.31), after
correction: 1.20
(1.07–1.34), continuous: (!2 increment % fat of TEI)
1.13 (1.05–1.22)
H (25 g/day) vs.
L (16 g/day) 1.13
(1.00–1.27)
T: 0.04; continuous/
20 g calibrated 1.04
(1.00–1.07)

EPA H (>0.69%) vs. L (≤0.46) DHA H (>5.46%) vs. L (≤4.40%)
0.61(0.36–1.04)
0.45 (0.26–0.77)
T: 0.09
T: 0.003

H (>0.32%) vs. L (≤0.18%)
0.45 (0.26–0.77)
T: 0.003
H (>12.92%) vs.
L (≤11.43%)
0.87 (0.51–1.50)

H (>13.63%) vs.
L (≤10.19%)
0.67 (0.37–1.21)

erythrocyte
membranes
FA

322 cases/1,030 controls nested in a BC
screening cohort

Shannon
et al., 2007
China

Data presented as RR with 95% CI in parentheses. H = Highest quartile; L = lowest quartile; HRT = hormonal replacement therapy; % = percentage of total FA/unit of tissue.

EPA H (>1.39%) vs.
(L <0.89%)
0.27 (0.14–0.53)
T: <0.0001
H (>0.39%) vs.
L (<0.26%)
0.69 (0.37–1.28)
H (>9.68%) vs.
L (<8.17%)
0.37 (0.19–0.72)
T: <0.005

H (>11.12%) vs.
L (<10.15%)
0.35 (0.18–0.68)
T: <0.005

erythrocyte
membranes
FA

103 cases/309 controls (all from outpatient clinic)

Kuriki
et al., 2007
Japan

DHA H (>4.79%) vs.
L (<3.46%)
0.06 (0.02–0.16)
T: <0.0001

H (>2.59%) vs. L (<2.11%)
1.52 (0.96–2.40)
H (>0.99%) vs. L (<0.67%)
H (>0.42%) vs.
L (<0.32%), 3.41 (2.08–5.61) 0.57 (0.35–0.92)
T: 0.02
T: <0.01

H (>7.16%) vs.
L (<7.23%),
2.12 (1.41–3.18)

H (<31.4%) vs.
L (<27.4%), 0.25
(0.15–0.42), T: <0.01

233 cases/293 popula- serum FA
tion-based controls

Gerber
et al., 2005
France

continuous risk for 1 unit change
0.96 (0.83–1.11)
continuous, risk for 0.1 unit continuous risk for 1 unit
change
change
0.98 (0.75–1.27)
0.91 (0.75–1.09)

continuous, risk for
1 unit change
1.07 (0.93–1.24)

continuous, risk for
1 unit change 0.99
(0.89–1.10)

erythrocyte
membranes

237 cases/673 controls nested in he
Malmö cohort

Wirfält
et al., 2004
Sweden

DHA

H (0.40% TEI)
vs. L (0.08%
TEI)
0.94 (0.80–1.10)
T: 0.25

menopausal
women HRT –
1.21
(0.99–1.48)
T: 0.044

fatty fish:
H (36 g/day) vs.
L (0.3): 1.13
(1.01–1.26)
T: 0.10

n–3 PUFA/n–6 PUFA,
H (>0.31) vs. L (≤0.24)
0.66 (0.38–1.15) T: 0.16

n–6 PUFA/n–3 PUFA,
H (>3.65) vs. L (>2.82)
5.74 (2.69–12.27)
T: <0.0001

Remarks

continuous:
10g/day
1.01
(0.99–1.02)

ALA

EPA

H (0.56% TEI) vs. L (0.32%
TEI) 1.05 (0.90–1.23) T: 0.62
vegetable oil: H (0.70% TEI)
vs. L (0.07% TEI) 0.87
(0.71–0.97), T: 0.017
processed food:
H (0.128% TEI) vs. L (0.00%
TEI) 1.17 (1.01–0.36),
T: 0.004

