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Abstract

Background: The role of n-3 polyunsaturated fatty acids (PUFAs) in breast cancer is not clear and under debate.
To explore this relationship it is important to have proper validated dietary assessment methods for measuring the
intake of n-3 PUFAs. The aim of the current study is to validate two different methods used to assess the intake of
selected n-3 PUFAs as well as food sources of long-chained n-3 PUFAs. Also, we aim to study how stable the intake
of fatty acids is during breast cancer treatment.

Methods: The study-population was patients with breast cancer (Stages I-II) or ductal carcinoma in situ (DCIS-grade
III) undergoing treatment (n = 49) in Norway. Dietary intake was assessed by two self-administered methods, a 256
food item food frequency questionnaire (FFQ) and a 7-day pre-coded food diary (PFD). The FFQ was administered
presurgery and twelve months postsurgery, and the PFD was administered shortly after surgery (10 +/− 2 days), six
and twelve months postsurgery. Fasting blood samples (presurgery, six and twelve months postsurgery) were
analysed for serum phospholipid fatty acids, a biomarker for intake of n-3 PUFAs.

Results: Mean (SD) age was 54.2 (7.8) years at diagnosis, and the mean (SD) body mass index (BMI) was 24.8 (3.4)
kg/m2. Correlation coefficients between dietary intakes of n-3 PUFAs measured with the FFQ and the PFD ranged
from 0.35 to 0.66. The correlation coefficients between the PFD and the biomarker (serum phospholipid n-3 PUFAs)
as well as between the FFQ and the biomarker demonstrated stronger correlations twelve months after surgery
(ρ 0.40–0.56 and 0.36–0.53, respectively) compared to around surgery (ρ 0.08–0.20 and 0.28–0.38, respectively). The
same pattern was observed for intake of fatty fish. The intake of n-3 PUFAs did not change during treatment
assessed by the FFQ, PFD or biomarker.

Conclusion: These results indicate that the FFQ and the PFD can be used to assess dietary intake of fish and n-3
PUFAs in breast cancer patients during breast cancer treatment. Still, the PFD shortly after surgery should be used
with caution. The diet of patients undergoing breast cancer treatment was quite stable, and the intake of n-3
PUFAs did not change.
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Background
Knowledge of the role of individual fatty acids in health
and disease is increasing, also when it comes to different
types of cancers [1, 2]. The role of n-3 polyunsaturated
fatty acids (PUFAs) in the diet of women diagnosed with
breast cancer is not clear [3–5]. However, it has been
proposed that a high intake of n-3 PUFAs prediagnosis,
as well as postdiagnosis, may improve prognosis and
survival after breast cancer [2, 6–9]. Being diagnosed
with breast cancer may lead to changes in the diet, due
to a desire to cure the disease, alleviate symptoms of
nausea or to follow healthcare professionals’ advice [10].
To be able to investigate the n-3 PUFAs role in breast

cancer prognosis or study dietary changes after diagnosis
it is important to have proper methods to measure the
dietary intake. Traditional methods for dietary assess-
ment are usually based on self-report and include among
other the food diary, which is usually conducted on
several consecutive days. A food diary can provide de-
tailed information about food intake, cooking methods,
meals and eating frequency and can give relatively accur-
ate information about dietary intake [11]. The weak-
nesses are that the tool is time-consuming both for the
respondent and the investigator, multiple days are re-
quired to estimate habitual intake and the task of record-
ing the diet may influence the dietary intake [11, 12]. The
food frequency questionnaire (FFQ) on the other hand
attempts to estimate usual dietary intake in one adminis-
tration, is usually a lower burden on the respondent and
the investigator and the cost of administration and
handling is relatively low [13]. However, the FFQ is a
closed method and may give fewer details on specific
food types and cooking methods, and is more prone
to measurement errors including recall errors as it is
memory-dependent [13].
Biomarkers may be used as objective indicators on

dietary intake and can be used to validate dietary assess-
ment methods [14]. Using serum phospholipid fatty
acids as biomarkers have been shown to be useful to re-
flect dietary intake of fatty acids [15]. However, no fatty
acid biomarker can reflect the exact fat intake as it is
subject to absorption and endogenous metabolism and
can be affected by factors such as hormones [14–20].
Certain phospholipid fatty acids such as the long-chained
n-3 PUFAs provide a better reflection of the dietary intake,
while the saturated (SFAs) and monounsaturated fatty
acids (MUFAs) provide a weaker estimate of the dietary
content because of a high degree of endogenous me-
tabolism [16, 17]. The serum phospholipid fatty acids
are short- to medium-term biomarkers that reflect
the dietary intake of the individual fatty acids for the
last days or weeks [14, 16, 21].
It is important to have dietary assessment methods

that are validated in the patient-group they are intended

to be used. To our knowledge, methods assessing the
intake of fatty acids in breast cancer patients during
adjuvant breast cancer treatment have not previously
been validated using a prospective method, a retrospect-
ive method and a biomarker. The aim of this study is to
validate an FFQ and a pre-coded food diary (PFD)
using serum phospholipid n-3 PUFAs as a biomarker
for the intake of selected n-3 PUFAs as well as
food-sources of long-chained n-3 PUFAs in breast
cancer patients. By repeating our measurements over
a year, we also examine how stable the intake of
selected nutrients (including n-3 PUFAs) is during
adjuvant breast cancer treatment.

