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ABSTRACT
Background: Sarcopenia may hasten the risk of mortality in women with breast cancer. Long-chain omega-3 (n–3)
polyunsaturated fatty acids (LCn–3PUFAs) may favor muscle mass which, in turn, could enhance resilience of cancer
patients toward cancer treatment.
Objectives: The objective of this study was to measure the relation of erythrocyte LCn–3PUFA concentrations with
lean mass, grip strength, and postprandial energy metabolism in women with newly diagnosed breast cancer.
Methods: This cross-sectional analysis evaluated women (n = 150) ages 65 y and younger who were recently diagnosed
with breast cancer (stages I–III). Erythrocyte LCn–3PUFA composition was measured using GC. Body composition was
measured by DXA. Grip strength was assessed at the same visit. Postprandial energy metabolism was measured for
7.5 h after the consumption of a high-calorie, high-saturated-fat test meal using indirect calorimetry. Associations of fatty
acids with outcomes were analyzed using multiple linear regression models and linear mixed-effects models.
Results: The ω-3 index, a measurement of LCn–3PUFA status, was positively associated with appendicular lean mass
(ALM)/BMI (β = 0.015, P = 0.01) and grip strength (β = 0.757, P = 0.04) after adjusting data for age and cancer stage.
However, when cardiorespiratory fitness was also included in the analyses, these relations were no longer significant
(P > 0.08). After a test meal, a higher ω-3 index was associated with a less steep rise in fat oxidation (P = 0.02) and a
steeper decline in glucose (P = 0.01) when adjusting for age, BMI, cancer stage, and cardiorespiratory fitness.
Conclusions: The ω-3 index was positively associated with ALM/BMI and grip strength in women newly diagnosed
with breast cancer and was associated with altered postprandial substrate metabolism. These findings warrant further
studies to determine whether enriching the diet with LCn–3PUFAs during and after cancer treatments is causally linked
with better muscle health and metabolic outcomes in breast cancer survivors. J Nutr 2021;151:2125–2133.

Keywords: fish oil, lean mass, grip strength, postprandial metabolism, breast cancer, diet history questionnaire,
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Introduction
Breast cancer and breast cancer treatment are each associated
with increased risk of weight gain, weakness, fatigue, and
cardiometabolic diseases (1, 2). In addition, several studies
indicate that sarcopenia at the time of breast cancer diagnosis
increases a woman’s risk of mortality in older women and
women with nonmetastatic breast cancer (3–6).
Some (7–9) but not all (10) observational studies show that
long-chain omega-3 polyunsaturated fatty acids (LCn–3PUFAs)
are positively associated with higher lean mass, muscle strength,

and postprandial metabolism. Mechanisms of LCn–3PUFAs
purported to affect body composition and cardiometabolic
health outcomes are linked with reduced systemic and musclespecific inflammation (11). In addition, LCn–3PUFAs may
influence energy metabolism by increasing lipid oxidation to
form energy (12). Yet, randomized controlled trials testing the
effects of dietary LCn–3PUFAs, through either foods and/or FO
supplements, on lean mass and energy metabolism have yielded
inconsistent effects (12–14).
Anabolic effects of LCn–3PUFA supplementation on muscle
strength and lean mass have been shown when combined with
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Methods
Data from the baseline visit of a longitudinal study of women with
newly diagnosed breast cancer (stages I–IIIA) were used for this study
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(NCT00385723). A total of 150 women ages 65 y and younger from the
greater Columbus, Ohio area postsurgery and before adjuvant therapy
were enrolled in the parent longitudinal study (September 2016–August
2019; see Figure 1). Flyers and regular contact with oncologists at
area breast cancer clinics facilitated recruitment. For most women, the
clinical research visit occurred at ∼4 wk postsurgery. This study was
approved by The Ohio State University Cancer Center Institutional
Review Board and was conducted in accordance with the ethical
standards as laid down in the 1964 Declaration of Helsinki. Written
informed consent was obtained before enrollment.