H (≥0.61% TEI)
vs. L (<0.29%
TEI)
0.50 (0.30–0.85)
T: 0.024

AA

LA

Exposure
measurement

Subjects
and
methods

Author
year
country

H (14.7% TEI) vs. L (9.6%
TEI) 0.92 (0.79–1.07),
T: 0.28
vegetable oil: H (5.84% TEI)
vs. L (0.71% TEI) 0.86
(0.74–1.00), T: 0.042
processed food: H (2.69%
TEI) vs. L (0.46% TEI) 1.18
(1.01–1.38), T: 0.080

total PUFA
H (11.2 g/day) vs.
L (6.0 g/day)
0.72 (0.52–1.0)

H (≥4.78% TEI) vs.
L (<3.46% TEI)
1.02 (0.59–1.74)

H (26.5 g/day) vs.
L (10.4 g/day)
0.88 (0.53–1.46)

H (≥7.55% TEI) vs.
L (<5.50% TEI)
0.62 (0.36–1.09)

C FA and BC risk (incidence): case-control and cohort studies with markers

H (90.5 g/day)
vs. L (24.2 g/day)
1.12 (1.00–1.24);
continuous (!2
increment % fat
of TEI): 1.15
(1.05–1.26), after
correction: 1.32
(1.11–1.58)

self-administered FFQ,
80 items

974/44,569
follow-up:
13 years

Löf et al.,
2007
Sweden

H (≥7.45% TEI) vs.
L (<5.25% TEI)
0.68 (0.40–1.15)

H (37.9 g/day) vs.
H (80.7 g/day)
vs. L (30.8 g/day) L (18.6 g/day)
1.02 (0.72–1.45); 1.12 (0.69–1.81)
continuous 10
g/day: 1.04
(0.97–1.11)

validated FFQ
specific for
each country:
88–266 items

H (≥24.55%
TEI) vs. L
(<18.44% TEI)
0.80 (0.46–1.38)

4,776/310,671
follow-up:
6.4 years

validated 40item FFQ

Engeset
et al.,
2006
European
(EPIC)