Methods
Subjects and study design
A total of 60 women newly diagnosed with invasive
histologically verified breast cancer (stages I-II) or ductal
carcinoma in situ (DCIS-grade III) aged 35–75 years
participated in a small clinical study between 2011 and
2013 at the Cancer Center, Oslo University Hospital
Ullevål, Oslo; St.Olav University Hospital, Trondheim
and Vestre Viken, Drammen, Norway. The patients were
included before they underwent breast cancer surgery
and were thereafter followed at the outpatient clinic.
Patients with known severe illnesses (e.g. diabetes, heart
disease) were excluded. A total of ten patients were
excluded from the study after inclusion due to e.g. other
diseases, unexpected settings in the family (e.g. death) or
unable to participate due to their work setting (n = 50).
One patient had incomplete dietary recordings, so finally
49 (82%) patients completed all the dietary assessment
and had available blood samples at all points up to 12
months after surgery and were included in the present
analyses. A total of 45 patients had breast cancer and 4
patients had DCIS-grade III.

Patient characteristics and clinical measurements
The characteristics of the patients and clinical variables
were assessed before any treatment (surgery, radiation,
chemotherapy and/or endocrine therapy), including
information regarding lifestyle habits, medical history
and socioeconomic status. Anthropometric measure-
ments were done with patients having no shoes on
and wearing light clothes. Weight was measured to
the nearest 0.1 kg on an electronic scale, height was
measured to the nearest 0.5 cm and body mass index
(BMI, kg/m2) was calculated. Waist circumference
was measured 2.5 cm above the umbilicus; hip cir-
cumference was measured at the widest point of the
buttocks. Waist-to-hip ratio was calculated by dividing
waist circumference by hip circumference.
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Blood sample analyses
Fasting (overnight) venous blood samples were drawn
presurgery (2–8 days before surgery), six and 12 months
postsurgery (Fig. 1). The blood was drawn into serum
clot activator tubes with separation gel and left to clot at
room temperature for 30 min before centrifugation at
2000 g/rcf for 15 min. After centrifugation the serum
was aliquoted into 1 ml cryotubes and left for 24 h at −
20 °C, before they were stored at − 80 °C. In February
2014 the samples were transferred to the Department of
Laboratory Medicine, St. Olav University Hospital, Trond-
heim, for analyses. Serum phospholipid fatty acid concen-
trations were measured as described previously [22].
Plasma proteins were precipitated using 70% (v/v) perchlo-
ric acid (Merck) and total lipids extracted with n-butanol
[23] using diheptadecanoyl-glycerophosphocholine and
butylated hydroxytoluene (Sigma-Aldrich) as an internal
standard and antioxidant, respectively. The phospholipids
were isolated using Varian Bond Elute NH2 LRC columns
and transmethylated in a N2 atmosphere using BF3 in
methanol (Supelco Inc.) at a final concentration of
9.7% (w/w) at 135 °C for 30 min. The fatty acid me-
thyl esters were extracted into isooctane before ana-
lyzed by GLC on a Hewlett-Packard 5890A using a
30 m SP2330 fused silica capillary column, 0.25 mm
internal diameter, 0.20 μm film thickness (Supelco
Inc.) with helium as a carrier at a linear gas velocity
of 23 cm/sec. The initial column temperature was
170 °C programmed at 1.5 °C /min to 210 °C. The
results were expressed as mg of phospholipid fatty
acids per litre serum and recalculated to a percentage
by weight (wt%) on the basis of twenty-two identified
fatty acids (Total fatty acids). A normal human serum
sample was included in each run to monitor analyt-
ical performance. The between-series CVs for 18:0,
18:1n-9, 18:2n-6, 20:3n-6, 20:4n-6, 20:5n-3, 22:6n-3

and Total fatty acids were 3.3%, 4.9%, 3.1%, 4.0%,
3.8%, 4.3%, 6.6% and 3.1% at a mean concentration of
169.5 mg/L, 117.7 mg/L, 214.5 mg/L, 18.1 mg/L,
120.0 mg/L, 68.7 mg/L, 121.8 mg/L and 1246.0 mg/L,
respectively. The fatty acids examined in this study
were the long-chained PUFAs EPA (eicosapentaenoic acid,
20:5n-3), DHA (docosahexaenoic acid, 22:6n-3) and the
sum of the following n-3 PUFAs (hereafter termed “sum
n-3”); ALA (alpha-linolenic acid, 18:3n-3), EPA, DPA
(docosapentaenoic acid, 22:5n-3) and DHA.