Clinical visit
A few days before the clinical research visit, each participant was
supplied with 3 standard meals and instructed to consume these foods
on the day before the clinical visit. The standard meals were prepared
and packaged in our metabolic kitchen and were composed of the
following approximate energy distribution: 30% kcal fat, 55% kcal
carbohydrates, and 15% kcal protein. To ensure that each woman
received the appropriate amount of total energy for the prestudy
day, meals were individualized based on height, weight, age, and
activity level. Women arrived at the research clinic between 07:00 and
09:00 in the morning after a 12-h fast. After being settled in a quiet
room, blood pressure was measured, then a fasting blood sample was
obtained, before women received a research test meal that resembled a
standardized fast-food-type meal.
The research test meal was designed to mimic a large high-fat
breakfast (26) providing 930 kcal/serving [60% kcal from fat (60 g),
25% kcal from carbohydrates (59 g), and 15% kcal from proteins
(36 g)]. The fat composition was mostly saturated (36.06 g) with less
from monounsaturated (14.22 g) and polyunsaturated (4.45 g) fats per
serving. The meal contained eggs, turkey sausage, biscuits, and gravy.
Water and decaffeinated beverages were served with the meal. Women
were instructed to finish the entire test meal within 20 min in the
presence of an observer researcher.
Participants remained in the clinical research center for ∼7.5 h after
completion of the test meal without further food but were provided
water. During intervals when participants did not have experimental
tasks including indirect calorimetry and blood pressure monitoring,
participants were provided with segments of nature videos for viewing.

Fatty acid composition of erythrocytes
The fasting blood sample was prepared for packed erythrocytes to
provide biomarker data of habitual fatty acid intake (27). Erythrocytes
were prepared from whole blood as described by Harris and Thomas
(27). A gas chromatograph equipped with a 30-m Omegawax™ 320
fused silica capillary column (Supelco) and flame ionization detector
was used to measure the fatty acid composition of erythrocytes (28).
Fatty acid data are expressed as g/100 g; the ω-3 index (%) is calculated
as erythrocyte EPA (%) + DHA (%) (29).

Indirect calorimetry and blood pressure
Postprandial indirect calorimetry (Deltatrac Metabolic Cart, SensorMedics) measurements quantified inspired oxygen and expired
carbon dioxide (VO2 and VCO2 ) for 10-min periods every 30 min
after consuming the test meal. Patients were equipped with a facemask
while lying in a supine position on a bed at a 20◦ angle. Deltatrac is a
well-respected instrument with accuracy of 3.0% for gas exchange and
0.2% for calculating the respiratory quotient (30). Blood pressure was
measured after arrival and approximately each hour after consuming
the test meal using an automated system (Dinemap/Critikon 1846SX/P).

Body composition
Body composition was assessed using DXA (model DPX-NT, software
version 5.60; GE Lunar). Lean mass is often expressed as appendicular
lean mass (ALM)/BMI owing to the fact that the Foundation of the
NIH (FNIH) uses this unit of measurement for cutoff values to diagnose
sarcopenia (31). From previous studies the typical within-subject CV
is 1.09% for ALM/BMI and 1.83% for trunk adiposity (g) in women
(10).
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exercise in older adults (13, 15). The increase of lean mass
by LCn–3PUFA supplementation is associated with improved
physical strength (13) or other measures of muscle function
[reviewed in (14)]. The mechanisms of LCn–3PUFAs increased
postprandial protein synthesis (16) and altered energy substrate
utilization (17, 18), suggesting these pathways are linked with
the muscle quality improvements.
There is an increasing appreciation of metabolic inflexibility, the inability to switch substrate utilization for energy
metabolism, as a correlate with obesity and insulin resistance
(19). In particular, an inability to adjust substrate utilization
to respond to substrate availability occurs in people with
insulin resistance, type 2 diabetes, and muscle wasting or
loss. Fish oil (FO) supplementation improved postprandial
substrate switching (17). Whether or not having higher blood
concentrations of LCn–3PUFAs is associated with postprandial
differences of substrate utilization has not, to our knowledge,
been measured in people at risk of weight gain and muscle
loss, such as cancer patients who will be undergoing cancer
treatments.
Usage of dietary supplements may change after a cancer
diagnosis (20–22). Women with breast cancer are among
the demographic groups reporting the highest consumption
of nonvitamin, nonmineral, dietary supplements (23). In
particular, FO, rich in LCn–3PUFAs, e.g., EPA (20:5n–3),
docosapentaenoic acid (DPA; 22:5n–3), and DHA (22:6n–3),
is a dietary supplement frequently used by women without or
with breast cancer and is increasing in popularity (20). Whether
those reporting the usage of FO supplements show changes of
biomarkers of LCn–3PUFA consumption, such as in blood, is
not usually reported. However, 1 study reported a higher ω-3
index in adults reporting the usage of FO supplements (24).
Prospective studies show that women with breast cancer who
have higher lean mass before cancer treatments tend to maintain
better short- and long-term outcomes, e.g., reduced weight gain,
chronic fatigue, cardiotoxicity, and metabolic syndrome (6, 25).
In this study, we tested the hypothesis that higher ω-3 index, a
biomarker of LCn–3PUFA exposure, was associated with higher
lean mass, stronger grip strength, and higher postprandial
oxidation of lipids for energy production in women with breast
cancer. Further, because of the popularity of FO usage among
adults in the United States, we explored whether women who
reported using FO supplements had higher biomarkers of longchain ω-3 fatty acids in erythrocytes.