Wakai et al., 129/26,291
follow-up:
2005
7.6 years
Japan

n–3 FA: Linolenic Acid
Results concerning this FA are few and contradictory,
as noted in the AFSSA report [2003].
However, in the case of ALA, like LA, the food context
appears to play a role. In the study by Thiébaut et al.
[2009], ALA from vegetable oils showed a decreased risk
(HR: 0.87, CI: 0.71–0.97, T: 0.017), whereas ALA from
processed food and especially mixed nuts was associated
with increased risk (HR: 1.17, CI: 1.01–0.36, T: 0.004) (table 3B).
Due to the lack of clear data, as with n–6, no satisfactory conclusion can currently be drawn.
n–3 FA: Long-Chain Polyunsaturated FA
In all populations, the major contributor of n–3 LCPUFA (EPA and DHA) is seafood. Therefore, the relationship to fish intake, which is the most generally estimated, is considered in this section.
In spite of the 17 case-control and 4 prospective studies
covered in the AFSSA report [2003], no conclusion could
be put forward because the data were contradictory. Since
then, 2 prospective studies [Stripp et al., 2003; Engeset et
al., 2006] and 3 case-control studies [Hirose et al., 2003;
Kuriki et al., 2007; Bessaoud et al., 2008] investigating the
relationship between fish/seafood intake and BC have
been published. In the Asian and southern French studies,
fish consumption is only significantly associated with BC
risk reduction in the study of Hirose et al. [2003]. On the
other hand, the 2 prospective studies conducted in northern Europe showed a risk increase associated with fatty
fish consumption [Engeset et al., 2006] and total consumption in the Danish study [Stripp et al., 2003].
With regard to n–3 LC-PUFA, the AFSSA report [2003]
concluded that there was an absence of effect for EPA and
limited but suggestive evidence for a protective effect of
DHA. Since this report, 3 prospective studies [GagoDominguez et al., 2003; Wakai et al., 2005; Thiébaut et al.,
2009], 2 case-control studies [Gerber et al., 2005; Kuriki
et al., 2007] with questionnaires, 2 case-control studies
and 2 prospective studies investigating the relationship
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between BC risk and EPA/DHA either in sera or in erythrocyte membranes [Wirfält et al., 2004; Gerber et al.,
2005; Kuriki et al., 2007; Shannon et al., 2007] have been
published. They showed also a risk reduction in Asian
countries and southern France (EPA) and no effect in
Denmark, Sweden or the whole of France (table 3).
In countries with a beneficial food pattern, as in Asian
and Mediterranean countries, the highest intake of fish
or n–3 LC-PUFA is associated with a risk reduction in
BC, whereas there is either no effect or an association
with an increased risk in northern European countries.
Thus, there is limited but suggestive evidence that a highto-moderate consumption of fish and n–3 LC-PUFA as
part of a beneficial food pattern is associated with a reduced BC risk. Increased risk observed in some European
countries might be related to a less favorable contextual
food pattern and/or to possible endocrine disruptor pollutants known to be present in the seas around these
countries [Hoyer et al., 1998].
Relationship of n–6 and n–3 FA to PUFA/
Antioxidants
Several studies [Simonsen et al., 1998; Bagga et al.,
2002; Hermann et al., 2002; Maillard et al., 2002; Goodstine et al., 2003; Gago-Dominguez et al., 2003] have
shown that the effect of n–3 FA on BC risk depends upon
the relative amount of n–6 FA, and vice versa. Many of
these studies had limitations, and recent reports are not
consistent (table 3C) [Shannon et al., 2007; Kuruki et al.,
2007]. These observations may simply reflect the difficulty in addressing specific FA in epidemiology when
they are generally correlated.
Interactions with antioxidants also have been described, which alluded to the apoptotic effect of PUFA
opposed by antioxidants. These include case-control and
survival studies reporting on vitamin E [Gerber et al.,
1989; Saintot et al., 2002] and prospective studies reporting on vitamin C and ␤-carotene and/or vitamin E [Verhoeven et al.,1997; Michels et al., 2001; Njondock et al.,
2003].
Experimental studies have provided mechanistic arguments supporting the tumor inhibitory effect of PUFA,
related to the peroxidation products, and to their relationship with antioxidants. The latter block the cytotoxic
effect of peroxidized PUFA and enhance tumor growth
[Bougnoux, 1999].
Limited evidence has suggested that a high intake of
n–6 FA together with a low intake of n–3 LC-PUFA might
increase BC risk, and that high levels of antioxidants
might oppose the apoptotic effect of n–3 LC-PUFA.
Gerber
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Another point, also discussed for CRC, is the importance of the food context. In the study reported by
Thiébaut et al. [2009], LA from vegetable oils showed a
decreased risk of borderline significance (HR: 0.86, CI:
0.74–1.00, T: 0.042), whereas LA from processed food was
associated with an increased risk (HR: 1.18, CI: 1.01–1.38,
T: 0.080) (table 3B).
Nevertheless, based on the current data, no firm conclusion regarding LA and BC can be drawn.

Table 4. FA, fish and endometrium cancer risk (incidence): case-control studies
Author
year
country

Subjects and
methods

Exposure
measurement

Total fat

Dalvi et al.,
2007
USA

488 cases/
461 population-based
controls

block history
questionnaire,
103 items,
interviewed

H (≥33%)vs.
L (<33%)
1.4 (0.97–2.1)

Xu et al.,
2007
China

1,204 cases/
1,212 population-based
controls

validated FFQ
71 items

H (>23.1 g/1,000
kcal/day) vs.
L (<13.8 g/1,000
kcal/day)
1.1 (0.9–1.5)

H (>7.0 g/
1,000 kcal/day)
vs. L (<3.6 g/
1,000 kcal/day)
1.3 (1.0–1.7)

H (>10.3 g/
1,000 kcal/day)
vs. L (<5.38 g/
1,000 kcal/day)
1.4 (1.1–1.9)

1.1 (0.7–1.6)

1.3 (0.9–2.0)

0.8 (0.6–1.2)

Lucenteforte 454 cases/
FFQ 78 items
et al., 2008
908 hospitalItaly
based
controls