FFQ and PFD
Two different dietary assessment methods were used; an
FFQ and a PFD. A modified version of an FFQ devel-
oped and validated by the Department of Nutrition,
Institute of Basic Medical Sciences, University of Oslo,
was used to gather data on the usual diet (retrospective
data) [24–27]. The FFQ is 14 pages and includes 256
questions about food items arranged after the traditional
meal pattern in Norway. Serving size per consumption is
given in various household units such as spoons, deci-
liter, cups, glasses and slices and frequency of food items
consumed range from never/seldom to several times a
day. The types of fat used in cooking and as spread on
bread are covered in separate sections, as is questions
regarding dietary supplements usage, such as fish oil
capsules and cod liver oil. At the end of the FFQ, there
are open spaces where the patients can fill in food items
or dietary supplements not covered in the questionnaire.
Presurgery, the patients were asked to report their usual
diet during the last year before they were diagnosed with
breast cancer or DCIS-grade III. Twelve months after
surgery the patients were asked to report their diet for
the last month (Fig. 1). The questionnaires were the
same, although covering different time-periods.

SURGERY

PFD PFD

FFQ²

PRESURGERY POSTSURGERY

FFQ¹

Biomarker BiomarkerBiomarker

PFD

12 months
time 12

6 months
time 6

Around surgery
time 0

Fig. 1 Timeline for FFQ, PFD and biomarker (serum phospholipid fatty acids). 1FFQ asks for the last year’s diet, filled in 2–8 days before surgery.
2FFQ asks for the last month’s diet. The PFD is filled in for seven consecutive days shortly after surgery (10 +/− 2 days after surgery), at six and
twelve months postsurgery. The blood samples (biomarker) are drawn 2–8 days presurgery, at six and twelve months postsurgery
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The patients also recorded all their food and drink
consumption in a modified version of a PFD developed
and validated by the Department of Nutrition, Institute
of Basic Medical Sciences, University of Oslo [28–30].
The PFD is 19 pages and includes 310 questions on con-
sumption of different food items arranged and grouped
after the regular Norwegian meal pattern. Each food
group has an open space at the end where food items/
dishes and dietary supplements not covered in the
pre-coded part can be listed. The design of the PFD is
presented like a cross-table with time span at the top
and type of food on the left side. Each day is divided into
five time periods: 4 day periods where each is for 4 h
(e.g. 6–10) and one night period from 22 to 06. House-
hold units and photos from a validated photo-booklet
were used to estimate the amounts consumed [31]. The
photo-booklet contains 15 colour-photo series of differ-
ent types of food, each with four serving sizes spanning
from small to a large portion. The patients recorded the
food they had eaten by filling in the type of food and the
number of items eaten in the corresponding time
period. The PFD was filled in for seven consecutive
days shortly after surgery (10 +/− 2 days after sur-
gery), 6 months postsurgery and 12 months postsur-
gery (that is 3 × 7 days, Fig. 1).
Both dietary assessment methods (FFQ and PFD) were

obtained by self-report. However, all FFQs and PFDs
were then manually checked by trained personnel; in
case of inconsistencies or missing information the
patients were contacted and the missing values were ob-
tained. The completed FFQs and PFDs were scanned
using the Cardiff TeleForm program version 10.5.1
(Datascan Oslo, Norway). Food and nutrient calcula-
tions, as well as fatty acid intake, were computerised
using the food database AE-14 and the KBS calculation
software system (Kostberegningsystem) at the Depart-
ment of Nutrition, Institute of Basic Medical Sciences,
University of Oslo. The food database AE-14 is based on
the Norwegian food composition tables from 2014 and
2015 (http://www.norwegianfoodcomp.no/), supple-
mented with data from calculated recipes and other da-
tabases, and has a large number of fatty acids including
n-3 PUFAs. The n-3 PUFAs that were investigated from
the diet were the long-chained PUFAs EPA and DHA in
addition to the total n-3 PUFAs. The “sum n-3”-variable
(used for the biomarker; the sum of ALA, EPA, DPA
and DHA) was not used for the diet as it was not con-
sidered relevant. The “sum n-3” variable accounts for ap-
proximately 80–90% of total n-3 PUFAs in the diet and
hence the variable “total n-3” was used for diet. The
food categories “fatty fish” (all fatty fish in the diet, e.g.
salmon, trout, mackerel and herring) and “fish and fish
products” (all fatty and lean fish as well as fish products,
sushi and shellfish) were also examined.

Statistical analyses
All analyses in this study are based on subjects who had
completed all three assessments on all visits (PFD, FFQ
and biomarker; n = 49). The sample size required when
expecting a correlation coefficient around 0.40, with 80%
statistical power and 5% significance level, is 46 subjects
[32]. Statistical analyses were performed with IBM SPSS
Statistics version 24.
Energy percent from macronutrients were calculated

