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BSTRACT
ackground Long-chain polyunsaturated fatty acids (LC-
UFA) are essential for infant growth and development.
he amount of long-chain PUFA in breast milk depends on
aternal diet and body stores. Because exercise increases
obilization and utilization of fatty acids, maternal activity
ay also influence the amount of LC-PUFA in breast milk.

bjective To investigate the effects of exercise on �-linole-
ic acid (LNA), linoleic acid (LA), docosahexaenoic acid
DHA), eicosapentaenoic acid (EPA), and arachidonic acid
AA) concentrations in maternal plasma and breast milk
nd to determine if lactating women consume adequate
mounts of LC-PUFA to compensate for those used for
nergy during exercise.
esign LC-PUFA in plasma and breast milk were mea-
ured at 12 weeks postpartum in exercising and seden-
ary women. Dietary intake was recorded for 3 days. A
ubsample of women participated in exercise and rest
essions to examine the acute effects of exercise on breast
ilk LC-PUFA.

esults There were no differences in dietary intake be-
ween the two groups. Mean intake (�standard error of
he mean) of LA was 11.05�1.39 and 9.34�0.97 and
NA was 0.96�0.12 and 0.82�0.09 g/day by the seden-
ary and exercise groups, respectively. These amounts
re close to the Adequate Intakes of LA and LNA for
actation (13 and 1.3 g/day, respectively). No differ-
nces were found in LC-PUFA in plasma and breast
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ilk between groups. After 30 minutes of exercise,
here was a trend for an increase in LA and LNA
oncentrations in breast milk, with no change in DHA,
PA, and AA concentrations.
onclusions These results suggest that women consum-
ng adequate amounts of LC-PUFA can exercise mod-
rately without decreasing the LC-PUFA in their
reast milk.
Am Diet Assoc. 2005;105:1098-1103.

t is well-established that breast milk is the optimal
food for infants, providing all the nourishment they
need to grow physically and mentally for the first 6

onths of life (1,2). Long-chain polyunsaturated fatty
cids (LC-PUFA), specifically �-linolenic acid (LNA, 18:3
-3), linoleic acid (LA, 18:2 n-6), docosahexaenoic acid
DHA, 22:6 n-3), eicosapentaenoic acid (EPA, 20:5 n-3),
nd arachidonic acid (AA, 20:4 n-6) are some of the many
omponents in human milk that promote infant growth
nd development.
LNA and LA are essential fatty acids that can be de-

aturated and elongated into the longer chain fatty acids
PA, DHA, and AA. DHA is an important nutrient in
reast milk that is crucial for neural and visual develop-
ent of the infant (3). During lactation, 70 to 80 mg of
HA is utilized per day for breast milk production (4). AA

s necessary for infant growth and development (5).
Intake of LC-PUFA by the breast-fed infant depends on
aternal diet, body fat stores, and possibly also the moth-

r’s activity level. Dietary fatty acids of lactating women
an be utilized in three ways: (a) stored in the adipose
issue, (b) transferred to the mammary gland for incor-
oration into milk, and/or (c) used for energy, especially
uring exercise. Exercise mobilizes fatty acids from body
tores for energy. Increased metabolism during exercise
ay lead to a decrease in concentrations of LC-PUFA

vailable for incorporation into breast milk. However, the
ncreased loss due to oxidation of the fatty acids may be
ountered by an increase in fatty acid mobilization from
dipose stores. This phenomenon has not been investi-
ated in lactating women.
Current recommendations for the general population

rom the Centers for Disease Control and Prevention and
he American College of Sports Medicine (6) are to exer-
ise moderately 30 minutes per day, every day of the
eek, whereas the Institute of Medicine (7) recommends

ncorporating 60 minutes of moderate exercise per day to

chieve optimal health benefits. In addition, the Ameri-

© 2005 by the American Dietetic Association
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an Academy of Pediatrics and the American Dietetic
ssociation recommend that all women breastfeed their

nfants during the first year of life (1,2). However, there is
paucity of research about the effects of exercise by

actating women on the composition of their breast milk.
herefore, the purpose of this study was to investigate
he effects of chronic and acute exercise on plasma and
reast milk LC-PUFA. Another objective was to deter-
ine if breastfeeding women consume adequate amounts

f LC-PUFA to compensate for those used for energy
uring exercise.