SFA

MUFA

LA

ALA

Remarks

none of the individualized food
pattern (plant-based, Western,
ethnic, phytoestrogen rich) showed
an association.
animal fats: H (>15.6 g/1,000 kcal/
day) vs. L (<6.8 g/1,000 kcal/day)
1.5 (1.2–2.0)
plant fat: H (>9.0 g/1,000 kcal/day)
vs. L (<5.0 g/1,000 kcal/day)
0.6 (0.5–0.8)
0.9
1.0
(0.6–1.4) (0.7–1.6)

PUFA H (>6.1 g/1,000 kcal/day)
vs. L (<3.4 g/1,000 kcal/day)
0.8 (0.6–1.0)
Cholesterol: 2.1 (1.4–3.2)
limits of the quartiles not given

Trans Fatty Acids
The WCRF/AICR [2007] panel concluded that any effects of trans FA specifically on any form of cancer are not
known. The contradictory results presented in the 2003
AFSSA report did not allow any conclusion to be made.
Since then, 1 case-control and 1 prospective study have
shown an increased BC risk for women cooking with hydrogenated fats [Wang et al., 2008] and for women with
a high percentage of trans FA in their serum phospholipids [Chajès et al., 2008].
Because animal models showed tumor inhibition after
treatment by conjugated LA, the AFSSA report [2003] reviewed the human studies investigating this topic. The
results were contradictory, so no conclusion could be put
forward, and recent studies have offered no strong evidence to warrant a revision of this decision.

Endometrial cancer (EC) is the eighth most common
cancer in women worldwide, and is more frequent in
high-income countries. The prognosis is generally favorable, and about 75% of patients survive for 5 years. EC
occurs mainly after menopause, and is strongly associated to obesity. It might be considered as hormone dependent, and changes in hormone levels associated with metabolic syndrome are likely to play a part in the development of EC [Cust et al., 2007].

The WCRF/AICR [2007] panel concluded that body
fatness (convincingly) and abdominal fatness (probably)
increase the risk of developing EC. Recently, 2 cohort
studies and 9 case-control studies were included in a
meta-analyses, but the sole cohort study evaluating total
fat and saturated fat did not find an association [Bandera
et al., 2007]. Thus, the random-effects summary estimates were based only on case-control studies and were
1.24 (1.10–1.41) per 10% kcal from total fat and 1.28 (1.12–
1.47) per 10 g/1,000 kcal of saturated fat. For animal fat
(per 10 g/1,000 kcal) the summary estimates were 0.78
(0.63–0.96) and 1.34 (1.06–1.69) for 2 cohort and 4 casecontrol studies, respectively.
Since this meta-analysis, 3 other case-control studies
have been published (table 4). Dalvi et al. [2007] looked at
dietary patterns but mainly individualized a risk associated with fat intake, whatever the amount of fruit and
vegetables consumed. Xu et al. [2007] in Shanghai underlined the animal origin of fat as a risk factor for EC. In a
study conducted in Italy, Lucenteforte et al. [2008] reported several arguments suggesting that animal fat confers a higher risk than vegetable fat. Finally in the low-fat
WHI intervention trial, there was a weak reduction in EC
in the experimental group (HR = 0.95, CI: 0.89–1.01, T:
0.10) [Prentice et al., 2007].
As for BC, total fat very likely contributes to increasing
EC risk through constitution of body fatness, and animal
fat in particular appears to be responsible for this risk increase.
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Data presented as OR with 95% CI in parentheses. H = Highest quartile; L = lowest quartile.