(E %). Median dietary intakes in the PFD and the FFQ,
as well as median serum phospholipid fatty acids around
surgery, 6 months and 12 months, were calculated and
compared using Wilcoxon signed-rank test as the data
distribution was skewed. The agreement between the
methods was determined by cross-classification into
tertiles. Spearman correlation coefficients were calcu-
lated between PFD and FFQ, PFD and biomarker (serum
phospholipid fatty acids) and FFQ and biomarker. The
95% confidence intervals (CI) for the correlation coeffi-
cients were calculated using the Fisher Z method.
Spearman correlation coefficients were also calculated

between the intake of EPA and DHA in the PFD/FFQ
and the level of EPA and DHA in serum phospholipids,
stratified by chemotherapy (yes/no), radiation (yes/no),
endocrine therapy (yes/no), premenopausal/postmeno-
pausal status, alcohol intake (median split) and BMI
(<25/25≤). The Fisher’s Z transformation was used to
investigate if there were any statistically significant
differences in correlation coefficients between the strata.
If any significant differences were detected between
strata, Mann-Whitney test was performed to see if there
were any differences in intake or in serum phospholipid
fatty acids. A significance criterion of p < 0.05 was used.

Results
Characteristics of the patients are presented in Table 1.
The patients were on average 54.2 years at diagnosis
(range 38–69), and their mean body mass index (BMI)
was 24.8 kg/m2 (range 20.2–33.2). The majority of the
patients received radiotherapy (38 patients, 78%), 30
patients (61%) received chemotherapy and 31 (63%)
endocrine therapy.
The results from analysing serum phospholipid fatty

acids are presented in Table 2. None of the fatty acids,
expressed as wt% of total fatty acids in serum phospho-
lipids, changed significantly over time. The full fatty acid
composition is presented in the Additional file 1: Table S1.

FFQ compared to PFD
The dietary intakes reported by the FFQ and PFD
around surgery, at six and 12 months postsurgery are
given in Table 3. When comparing dietary intake re-
corded around surgery, the median intake in the FFQ
compared to the PFD was significantly higher for most
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nutrients, including total PUFA, total n-6 and n-3
PUFAs, EPA and DHA. When looking at E % from each
nutrient most nutrients remained significantly higher in
the FFQ, but total PUFA and total n-6 PUFA were no
longer significantly different in the two methods. E %
from total and saturated fat intake was higher in the
PFD. The dietary intake at 12 months demonstrated a
similar pattern as seen around surgery, with generally
significantly higher intake measured with the FFQ
including total PUFA, total n-6 and n-3 PUFAs, EPA
and DHA and n-3 PUFAs from supplements. Looking at
E % from each nutrient, most nutrients remained higher
in the FFQ but there was no longer a significant differ-
ence in intake of total n-6 PUFAs and n-3 PUFAs from
supplements. Also, E % from total and saturated fat was
significantly higher in the PFD.

Dietary changes
When studying each dietary assessment method separ-
ately, most nutrients did not change over time (Table 3).
For the PFD the intake of total and saturated fat, as well
as total n-6 PUFAs significantly decreased from shortly
after surgery to 6 months postsurgery. The intake of

sugar significantly decreased from shortly after surgery
to 12 months postsurgery, and the intake of fish and fish
products significantly decreased from 6 months to 12
months postsurgery. For the FFQ, the only significant
change was a decreased intake of sugar and alcohol from
the year before diagnosis to 12 months postsurgery.

Fish intake
In the PFD, 46 patients shortly after surgery, 49 at six
and 48 at 12 months postsurgery had eaten fish or fish
products during the 7 days of diet-registration. The
median daily intake of fish and fish products were 73, 79
and 67 g, respectively, of which 21, 16 and 26 g were
fatty fish (Table 3). Around surgery, the Spearman
correlation coefficients (Table 4) between intake of fish
and fish products recorded by the PFD and the bio-
marker as well as fatty fish intake and biomarker, ranged
from 0.14 to 0.25. At 6 months, the correlation coeffi-
cients between intake of fish and fish products and
biomarker ranged from 0.24 to 0.33 and for fatty fish
and biomarker from 0.15 to 0.27. At 12 months, the
correlation coefficients between intake of fish and fish
products and biomarker ranged from 0.16 to 0.27 and
for fatty fish and biomarker from 0.30 to 0.40.
In the FFQ, the median daily intake of fish and fish

products was 77 g the year before diagnosis and 79 g at
12 months, while intake of fatty fish was 21 and 20 g,
respectively. All but one patient reported consuming fish
or fish products the year before diagnosis and all
patients reported consuming fish or fish products at 12
months. The Spearman correlation coefficients (Table 4)
between intake of fish and fish products and biomarker
presurgery ranged from 0.03 to 0.05, while fatty fish
intake and biomarker ranged from 0.16 to 0.22. At 12
months the correlation coefficients for the intake of
fish and fish products and biomarker ranged from
0.13 to 0.23 and for fatty fish intake and biomarker
from 0.31 to 0.44.