Typical dietary behavior and dietary supplement
usage
The Diet History Questionnaire-II (DHQII; Version 2.0), an FFQ
developed by National Cancer Institute staff (32, 33), was completed
by participants at the clinical research visit. The DHQII asks about
intake in the last year and includes questions about portion size. Usage
of medications and dietary supplements was reported by participants at
the clinical visit after a prompted question by an interviewer. The types
of supplements used were also reported. For the purposes of this study,
participants were classified as FO users if they reported current usage
of FO or ω-3 supplements.

Cardiorespiratory endurance
Cardiorespiratory endurance, the gold-standard measure of physical
fitness (34), was evaluated before the clinical visit using a graded
cycle ergometry exercise test, starting at 25 W and increasing by
25 W every 2 min, with continuous monitoring via 12-lead EKG
(MedGraphics Cardio2, Cardio Perfect). Peak oxygen consumption
(VO2peak ) was calculated from 10-s means of breath-by-breath expired
air (MedGraphics Cardio2, Breeze Suite). Data are expressed as mL
oxygen consumption · kg body weight−1 · min−1 . To avoid influencing
meal responses, this session occurred on a separate day from the clinical
visit.

Statistical analysis
Comparisons between FO supplement users and nonusers were conducted with 2-sample t tests and chi-square tests. Pearson correlations
were used to quantify associations among LCn–3PUFAs from the
dietary intake data and quantified in erythrocytes. Associations between
fatty acids and body composition and muscle function variables were
estimated using linear regression models. All models adjusted for
age and cancer stage. Models for trunk adipose in addition adjusted
for BMI. Models for grip strength in addition adjusted for BMI
and handedness. Trajectories of postprandial outcomes (fat oxidation,
glucose, insulin, resting energy expenditure) were modeled using linear
mixed-effects models with a random intercept for subject to account
for the within-subject correlation over time. In these models, time
was treated as continuous (h postmeal), with the interaction between
premeal concentrations of erythrocyte fatty acids and time of primary
interest. Additional covariates included the premeal concentration of

the outcome, age, trunk adipose, and cancer stage. All models were
run twice, once as described and again in addition controlling for
VO2peak (and the VO2peak -by-time interaction in the mixed models).
P values <0.05 were considered statistically significant. To visualize
the interaction between premeal erythrocyte fatty acids and time,
estimated slopes were calculated at the 25th and 75th percentiles
of premeal erythrocyte fatty acids. All analyses were conducted in
Stata version 14.2 (Stata Statistical Software, Release 14; StataCorp
LP).