Ovarian cancer (OC) is the seventh most common
cancer in women worldwide, and also the seventh most
common cause of cancer death. It is more frequent in
high-income countries. OC shares several risk factors
with BC as a hormone-dependent cancer. Among these
common factors, only 1, adult attained height, appears to
be related to nutrition, and is recognized as such in the
WCRF/AICR report [2007]. Since then, 631 incident cases of invasive epithelial OC and 1,174 matched controls
were analyzed in Israel [Lubin et al., 2006]. Substituting
non-animal fat in preference to animal fat over a relatively short-term period (between 2 and 7 years prior to
interview) decreased the risk of OC (OR: 0.65 per 100
kcal, CI: 0.50–0.85). Also, a pooled analysis of 12 cohorts
(523,217 women and 2,132 OC cases) showed borderline
significant increases in OC for the highest versus the
lowest quartile of SFA intake (1.14, CI: 0.97–1.34, T: 0.22)
and in animal fat (1.15, CI: 0.99–1.33, T: 0.15) [Genkinger
et al., 2006]. More recently, the results of the WHI lowfat trial relative to OC showed that after a follow-up of
4 years, there was a significantly lower OC risk (0.60, CI:
0.38–0.96) [Prentice et al., 2007]. However, it could be
that the effect is mediated by weight loss.
With these more recent reports, there is limited evidence suggestive of a deleterious effect of fat, especially
animal fat, on OC.

Conclusion

The relationship between fat and cancer has been extensively investigated for more than 2 decades, and is still being debated in spite of numerous studies and improvements in food composition tables, epidemiological and statistical methods. If the highly multifactorial character of
cancers is part of the complexity, 2 questions are crucial to
understand why a firm conclusion is difficult to establish:
• Since there is convincing evidence that obesity increases the risks for CRC, EC and POM BC, does fat
contribute to obesity? Although the answer to this
question can be found in the background review paper
on fat intake and overweight, obesity, metabolic syndrome (Melanson et al., this issue), the strength of the
evidence supporting an association of total fat with
cancers will be summarized below.
• Do FA play a specific part in cancer development beyond their contribution to energy? This question
might also be difficult to answer for FA that represent
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a high percentage of total lipid intake (SFA, MUFA)
and are confounded by energy. The percentage of
PUFA, especially n–3, and trans FA in total lipid intake
is much lower and a possible specific activity could be
more easily determined. However, foods that contribute mainly to their intake carry special characteristics.
For example, the source of n–3 LC-PUFA is essentially fish, and fish is also a source of vitamin D and of
selenium, both being credited with a possible protective effect against some cancers. Thus, if a risk reduction associated with fish is observed, it might be due
totally or in part to these other nutrients. Also, if fish
is substituted for meat (a recognized risk factor for
CRC), fish and its nutrients might be incorrectly considered responsible of the observed risk reduction,
when the effect is related to a different food pattern.
For trans FA, they are generally found in processed
foods, part of Western diet pattern that is often described as a risk factor for several cancers.
Thus, epidemiology by itself may lack the power to
bring sufficient evidence for firm conclusions concerning
whether or not the quantity or type of fat in the diet has
any effect on the risk of developing any type of cancer. Experimental studies and biological plausibility may bring
complementary lines of evidence and might help to reach
a conclusion in some situations. We can raise the question:
is it currently possible to give figures of FA intake aimed
to prevent cancer risk after a literature review of the association of FA intake and risk of cancer incidence?
Since it has been proposed to use disease outcome as
an indicator of adequacy or optimal intake, then as a criterion for dietary FA recommendations, the summary
will examine the relationship of total fat and FA and cancers in the perspective of quantification.
This exercise is constrained by several limitations:
many of the studies do not precisely define the FA amount
associated with cancer risk; the FFQ, which is the main
tool for exposure assessment, is subjected to measurement error [Bingham et al., 2003]; hence, the exposure
values are supposed to classify the cases relatively to controls, and cannot be considered as absolute. However, if
several different studies come out with comparable figures, one could tentatively work out a range of values for
recommendations.
Total Fat
Several studies have shown that total fat is associated
with CRC, BC, EC and OC. Experimental studies in animal models support a direct relationship. Inasmuch as fat
is related to obesity, there is biological plausibility.
Gerber
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n–3 LC-PUFA
There are several epidemiological studies showing a
probable risk reduction for CRC by fish intake, but the
data are more limited for the n–3 LC-PUFA provided by
fish intake. Residual confounding with other fish nutrients cannot be excluded, given that EPA and DHA are
strongly correlated with fish intake. In the same line,
meat substitution by fish may confound the effect.
Therefore, we have to ask the question: is it possible to
make a recommendation concerning n–3 LC-PUFA?
There are several arguments to support a proper role of
n–3 LC-PUFA: they have been shown in tumor animal
models to oppose tumor growth through apoptosis induction, and the anti-inflammatory effect of EPA has
been recognized. Human studies on gene polymorphisms
of the COX2 enzyme and the observation of different effects in subjects receiving/not receiving aspirin support
the plausibility of the effect in humans.
Data are limited, but suggestive of a risk reduction in
BC with higher intake of n–3 LC-PUFA. They are even
more limited for PC, but suggestive of a direction toward
a risk reduction.
All studies at hand with quantification agree that an
intake 6500 mg EPA + DHA daily is necessary for a significant risk reduction of 20–25%. In Asian countries,
61,500 mg/day significantly decreased BC risk by 50%,
but the a question remains of how important it is that fish
provide these FA.