Supplements with n-3 PUFAs
About 70–85% of the supplements reported contained
n-3 PUFAs and the supplements were a substantial con-
tributor to total n-3 PUFAs, EPA and DHA intake in the
current study. In the PFD, the number of patients taking

Table 1 Descriptive statistics of the patients by means, SD and
range, n = 49

Characteristics presurgery Mean SD Range

Age at diagnosis, years 54.2 7.8 38–69

Education, years* 16.2 3.4 8–24

Postmenopausal, no (%) 32 (65)

Smoking, no (%) 9 (18)

Height, cm 168.1 5.9 155–181

Weight, kg 70.4 11.7 48.5–97.1

BMI, kg/m2 24.8 3.4 20.2–33.2

Waist circumference, cm 86.8 11.1 69.0–112.5

Waist/hip ratio 0.86 0.06 0.75–1.00

Treatment (around 6–12 months)

Radiotherapy, no (%) 38 (78)

Chemotherapy, no (%) 30 (61)

Endocrine therapy, no (%) 31 (63)

SD Standard deviation
*n = 48

Table 2 The biomarker serum phospholipid fatty acids in wt% and quartiles (P25‚ 75), n = 49

Fatty acid,
wt%

Time 0 Time 6 Time 12

Median P25, 75 Median P25, 75 Median P25, 75

Sum n-3† 10.24 8.03–11.54 9.33 8.07–11.12 9.31 7.99–10.85

EPA 2.54 1.84–3.17 2.23 1.56–2.79 2.19 1.53–3.03

DHA 6.24 5.44–7.13 6.10 5.13–6.73 5.84 4.97–6.72

wt%: Weight percent
time 0: 2–8 days presurgery, time 6: 6 months postsurgery, time 12: 12 months postsurgery
†Sum n-3: ALA (18:3n-3), EPA (20:5n-3), DPA (22:5n-3), DHA (22:6n-3)
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supplements with n-3 PUFAs during diet-registration
was 24, 18 and 22 shortly after surgery, at six- and 12
months postsurgery, respectively. The correlation coeffi-
cients between intake of total n-3 PUFAs, EPA and
DHA from supplements and corresponding fatty acids
in serum phospholipids around surgery ranged from
0.03 to 0.06. At six and 12 months the range was from
0.33 to 0.58 (Additional file 1: Table S2). In the FFQ, 29
patients reported taking supplements containing n-3
PUFAs the year before diagnosis and 23 reported
taking it at 12 months. The correlation coefficients
between total n-3 PUFAs, EPA and DHA from sup-
plements and the corresponding fatty acids in serum

phospholipids ranged from 0.34 to 0.54 at both
time-points (See Additional file 1: Table S2).

N-3 PUFAs
The Spearman correlation coefficients between dietary
intake of n-3 PUFAs, EPA and DHA and the fatty acids
in serum phospholipids are shown in Table 5. The corre-
lations between the FFQ and the PFD ranged from 0.46
to 0.53 for total n-3 PUFAs, EPA and DHA around
surgery and 12 months postsurgery. The Spearman
correlation coefficients between the PFD and the bio-
marker around surgery ranged from 0.10 to 0.19, at 6
months the correlation coefficients ranged from 0.32 to

Table 4 Spearman correlation coefficients (ρ) between fish/fish products and fatty fish and biomarker, n = 49

Biomarker PFD FFQ

Fish and fish products Fatty fish Fish and fish products Fatty fish

Time‡ ρ 95% CI ρ 95% CI ρ 95% CI ρ 95% CI

Sum n-3† 0 0.19 −0.10, 0.45 0.21 −0.07, 0.47 0.03 − 0.25, 0.31 0.16 − 0.13, 0.42

6 0.32* 0.04, 0.55 0.27 −0.01, 0.52

12 0.24 −0.04, 0.49 0.40* 0.14, 0.61 0.20 −0.09, 0.46 0.43* 0.17, 0.64

EPA 0 0.14 −0.15, 0.40 0.18 −0.11, 0.44 0.05 −0.23, 0.33 0.20 −0.09, 0.45

6 0.24 −0.04, 0.49 0.15 −0.14, 0.41

12 0.16 −0.13, 0.42 0.39* 0.12, 0.60 0.13 −0.16, 0.39 0.31* 0.03, 0.54

DHA 0 0.25 −0.03, 0.50 0.23 −0.05, 0.48 0.04 −0.25, 0.32 0.22 −0.07, 0.47

6 0.33* 0.05, 0.56 0.26 −0.03, 0.50

12 0.27 −0.02, 0.51 0.30* 0.02, 0.54 0.23 −0.06, 0.48 0.44* 0.19, 0.65

CI Confidence interval, PFD pre-coded food diary, FFQ food frequency questionnaire
†Sum n-3: ALA (18:3n-3), EPA (20:5n-3), DPA (22:5n-3), DHA (22:6n-3)
‡time 0: around surgery (FFQ: presurgery, PFD: postsurgery, biomarker: presurgery), time 6: 6 months postsurgery, time 12: 12 months postsurgery
* p<0.05

Table 5 Spearman correlation coefficients (ρ) and cross-classification for selected fatty acids, n = 49

