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Summary
Long chain n3 fatty acids appear to have beneficial effects in several domains of health relevant to
breast cancer survivors. This study evaluated inter-individual differences in serum levels of n3
fatty acids in 40 breast cancer patients who were participating in a pilot study for prevention of
weight gain. Significant predictors of baseline n3 fatty acid levels in serum were dietary intakes of
n3 fatty acids, BMI, serum levels of carotenoids and TV hours watched/day, accounting for 43%
of the variance. Counseling for prevention of weight gain also tended to increase n3 fatty acid
blood levels over time during chemotherapy.
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Introduction
Maintenance of n3 fatty acid levels is of particular relevance to breast cancer patients and
survivors. Increased n3 fatty acid levels have been linked with lower rates of breast cancer
recurrence and mortality.1 Fish oils appear to sensitize breast tumors to chemotherapy. 2–4 In
addition to having anti-tumor effects, n3 fatty acids may have a role in improving other
aspects of health in breast cancer survivorship. Fish oils are known to reduce blood
triglyceride levels, to improve immunity, decrease inflammation, decrease cardiovascular
risks and maintain mental health. 5–9

Interestingly, better quality diets and higher flavonoid intakes can increase n3 fatty acid
levels independently of dietary n3 fatty acid intakes. 10, 11 Overweight/obesity also is
important, and high body mass index (BMI) attenuated the response of tissue and serum
fatty acids to supplementation with the fish oil n3 fatty acids eicosapentanoic acid (EPA,
20:5 n3) and docosahexaenoic acid (DHA, 22:6 n3) in women at high risk for breast
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cancer. 12 Conversely, weight loss increased n3 fatty acid levels independently of changes in
dietary intakes. 13

The aim of the present study was to evaluate the factors that contribute to n3 fatty acid blood
levels in breast cancer patients who were participating in a randomized trial to prevent
weight gain during chemotherapy. We examined the dietary and non-dietary factors that
contributed to n3 fatty acid blood at study entry, which was at the start of chemotherapy, and
changes over time.

Methods
Subjects and Assessments

Women at the start of chemotherapy for stage I-IIIA breast cancer were eligible, as
previously described. 14 The study was approved by the University of Michigan Institutional
Review Board (HUM000012524, Clinical Trials registration NCT00583726). All
participants received written materials on diet and exercise, a pedometer and a bimonthly
study newsletter on healthy living. Subjects randomized to the intervention arm received
educational materials developed for the study and telephone counseling from a registered
dietitian for increasing fruit and vegetable intakes, decreasing fat intake and increasing
physical activity to prevent weight gain during treatment. 14

All study participants were asked to complete assessment visits at baseline, six months and
twelve months. At these visits, subjects were weighed, and filled out questionnaires.14

Physical activity was assessed using a validated questionnaire from the Women’s Health
Initiative 15. Dietary intakes of fatty acids were assessed at each study visit by 24-hour
recalls using a modified USDA five-pass method. 16, 17 The recalls were analyzed for
nutrient intakes using the Nutrition Data System Research Software (University of
Minnesota, Nutrition Coordinating Center, database and software version 2008). Fasting
blood samples also were drawn. Diagnosis and treatment information was abstracted from
patient medical charts.

Blood Measures
For analysis of fat-soluble micronutrients in serum, HPLC analysis was used, as described
previously.18 Fatty acid analysis was performed by GC-MS of fatty acid methyl esters
(FAME) using METH-PREP II derivatization reagent (Alltech, Deerfield, IL). Quantitation
was done using standard curves 19. Levels of n3 fatty acids were calculated either as total n3
fatty acids (the sum of 18:3, 20:5 and 22:6), long-chain n3 fatty acids (20:5, 22:6) or the n3
highly unsaturated fatty acids (HUFA) index that is a ratio of n3 fatty acids to all fatty acids
20 carbons or longer. 20

Statistical Methods—All analyses were done with SPSS version 17.0. Potential
predictors of baseline n3 fatty acid levels were initially identified from Spearman correlation
coefficients. Predictors that remained statistically significant in the regression model were
retained in the final model. Spearman correlations were also used to evaluate if change in n3
fatty acids over time was related to changes in body weight, blood measures of health risks,
or well-being from the FACT questionnaire. Changes over time by the study arms for n3
fatty acids were evaluated using a mixed linear regression model with time-varying serum
n3 fatty acid as output and study arm assignment as the primary between-subject predictor.
The primary within-subject predictors were the visit indices and visit-arm interaction. The
model was further controlled for using the time-varying effects of BMI, dietary intakes of n3
fatty acid, total serum carotenoids, and the baseline measure of hours of TV watched per
day. Clustering within repeated measurements on a subject was accounted for using a
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random intercept due to subject. Model diagnostics including residual plots and Box-Cox
transformations on the residuals were carried out. Logarithm of serum n3 fatty acid was used
as the outcome in the final model as suggested by Box-Cox transformation approach.

Results
Subject Characteristics

Breast cancer stage was not significantly associated with blood levels of total n3 fatty acids
at baseline, although there was a trend for levels to be lower with advancing stage of cancer:
Stage I 4.34% (SD 1.34, n=7), Stage II 4.19 (SD 1.55, n=23), Stage III 3.17 (SD 0.76,
n=10). All the subjects received chemotherapy and steroidal medications. Women who had
(n=20) or had not started chemotherapy (n=20) did not have significantly different dietary
intakes of n3 fatty acids (p=0.49), blood levels of n3 fatty acids (p=0.80) or any other blood
measures by the two-sample t-test. At the 12 month visit, subjects not taking any form of
breast cancer therapy did not have significantly different levels of serum n3 fatty acids than
those who were (p=0.40).