Results
After recruitment was completed, most women identified as
being Caucasian, had completed high school, and were overweight. There were no differences between women reporting
and not reporting FO supplement usage for demographic or
other characteristics (Table 1).
Because cardiorespiratory endurance is often associated with
lean mass and body composition, cardiorespiratory endurance
was measured in all women during an entry visit before
the clinical visit for body composition, grip strength, blood
collection, and postprandial tests. Cardiorespiratory endurance
was strongly related to lean mass, grip strength, blood pressure,
and substrate utilization (Supplemental Table 1) and was
therefore excluded then included in each of the models testing
for relations of erythrocyte LCn–3PUFAs with muscle health
and postprandial substrate utilization. Neither the ω-3 index
nor individual LCn–3PUFAs in erythrocytes were associated
with cardiorespiratory fitness (Supplemental Table 1).
The ω-3 index was positively associated with ALM/BMI
after adjusting for age and cancer stage (P = 0.01)
(Table 2). For every 1-unit increase of the ω-3 index, there was
a 0.015-unit increase in ALM/BMI. In addition, erythrocyte
DHA was positively associated with ALM/BMI (P = 0.01)
after adjusting for age and cancer stage. Neither the ω-3 index
nor any individual LCn–3PUFA was related to ALM/BMI after
Omega-3 index, body composition, and breast cancer
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FIGURE 1 Flow diagram of screening and enrollment for the study cohort. DCIS, ductal carcinoma in situ; LCIS, lobular carcinoma in situ; V,
visit.

TABLE 1 Demographic and descriptive data of women with newly diagnosed breast cancer1
Supplement nonusers
(n = 131)

52.5 ± 10.1

51.9 ± 10.2

13 (9)
129 (86)
3 (2)
5 (3)

11 (8)
112 (86)
3 (2)
5 (4)

2 (11)
17 (89)
0 (0)
0 (0)

4 (3)
146 (97)

4 (3)
127 (97)

0 (0)
19 (100)

3 (2)
19 (13)
38 (25)
46 (31)
44 (29)
28.7 ± 5.8
77.4 ± 16.1

3 (2)
18 (14)
35 (27)
42 (32)
33 (25)
28.9 ± 5.9
78.0 ± 16.3

0 (0)
1 (5)
3 (16)
4 (21)
11 (58)
27.3 ± 5.3
73.8 ± 14.8

0.022 ± 0.027
0.041 ± 0.042

0.020 ± 0.026
0.038 ± 0.039

0.030 ± 0.032
0.056 ± 0.056

0.494
2.48
3.65
4.14
20.9

±
±
±
±
±

0.269
0.401
1.13
1.28
5.8

74 (49)
71 (47)
5 (3)

0.443
2.44
3.55
3.99
20.8

±
±
±
±
±

0.192
0.358
1.11
1.20
5.8

63 (48)
65 (50)
3 (2)

Supplement users
(n = 19)
56.3 ± 8.1

0.837
2.77
4.35
5.18
21.5

±
±
±
±
±

0.431∗∗
0.549∗∗
1.11∗∗
1.39∗∗
5.3

11 (58)
6 (32)
2 (11)

Values are mean ± SD or n (%). ∗∗ Different from FO supplement users, P < 0.01. DPA, docosapentaenoic acid; GED, General
Educational Development.
2
Data availability: intake from foods: n = 126 (110 users, 16 nonusers).
3
Data availability: erythrocyte fat composition: n = 148 (129 users, 19 nonusers).
4
Data availability: cardiorespiratory endurance: n = 146 (128 users, 18 nonusers).
1