Fatty acid FFQ v. PFD PFD v. Biomarker FFQ v. Biomarker

Cross-classification Cross-classification Cross-classification

time‡ ρ 95% CI ST OT ρ 95% CI ST OT ρ 95% CI ST OT

n-3† 0 0.50* 0.26, 0.69 53 10 0.19 −0.09, 0.45 35 16 0.28* 0.00, 0.52 37 14

6 0.40* 0.13, 0.61 45 14

12 0.51* 0.27, 0.69 47 8 0.56* 0.33, 0.73 57 6 0.50* 0.26, 0.69 47 8

EPA 0 0.53* 0.30, 0.71 57 6 0.10 −0.18, 0.37 35 16 0.30* 0.02, 0.54 45 14

6 0.32* 0.04, 0.55 33 10

12 0.46* 0.20, 0.65 55 12 0.56* 0.33, 0.73 53 6 0.38* 0.11, 0.60 41 10

DHA 0 0.51* 0.27, 0.69 59 8 0.17 −0.12, 0.43 33 14 0.33* 0.05, 0.56 41 14

6 0.38* 0.11, 0.60 59 12

12 0.48* 0.23, 0.67 47 12 0.44* 0.18, 0.64 51 8 0.51* 0.27, 0.69 55 8

CI Confidence interval, PFD pre-coded food diary, FFQ food frequency questionnaire
Cross-classification, % classified in ST: same tertile, OT: opposite tertile, grossly misclassified
†n-3: sum n-3 (ALA (18:3n-3), EPA (20:5n-3), DPA (22:5n-3), DHA (22:6n-3)) for biomarker and total n-3 PUFAs for PFD/FFQ
‡time 0: around surgery (FFQ: presurgery, PFD; postsurgery, biomarker; presurgery), time 6: 6 months postsurgery, time 12: 12 months postsurgery
* p<0.05
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0.40 and at 12 months from 0.44 to 0.56. For the FFQ,
Spearman correlation coefficients with the biomarker
presurgery ranged from 0.28 to 0.33 and at 12 months it
ranged from 0.38 to 0.51.
When studying E % from the n-3 PUFAs (Table 6)

most of the correlation coefficients were not altered
much, except for a stronger correlation coefficient for
total n-3 PUFAs between FFQ and PFD around surgery
(from 0.50 to 0.66) and a weaker correlation for EPA
and DHA at 12 months (from 0.46 to 0.35 and from
0.48 to 0.38, respectively). The correlation coefficient for
DHA at 12 months between FFQ (E %) and biomarker
was also weaker than for crude intake (0.41 v. 0.51).
Cross-classification of patients by tertiles of reported

intakes and serum phospholipid n-3 PUFA, EPA and
DHA are shown in Tables 5 and 6. The percentages of
patients categorized in the same tertile were generally
higher at 12 months than around surgery, for PFD/bio-
marker 45–57% v. 31–41% and for FFQ/biomarker 41–
57% v. 37–49%, respectively. Furthermore, the percent-
ages of patients categorized in the opposite tertile, that
is grossly misclassified, were generally lower at 12
months than around surgery, for PFD/biomarker 6–10%
v. 14–16%, respectively. For FFQ/biomarker this pattern
was not apparent with 10-14% grossly misclassified pre-
surgery and 8-14% at 12 months postsurgery.
We also examined correlation coefficients according to

patient characteristics (e.g. menopausal status or BMI),
and treatment regime. The only significant difference
was when stratified by chemotherapy (yes/no) for intake
of EPA measured with the PFD and EPA in serum
phospholipid at 6 months (p = 0.002). The Spearman
correlation coefficient for the patients undergoing
chemotherapy (n = 30) was ρ − 0.05 and for the patients

not undergoing chemotherapy (n = 19) ρ 0.73. Mann-
Whitney test comparing intake of EPA and EPA in
serum phospholipids between the two strata demon-
strated a significantly lower level of EPA in serum phos-
pholipids in the patients undergoing chemotherapy (2.0
v. 2.6 wt%, p = 0.03) but no difference in intake of EPA.

Discussion
In this study, we observed acceptable/moderate correla-
tions between dietary intakes of total n-3 PUFAs, EPA
and DHA measured with the FFQ and PFD. The correla-
tions between the PFD and biomarker as well as between
the FFQ and biomarker were stronger at 12 months
postsurgery than around surgery. The same pattern was
observed for fatty fish. Intake of most nutrients, includ-
ing n-3 PUFAs, did not change during treatment
assessed by the FFQ or PFD.
The median intakes of macronutrients were in general

significantly higher in the FFQ than in the PFD, both
around surgery and 12 months postsurgery. In compari-
son, other studies have demonstrated conflicting results
when comparing an FFQ to a reference method.
However, most often the FFQ gives higher estimates
of macronutrient intake as well as intake of PUFAs
[20, 26, 33–38]. A study among elderly (age 67–
80 years) Norwegian women demonstrated a similar
pattern as the present study with generally higher
macronutrient intakes reported by a similar FFQ
compared to weighed food records [26].
The intake of fish and fish products, as well as fatty

fish, did not differ between the two dietary methods in
the present study. Compared to the intake of fish and
fish products reported by Norwegian women participat-
ing in the national Norkost 3 survey (age 18–70 years)

Table 6 Spearman correlation coefficients (ρ) and cross-classification for selected fatty acids, energy percent (E %) n = 49