SFA, MUFA and Animal Fat
The effects of these FA on CRC are comparable to total
fat for CRC. It appears from the limited data at hand that
SFA could increase BC risk, but only moderately, and not
an SFA intake ^11%.
Animal fat has been especially mentioned for EC and
OC, but the data are too few to come to a conclusion.
Also, SFA has been reported to increase the risk of progression to PC, but again the data are insufficient to form
any conclusions.

n–6 PUFA/n–3 PUFA
Several studies have reported that a high ratio of
n–6:n–3 FA is associated with an increased risk of CRC,
PC and BC. Since a risk associated with n–6 has not been
demonstrated, a low n–3 PUFA intake would be responsible for the observation. If the intake of EPA and DHA
is increased as recommended above, the ratio is likely to
improve.

n–6 FA (LA) and n–3 FA (ALA)
Contrarily to animal studies, most epidemiological
studies do not show any association of LA and n–6 FA
with CRC, PC and BC. This may be explained by a difference in the proportion of FA in the diet, or by the part
played by the diversification of foods in the human food
pattern.
Contradictory results have been reported for ALA.
Thus, there are no data with which to form a recommendation related for these FA.

trans Fatty Acids
There is not a large body of evidence to support either
the deleterious or the beneficial effect of trans FA and
conjugated LA with regard to cancers (3 studies in PC and
2 in BC showed a deleterious effect). The studies in PC
are interesting in that they suggest a mechanistic hypothesis based on an opposite effect of trans FA to n–3 LCPUFA. On the one hand, there is interference from the
RNAse L polymorphism (enzyme involved in a pro-apoptosis); on the other hand, a different effect in subjects taking or not taking aspirin. However, there is not enough
data to make a recommendation with regard to cancers.

Total Fat, Fatty Acids Intake and Cancers
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With regard to CRC, effects of total fat appear to be
confounded by the energy conveyed by total fat.
For EC, a meta-analysis of 9 case-control studies, and
3 recent studies agree on an association of total fat with
an increased risk, but 2 prospective studies did not. One
can conclude that limited data are suggestive of a probable relationship between total fat and EC. Since obesity is
the main risk factor for EC, it is likely that total fat plays
a role through obesity constitution.
For OC, there are few studies, but there is an intervention assay with clear significant results; thus, one can
conclude there are limited data suggestive of a direction
towards a relationship between total fat and OC.
For BC, not all the studies are in agreement. However,
at least 5 case-control studies, a recent cohort and an intervention assay have provided data suggestive of a probable relationship between total fat and BC, which might
act through obesity. Heterogeneity could be explained by
different food patterns where energy is provided by other
nutrients (e.g. carbohydrates in Asian countries).
Data for BC cancer survivors are scarce, but go in the
same direction as observations made prior to cancer diagnosis.
For BC, EC and OC, a quantification approach can be
proposed with the data at hand: a total fat intake between
30 and 33% of TEI is not associated with increased risk of
these 3 cancers.

Finally, several studies have pointed out the importance of the quality of food (animal vs. vegetal, processed
vs. non-processed) contributing to the FA intake pattern.
Recommendations may have to take into consideration
the food context of the FA to weigh their roles in disease
outcome.
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