data were adjusted for cardiorespiratory fitness. Neither the ω-3
index nor individual LCn–3PUFAs were associated with trunk
adipose mass as measured by DXA (P > 0.2 for all).
The erythrocyte ω-3 index (P = 0.04), erythrocyte EPA
(P = 0.02), and erythrocyte DPA (P = 0.03) were each associated with stronger right-handed grip strength after adjusting
for dominant hand, BMI, age, and stage of cancer (Table 2). For
every 1-unit increase in ω-3 index there was a 0.755-kg increase
in grip strength. These associations disappeared in models for
left-handed grip strength, with only DPA remaining significant
(P = 0.02) (Table 2).
Postprandial energy metabolism was measured by indirect
calorimetry after consumption of a high-saturated-fat test
meal. A higher ω-3 index was associated with a less steep
rise in oxidation of fats after the test meal when data were
adjusted for age, trunk adipose, cancer stage, baseline value,
and cardiorespiratory fitness (Table 3; Figure 2). Higher LCn–
3PUFAs, e.g., EPA, DPA and ω-3 index, were each associated
with a steeper decline in glucose concentrations after a meal
challenge (Table 3). In addition, erythrocyte DPA was associated
with a steeper decline of postprandial insulin (Table 3). After the
meal, there was an inverse relation between erythrocyte EPA and
decline of postmeal energy expenditure: as EPA increased, there
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was a steeper decline of energy expenditure after consuming
the high-fat meal (Table 3). In contrast, as erythrocyte DHA
increased there was a less steep decline of energy expenditure
after adjusting for cardiorespiratory fitness.
Dietary intake of LCn–3PUFAs as assessed by the DHQII
was not associated with ALM/BMI, trunk fat, or grip strength
(Supplemental Table 2).
Thirteen percent (19 of 150) of women who were newly
diagnosed with breast cancer reported using FO supplements
(e.g., FO users). FO users had a significantly higher ω-3 index
and significantly higher erythrocyte concentrations of EPA,
DPA, and DHA than FO nonusers (Figure 3, Table 1), and these
differences remained after adjusting for BMI. Reported intake
of LCn–3PUFAs (calculated per 1000 kcal) from food sources
was significantly correlated with erythrocyte concentrations for
DHA and the ω-3 index in the overall cohort and among FO
nonusers (Table 4). Reported intake of EPA was significantly
correlated with erythrocyte concentrations of EPA among FO
nonusers only (Table 4). Among FO supplement users these
relations between reported LCn–3PUFA foods and erythrocyte
concentrations of LCn–3PUFAs or the ω-3 index disappeared;
notably, the sample size of FO users was small (n = 19; see
Table 1).
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Age, y
Race
Black or African American
Caucasian
Asian
Other races
Ethnicity
Hispanic or Latino
Not Hispanic or Latino
Education
Some high school
High school diploma or GED
Some college
College degree
Graduate school/professional
BMI, kg/m2
Weight, kg
Intake from foods,2 g/d
EPA
DHA
Erythrocyte fat composition,3 %
EPA
DPA
DHA
ω-3 Index
Cardiorespiratory endurance,4 mL · kg−1 · min−1
Breast cancer stage
Stage 1
Stage 2
Stage 3

All
(n = 150)

TABLE 2 Associations of erythrocyte fatty acids with body composition and muscle function, with and without controlling for
VO2peak , among women newly diagnosed with breast cancer1
No VO2peak (n = 147)
Predictor

Appendicular lean mass/BMI

DHA
DPA
EPA
ω-3 Index
DHA
DPA
EPA
ω-3 Index
DHA
DPA
EPA
ω-3 Index
DHA
DPA
EPA
ω-3 Index

Trunk adipose mass

Grip strength right hand

Grip strength left hand2

1
2

Estimated slope ± SE
0.017
0.003
0.048
0.015
− 0.239
0.560
− 0.159
− 0.194
0.734
2.65
4.33
0.757
0.668
2.52
3.10
0.653

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.007
0.019
0.029
0.006
0.212
0.609
0.916
0.188
0.413
1.18
1.76
0.364
0.390
1.11
1.68
0.344

P value
0.01
0.86
0.09
0.01
0.26
0.36
0.86
0.30
0.08
0.03
0.02
0.04
0.09
0.02
0.07
0.06

Estimated slope ± SE
0.011
0.007
0.016
0.009
− 0.343
0.414
0.283
− 0.255
0.484
2.28
3.52
0.532
0.432
2.32
2.47
0.445

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

P value

0.006
0.017
0.025
0.005
0.204
0.592
0.864
0.181
0.419
1.20
1.75
0.369
0.402
1.15
1.68
0.354

0.07
0.68
0.54
0.08
0.09
0.49
0.74
0.16
0.25
0.06
0.046
0.15
0.28
0.04
0.15
0.21

DPA, docosapentaenoic acid; VO2peak , peak oxygen consumption.
Model excluding VO2peak has n = 145; model including VO2peak has n = 142.