Fatty acid FFQ v. PFD PFD v. Biomarker FFQ v. Biomarker

Cross-classification Cross-classification Cross-classification

time‡ ρ 95% CI ST OT ρ 95% CI ST OT ρ 95% CI ST OT

n-3† 0 0.66* 0.47, 0.80 55 4 0.20 −0.08, 0.46 41 14 0.33* 0.06, 0.56 39 12

6 0.39* 0.12, 0.60 45 12

12 0.48* 0.23, 0.67 57 10 0.52* 0.28, 0.70 49 6 0.53* 0.29, 0.70 57 10

EPA 0 0.58* 0.35, 0.74 51 4 0.08 −0.21, 0.35 31 16 0.35* 0.08, 0.58 49 10

6 0.27 −0.01, 0.51 37 16

12 0.35* 0.08, 0.57 53 18 0.51* 0.26, 0.69 55 8 0.36* 0.09, 0.58 49 14

DHA 0 0.59* 0.36, 0.74 59 8 0.18 −0.11, 0.44 41 14 0.38* 0.11, 0.60 43 12

6 0.39* 0.12, 0.60 53 14

12 0.38* 0.11, 0.60 47 16 0.40* 0.13, 0.61 45 10 0.41* 0.14, 0.62 43 8

CI Confidence interval, PFD pre-coded food diary, FFQ food frequency questionnaire
Cross-classification, % classified in ST: same tertile, OT: opposite tertile, grossly misclassified
†n-3: sum n-3 (ALA (18:3n-3), EPA (20:5n-3), DPA (22:5n-3), DHA (22:6n-3)) for biomarker and total n-3 PUFAs for PFD/FFQ
‡time 0: around surgery (FFQ: presurgery, PFD; postsurgery, biomarker; presurgery), time 6: 6 months postsurgery, time 12: 12 months postsurgery
* p<0.05
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the patients in our study reported around 20–40%
higher fish intake (depending on time-point). However,
fish intake in Norkost 3 is based on two 24 h recalls
which might be too few administrations to give a good
estimate on average fish-intake [39].
The intake of n-3 PUFAs among the patients in our

study was higher than reported by others [6, 40]. The
intake of total n-3 PUFAs was more than three times
higher, and the intake of EPA and DHA was more than
ten times higher than in an American study among
newly diagnosed breast cancer patients [6]. This latter
study is consistent with an other American study among
women at risk for breast cancer [40]. Further, EPA and
DHA in serum phospholipids were higher in patients in
the present study compared to breast cancer patients in
a Swedish study measured prediagnostic [41].
The correlations between intake of total n-3 PUFAs,

EPA and DHA measured with the FFQ and PFD were
acceptable/moderate and higher around surgery than
at 12 months postsurgery. The correlations were
within the same range or higher than demonstrated
in validation studies comparing FFQ to dietary re-
cords, weighed food records or 24 h recalls in healthy
adults [20, 42–44].
When comparing the PFD intake of total n-3 PUFAs,

EPA and DHA with corresponding fatty acids in serum
phospholipids, the timing of measurement was of great
importance. It is clear that the correlation coefficients
between PFD and serum phospholipid fatty acids were
low around surgery, higher at 6 months and the highest
correlation was observed at 12 months postsurgery.
There might be several reasons for this pattern. At six
and 12 months, the PFD was usually distributed the
same day or one of the nearby days as the blood
sampling, meaning that the biomarker represented the
diet days/weeks before it was measured with the PFD.
Around surgery, the blood sample was drawn 2–8 days
before surgery, and the PFD was distributed 10 +/−
2 days postsurgery. Due to different timing, especially
around surgery, the correlation coefficients observed
might be underestimates of the true correlations. It is
uncertain what kind of impact the breast cancer diagno-
sis or breast cancer surgery might have had on the actual
diet around surgery or on filling in the quite extensive
PFD. What is certain is that a breast cancer diagnosis
can induce stress, and the level of stress might change
from the time of diagnosis throughout the treatment
period [45, 46]. It might be that our patients actually ate
differently or changed their diet at the time of filling in
the PFD compared to when the blood samples were
drawn, although there were minimal changes throughout
the year postsurgery. When it comes to filling in the
PFD, it can be questioned if the workload of that task
was too much, or that the patients could not put focus into

it so soon after diagnosis. Also, repeated administrations of
the PFD would pose a learning-effect in both the respond-
ent and the study personnel throughout the study period.
With the FFQ, the timing of blood sampling and map-

ping of diet coincided better than for the PFD because
of the retrospective nature of the FFQ. Both presurgery
and 12 months postsurgery, the FFQ was distributed at
the same time as the blood sample was drawn. The
difference between the two time-points is that FFQ pre-
surgery represented last year’s diet and at 12 months it
represented the last month while the biomarker at both
points represented the intake the last days or weeks.
This might be an explanation for the stronger correla-
tions seen at 12 months. Previously, studies have
demonstrated that length of the reference period for the
FFQ is of importance; the FFQs that report the diet the
last month have somewhat higher correlations with the
reference method in comparison to the ones reporting
the diet the last year [47].
Even though the setting of our study was patients with