Baseline Predictors of n3 fatty acid blood levels—Both dietary and supplement
intakes of n3 fatty acids were correlated with blood levels of n3 fatty acids (p<0.05 in each
case), and we therefore chose total n3 fatty acids intakes as the dietary variable for the
model. Fish oils have good bioavailability.12 Fish oil supplements were used by eight
women at any time during the study.

The second potential predictor evaluated was body weight and associated measures. Both
BMI and body fat from DXA measures were significantly correlated with n3 fatty acid
blood levels. In the regression models, results were similar with either measure but were
generally stronger with BMI; therefore, BMI was used in the final model (Table 1).

Both total physical activity and moderate-vigorous physical activity, in hours/week, also
were significantly correlated with n3 fatty acid blood levels at baseline. Hours per day spent
watching TV, however, was correlated to a stronger extent with serum levels of n3 fatty
acids and was a stronger predictor in the regression model than hours per day of physical
activity. In the model that included TV hours/day (Table 1), the addition of physical activity
was not significant predictor and did not improve the regression coefficient.

Finally, fruit and vegetable intakes were significantly associated with n3 fatty acid blood
levels, and the correlation with blood carotenoid levels was even stronger. Blood
carotenoids can be used as an unbiased measure of fruit and vegetable intakes 21. We
therefore evaluated blood carotenoids as a predictive variable.

In the model shown in Table 1, 44% of the inter-individual variation in total n3 fatty acid
blood levels was explained by dietary intake, BMI, hours of TV watched/day and blood
carotenoid levels. The same predictors explained a similar percentage of the variance in
serum levels of n3HUFA (41%), long chain n3 fatty acids (40%) and the n3/n6 ratio (39%).

Changes in n3 fatty acid blood levels over 12 months—During 12 months of
study, there was a trend for n3 fatty acid blood levels to increase in the more intensive
intervention arm but not in the group that received written materials only (Figure 1). This,
however, did not reach statistical significance in the ANOVA model. Similar to the situation
at baseline, levels of total n3 fatty acids at 12 months were significantly correlated with total
dietary intakes of n3 fatty acids, BMI, percent body fat and total levels of serum carotenoids
(p<0.025 in each case).
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Discussion
The n3 fatty acids EPA and DHA, as well as linolenic acid (18:3 n3) that can be elongated
and desaturated to form EPA and DHA, are of interest for health because of their anti-
inflammatory effects. 22 This is of particular relevance to breast cancer survivors because of
the links between inflammation and adverse breast cancer outcomes. 23 Several of the
lifestyle factors that have been shown to influence breast cancer outcomes, including
obesity, diet quality and physical activity, could exert their anti-inflammatory effects in part
by affecting n3 fatty acids levels.

Better quality diets have been shown to increase n3 fatty acid levels independently of dietary
n3 intakes. 24, 25 This could be due to effects of phytochemicals on fatty acid metabolism. In
rats, fish oil increased plasma n3 fatty acids to a significantly greater extent when given
concurrently with an anthocyanin-rich diet, perhaps resulting from the effects of flavonoids
on desaturase activity 26. This mechanism also appears to contribute to the effects of wine
on increasing n3 fatty acid levels since wine is high in flavonoids. 27, 28

Another aspect of a healthy lifestyle, namely physical activity, also has been positively
associated with n3 fatty acid levels. 29, 30 Conversely, obesity negatively affected n3 fatty
acid blood levels in healthy adults. 31 Given that an important concern after a breast cancer
diagnosis is weight gain, this data supports fatty acid metabolism as one mechanism by
which a combined diet and physical activity intervention could improve outcomes in breast
cancer. 32–34

Conclusions
These results indicate that counseling for an active lifestyle with control of weight gain and
good diet quality can contribute to increased n3 fatty acid blood levels in the absence of
specific advice to increase dietary intakes of n3 fatty acids. Time spent watching TV was a
stronger predictor of n3 fatty acid levels than physical activity. The study was small, but the
results indicate that several aspects of a healthy lifestyle can work together to increase n3
fatty acid blood levels in breast cancer patients.
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Fig. 1.
Total n3 fatty acids in serum over time in breast cancer patients who started on study at the
beginning of chemotherapy. Subjects in the telephone arm received dietary and exercise
counseling from a registered dietitian for prevention of body weight gain. The n3 fatty acids
were not significantly different between diet arms in this pilot study at baseline (p=0.643), 6
months (p=0.082) or 12 months (p=0.117). The p-values are from a mixed linear regression
model of log n3 fatty acid in serum adjusted for BMI, hours of TV, dietary intake of n3 fatty
acid, and total carotenoid in serum. Results were similar for fatty acids expressed as n3
HUFA or n3/n6 ratios.
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Table 1

Predictors of baseline n3 fatty acid levels in breast cancer patients from hierarchical regression analysis

Predictor a β Coefficient Adjusted R square b Significance c

Dietary intake n3 fatty acids 0.342 0.170 0.006

BMI (kg/m2) −0.217 0.259 0.027

Blood levels of carotenoids d 0.214 0.327 0.041

Hours TV/day −0.356 0.435 0.010

a
All variables were at study entry (baseline). Dietary intake of n3 fatty acids included that from 24-hour recalls of diet as well as from all

supplements reported as taken in the past two weeks.

b
The adjusted R square from the hierarchical regression analysis increases as variables are entered in the model, accounting for 43.5% of the inter-

individual variance in blood levels of n3 fatty acids when all four variables are present.

c
Significance is the p-value for the F change.

d
Blood levels of carotenoids were calculated the sum of lutein, zeaxanthin, lycopene, β-carotene, α-carotene and β-cryptoxanthin.
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