Discussion
The primary objective of this study was to determine the
association of erythrocyte LCn–3PUFA concentrations with
measurements of lean mass, grip strength, and postprandial
substrate utilization in women with newly diagnosed breast
cancer. Women with newly diagnosed breast cancer showed
a strong relation between the ω-3 index and ALM/BMI even
after adjusting for age and cancer stage with a similar positive
relation found between erythrocyte DHA and ALM/BMI. In
contrast, in 1 of our previous studies of healthy middle-aged
men and women, we found no relation between LCn–3PUFAs
and ALM/BMI (10). The discrepancy between results in women
with breast cancer compared with our prior study (10) may be
attributed to a sex- or an age-specific relation, although more
research is warranted to tease out the different findings between
studies.
Importantly, when cardiorespiratory fitness was included in
our analytical models, the positive relations between the ω3 index or DHA and ALM/BMI or grip strength were no
longer significant. These data suggest that higher LCn–3PUFA
status may not be a causal factor but rather a secondary
consequence of more conscientious selection of LCn–3PUFAs by
participants. However, women did not report different amounts
of LCn–3PUFA intake when assessed using the DHQII. Further,
cardiorespiratory fitness was not different in women who
consumed supplements compared with FO nonusers (Table 1).
However, because only 13% of women in this cohort reported
taking supplements our sample size may be too low to detect
differences. As an observational study, it is not possible to tease
out the causes and effects in the relations of LCn–3PUFAs and
cardiorespiratory fitness with lean mass and grip strength. Our
findings support the importance of future studies to evaluate
the intake of LCn–3PUFAs as an associative factor or a causal
factor for cardiorespiratory fitness and downstream outcomes
such as lean mass and grip strength.
Higher grip strength is associated with reduced risk of
falls, cardiometabolic diseases, and overall mortality (6, 35–
37). In cancer patients, higher grip strength is also associated

with less adverse side effects from cancer therapies (6, 37). The
FNIH has issued an advisory statement defining sarcopenia as
ALM/BMI < 0.512 and grip strength < 16 kg for women (31).
Although 7 women had an ALM/BMI < 0.512, none of the
women in this cohort had weak grip strength (<16 kg) and
consequently no one had frank sarcopenia according to the
FNIH definition. Importantly, this cohort is generally younger
than ages where sarcopenia tends to manifest. Of the women
with low ALM/BMI, the ω-3 index was not different from
that of women without low ALM/BMI. However, this lack of
relation is highly likely due to a type II error because our study
cohort was not large, with only 7 women having low ALM/BMI.
Individual differences in energy metabolism affect patterns of
adipose gain, muscle mass, other aspects of body composition,
and cardiometabolic disease risk. Some, but not all, studies
have shown that supplementation with FO affects energy
metabolism (18, 38–40). Although there was no relation
between erythrocyte concentrations of LCn–3PUFAs and energy
metabolism at baseline (before a meal challenge), a higher ω3 index and DHA were associated with a less steep rise in
fat oxidation after the initial decline. In addition, a higher
ω-3 index was associated with a more rapid decline of
postprandial glucose suggesting that higher LCn–3PUFAs and
DPA may be useful in the management of postprandial glucose
metabolism. Erythrocyte DPA was associated with a steeper
decline of insulin concentrations after a high-saturated-fat
meal challenge. Because insulin is lipogenic, faster clearance of
postprandial insulin could reduce lipid deposition in adipose
and in nonadipose tissues. Therefore, a pattern of lower
postprandial insulin could have a long-term impact on lipid
deposition in tissues.
A secondary goal of this study was to assess LCn–3PUFA
supplement usage in women with breast cancer. In the United
States, dietary supplement sales exceed several billion dollars
annually and continue to increase as the population ages.
Consumers of dietary supplements are typically middle-age
and older adults. Studies have shown that after diagnosis of
cancer, many patients begin using dietary supplements (20, 21).
FO (or “omega-3”) supplements are among the most popular
Omega-3 index, body composition, and breast cancer
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Outcome

With VO2peak (n = 143)

TABLE 3 Association of ω-3 index, EPA, DPA, and DHA with postprandial energy metabolism after a high-saturated-fat test meal,
with and without controlling for VO2peak , among women newly diagnosed with breast cancer1
With VO2peak 2