breast cancer or DCIS-grade III undergoing treatment,
the diet seemed quite stable. In particular, the dietary in-
take of total n-3 PUFAs, EPA and DHA in the FFQ and
PFD did not change over the year. In the FFQ, only the
intake of sugar and alcohol decreased from prediagnosis
to 12 months postsurgery. The decrease in alcohol
intake might have been due to the advice on restricting
alcohol intake to a moderate level. On the contrary, such
a decrease was not seen in the PFD and absolute intake
of alcohol was also higher in the PFD at 12 months
compared to FFQ, but no difference around surgery. We
may question whether this difference in reporting of
alcohol intake is a social desirability trait linked to the
FFQ to a greater extent than to the PFD [48–51]. There
were some changes in the diet from shortly after surgery
to 6 months (decreased intake of total and saturated fat
and total n-6 PUFAs) and from six to 12 months
(decreased intake of fish and fish products). The changes
around 6 months postsurgery might be because the
time-point coincided with the time of most extensive
treatment for most of the patients. It has previously been
demonstrated that breast cancer patients going through
chemotherapy have an overall lower energy intake com-
pared to healthy women, characterized by lower intake
of protein, fat and alcohol [52, 53]. On the contrary,
chemotherapy has also been associated with an in-
creased overall appetite and appetite for spicy and salty
food [54]. Studies have further indicated that breast
cancer patients are at risk for weight gain during and
after chemotherapy, where both behavioural and physio-
logical factors have been described to contribute to this
weight gain [54, 55]. Approximately 30 to 60% of breast
cancer patients have previously reported that they chan-
ged their eating habits after breast cancer diagnosis [10].
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However, most studies are based upon data gathered a
long time after diagnosis and by questionnaires asking
about changes in the diet or by semi-quantitative FFQs
recalling diet both before and after diagnosis [10].
The sum n-3 PUFAs, EPA and DHA in serum phos-

pholipids did not change from prediagnosis to 12
months postdiagnosis and Lindberg et al. have previ-
ously demonstrated that the long-term tracking (over 3
years) of the biomarker (plasma phospholipid n-3
PUFAs) was highly significant [22]. However, there are
several factors that can potentially influence the level of
serum phospholipid fatty acids besides the dietary intake
[56]. The presence of a breast tumour may possibly
affect the fatty acid composition in serum phospholipids
because lipid metabolism may be altered in breast cancer
[57–59], but it is uncertain if and how it may influence
our results. Also, both chemo- and hormonal therapy
have been demonstrated to affect lipid metabolism
[60, 61]. In this study, we stratified the patients ac-
cording to treatment regime, to see if the treatment
regime influenced the correlations between EPA/DHA
intake and serum phospholipid fatty acids at any time
point. The only significant difference found was the
correlation between intake (PFD) and serum phospho-
lipid EPA in the non-chemotherapy group (ρ 0.73)
versus chemotherapy group (ρ − 0.05) at 6 months.
The patients receiving chemotherapy had a signifi-
cantly lower level of EPA in serum phospholipids, but
there was no difference in the dietary intake. This
single finding supports previous findings on chemo-
therapy and altered lipid metabolism [60, 61] and
may indicate a limitation with our study. We also
stratified the patients according to menopausal status,
alcohol intake and BMI as both estrogen [16, 62], age
[62, 63] and alcohol intake [64] have been suggested
to influence serum phospholipid EPA/DHA, and obes-
ity has been associated with altered lipid metabolism
[59, 61]. However, we found no significant differences
between the strata. Importantly, the number of pa-
tients in this study was low, and other possible find-
ings might be underestimated due to lack of power.
Further, there are not made any adjustments for the
multiple testing performed in this study.
In the present study the PFD, FFQ and biomarker

were compared to each other at each time-point separ-
ately to demonstrate the differences seen throughout the
year after diagnosis. The validation approach included
comparisons of the dietary assessment methods me-
dians, the correlations between the methods as well as
with the biomarker and cross-classification of consump-
tion/concentrations into tertiles [65]. Because three
methods were compared in this study, the method of tri-
ads could have been performed. However, due to small
sample size and low correlation coefficients at some

time-points, it was concluded that it would probably
have generated several Heywood cases (the appearance
of validity coefficients greater than one) and would not
have given any additional information. The method of
triads was therefore not conducted [66].

Conclusion
The diet of patients with breast cancer or DCIS-grade
III undergoing adjuvant treatment was quite stable and
the intake of n-3 PUFAs did not change the year after
surgery. However, our study suggests that the timing of
mapping the diet is of importance. The FFQ and PFD in
this study can be used to assess dietary intake of n-3
PUFAs and food sources of n-3 PUFAs in breast cancer
patients during treatment, though the PFD shortly after
surgery should be used with caution. This study demon-
strates the importance of validating the dietary assess-
ment tool within the patient-group it is intended to be
used in as the patients’ situation and diagnosis may
influence the choice of tool and usage.
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