No VO2peak
Predictor

P value3

Fat oxidation (n = 145)

ω-3 Index

0.005

EPA

0.08

DPA

0.10

DHA

0.005

ω-3 Index

0.01

EPA

<0.0005

DPA

<0.0005

DHA

0.04

ω-3 Index

0.18

EPA

0.10

DPA

0.01

DHA

0.27

ω-3 Index

0.43

EPA

0.04

DPA

0.80

DHA

0.17

Glucose (n = 140)

Insulin (n = 140)

REE (n = 144)

Predictor
level4
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High

Time since meal,
slope ± SE
0.0066
0.0009
0.0051
0.0028
0.0052
0.0021
0.0070
0.0011
− 2.89
− 3.27
− 2.86
− 3.18
− 2.81
− 3.34
− 2.91
− 3.23
− 6.64
− 6.97
− 6.64
− 6.89
− 6.52
− 7.08
− 6.65
− 6.95
− 21.0
− 19.4
− 18.2
− 21.0
− 19.9
− 20.3
− 21.9
− 18.9

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.0020
0.0019
0.0019
0.0017
0.0019
0.0018
0.0021
0.0018
0.15
0.14
0.14
0.12
0.14
0.13
0.15
0.14
0.25
0.23
0.23
0.21
0.24
0.22
0.26
0.23
2.1
1.9
1.9
1.7
2.0
1.9
2.1
1.9

P value3
0.02
0.13
0.21
0.03
0.01
<0.0005
<0.0005
0.07
0.15
0.05
0.01
0.24
0.10
0.17
0.61
0.03

Predictor
level4
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High

Time since meal,
slope ± SE
0.0064
0.0015
0.0051
0.0031
0.0050
0.0025
0.0066
0.0017
− 2.88
− 3.26
− 2.82
− 3.18
− 2.84
− 3.33
− 2.92
− 3.21
− 6.62
− 7.00
− 6.61
− 6.90
− 6.53
− 7.12
− 6.65
− 6.96
− 22.3
− 18.7
− 19.0
− 20.8
− 19.8
− 20.8
− 23.2
− 18.3

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.0020
0.0019
0.0019
0.0017
0.0020
0.0019
0.0021
0.0019
0.15
0.14
0.14
0.12
0.14
0.14
0.16
0.14
0.25
0.23
0.24
0.21
0.24
0.23
0.26
0.23
2.1
1.9
1.9
1.7
2.0
2.0
2.1
1.9

1

DPA, docosapentaenoic acid; REE, resting energy expenditure; VO2peak , peak oxygen consumption.
Data availability: fat oxidation and REE, n = 141; glucose and insulin, n = 137.
3
P value for time-by-predictor interaction.
4
Low = 25th percentile, High = 75th percentile. 25th and 75th percentiles for predictors are as follows: ω-3 index: 3.24, 4.81; EPA: 0.34, 0.54; DPA: 2.23, 2.67; DHA: 2.76, 4.22.
2

nonvitamin/nonmineral supplements used by adults and among
cancer patients and cancer survivors (20). Previous studies have
indicated that self-reported intake of FO supplements among
women with breast cancer was as high as 28% (20). In our
study, 13% of women reported consuming FO supplements.
However, in our study, we assessed current dietary supplement
usage within 4 wk after surgery, whereas most studies assessed
supplement usage >6 mo after diagnosis (20–22, 41).
Even with just 13% of women reporting FO use, the ω-3
index in FO users of 5.2% was ∼30% higher than the ω-3
index of 4.0% in FO nonusers. Reported intake of LCn–3PUFAs
from foods was generally quite low, generously estimated at
<100 mg/d (Table 1). Although we did not collect data on
adherence, brand, and/or dosage of FO supplement usage, a
recent article modeled the effects of various doses and forms
(LCn–3PUFAs delivered as triglycerides or ethyl esters) to
predict the achievement of a goal of 8%, e.g., a purported
minimum ω-3 index to be cardioprotective (42). Using an
assumed intake of 1–2 servings of “oily” fish per week yielding
500 mg/d EPA + DHA [as recommended by the American Heart
2130
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Association (43)], Walker et al. (42) estimated an increase of
the ω-3 index from 4% to ∼6%. We observed an ω-3 index
of 5.2% in FO users compared with 4.0% in FO nonusers. By
extrapolating from the nonuser to FO user value, we estimate
that women in this cohort, even if using FO supplements,
generally consumed far less than the recommended daily dose
of 500 mg LCn–3PUFAs.
Understanding a person’s rationale for choosing to use a
dietary supplement such as FO supplements could help refine
recommendations for cancer patients to use or not use FO
supplements. However, the reason that participants chose to
use FO supplements was not measured in this study. In cardiac
disease patients, reasons for choosing to use FO supplements
were for general health (34%) or heart health (32%) (44).
Furthermore, most (86%) participants chose to use an FO
supplement based on a self-decision or recommendation by a
friend or relative; few (14%) chose to use FO supplements based
on a recommendation by a physician, dietitian, pharmacists, or
other members of a health care team (44). In cancer patients,
a reason for beginning usage of dietary supplements may be
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a new self-interest in health after the cancer diagnosis (22).
It would be important to determine the rationale for recently
diagnosed cancer patients, such as in our study, choosing to use
dietary supplements including FO supplements so that dietary
recommendations could address the appropriateness of using
dietary supplements, including LCn–3PUFAs, in cancer patients
before, during, and after cancer treatments.

FIGURE 3 The ω-3 index in FO supplement users compared with
FO supplement nonusers differs among women newly diagnosed
with breast cancer. ∗ P < 0.05. FO, fish oil.

It is critical to improve our understanding of patterns of
usage of dietary supplements in cancer patients so that cancer
treatments are not adversely affected. This unique cohort of
women (n = 150) newly diagnosed with breast cancer afforded
the measurement of FO supplement usage and measures of muscle strength, body composition, and metabolism. However, there
are some limitations of our study that deserve consideration.
Women who enrolled in this study were recently diagnosed
with a diverse group of subtypes of breast cancer and will
undergo potentially a diverse group of therapy plans. Another
limitation of this study is its cross-sectional nature meaning it is
nearly impossible to determine a cause–effect relation between
LCn–3PUFAs and lean mass or energy metabolism. Although
some studies suggest that dietary interventions, including LCn–
3PUFAs, may slow the progression of muscle atrophy associated
with aging especially in cases of overt sarcopenia (45), a
prospective and/or randomized controlled trial is needed to sort
out causal inferences.
In conclusion, the relation of LCn–3PUFA concentrations in
erythrocytes with lean mass and grip strength was dampened
by cardiorespiratory fitness, which was also included in our
data analyses. Future studies evaluating a potential role of
LCn–3PUFAs in measurements of muscle health should include
cardiorespiratory fitness as a covariable. In contrast, the
relation of higher LCn–3PUFA status with a less steep rise in
postprandial fat oxidation was not affected by cardiorespiratory
Omega-3 index, body composition, and breast cancer
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FIGURE 2 Predicted slopes of postprandial fat oxidation (A), glucose (B), insulin (C), and REE (D) as a function of premeal ω-3 index, among
women newly diagnosed with breast cancer. Low and high values of the ω-3 index used for plotting are the 25th (3.24%) and 75th (4.81%)
percentiles, respectively. REE, resting energy expenditure.

TABLE 4 Pearson correlations between erythrocyte and dietary intake (DHQII) fatty acids among all women, FO supplement users,
and FO supplement nonusers1
FO supplement
Overall (n = 124)

Nonusers (n = 108)

Users (n = 16)

Fatty acid

Correlation

P value

Correlation

P value

Correlation

P value

EPA
DPA
DHA
ω-3 Index

0.12
− 0.082
0.29
0.28

0.17
0.37
0.001
0.002

0.20
− 0.088
0.36
0.37

0.04
0.37
0.0001
0.0001

− 0.22
− 0.26
− 0.24
− 0.25

0.41
0.34
0.38
0.36

1

Intake was assessed using DHQII and excludes fatty acid intake from dietary supplements. DHQII, Diet History Questionnaire-II; DPA, docosapentaenoic acid; FO, fish oil.
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