ETHODS
articipants
ealthy (absence of chronic disease), nonsmoking, exclu-

ively breastfeeding women were recruited from prenatal
lasses and obstetricians’ offices. Participants were eligi-
le if: (a) their body mass index was between 20 and 30,
b) their infants’ birth weight was more than 2,500 g, and
c) there were no birth complications. Mothers were as-
igned to one of two groups based on their self-reported
xercise history. The exercise group consisted of mothers
ho exercised at least 30 minutes 3 days per week for the
ast 6 weeks (n�30). Women were assigned to the sed-
ntary group if they exercised once per week or less
n�23). A subsample (n�14) of women from the exercise
roup completed a second study examining effects of
cute exercise, in which subjects participated in an exer-
ise session and a rest session. The Institutional Review
oard of the University of North Carolina at Greensboro
pproved this research, and all participants provided
ritten, informed consent. This research was conducted
rior to establishment of the Health Insurance Portabil-
ty and Accountability Act guidelines.

xperimental Design
his was a cross-sectional study that measured the LC-
UFA concentrations in plasma and breast milk of sed-
ntary and exercising lactating women at 12 (�2) weeks
ostpartum. Breast milk was collected by each woman on
he morning of her laboratory measurements. Milk (30
L) from the first feed after 5 AM was expressed and

tored in the subject’s home freezer until transported to
he lab, where it was frozen at �80°C until analysis.
lood samples were drawn and then body composition
nd cardiorespiratory fitness were measured.
Fourteen of the exercising women returned for two
ore tests to determine the effects of acute exercise on

oncentrations of fatty acids in breast milk. The women
articipated in both a rest and an exercise session, with
he order of sessions randomized. Sessions were sepa-
ated by approximately 2 days. Exercise consisted of
risk walking or jogging at an intensity of approximately
5% of predicted maximum heart rate for 30 minutes.
uring the exercise session, breast milk was expressed
efore the onset of exercise and 10 and 60 minutes after
he exercise bout. During the rest session, milk was col-
ected at the same time points, with the women resting in

seated position for the 30-minute test period. All milk
as completely expressed with a Medela electric breast
ump (McHenry, IL) from both breasts at each time

oint. Samples were frozen at �80°C until analysis. l
ietary Analysis
rior to laboratory measurements, women weighed their

ood and beverage intake on a portable digital gram scale
OHAUS, Florham Park, NJ) and recorded their con-
umption for 3 days. The Food Processor Analysis Pro-
ram (version 2.2, ESHA Research, Salem, OR), along
ith manufacturer information, food label nutrient con-

ent information, and other food composition tables (8)
ere used for dietary analysis.

nthropometrics
eight to the nearest 0.1 kg was measured on a station-

ry beam balance scale (Healthometer, Continental Scale
orp, Bridgeview, IL) with women wearing only a bath-

ng suit. Height was measured, using a stadiometer (Ge-
entech, Inc, San Francisco, CA), to the nearest 0.1 cm.
ody composition was measured by hydrostatic weighing.
ody density and percentage body fat were calculated
sing the equations of Brozek and colleagues (9).

ardiorespiratory Fitness Level
o assess the cardiorespiratory fitness level of the partic-

pants, a submaximal graded treadmill test was used
10). Women wore a heart rate monitor (Polar Inc, Wood-
ury, NY). Heart rate and perceived exertion were mea-
ured and recorded every minute for the duration of the
est. Participants exercised until their heart rate reached
5% of their predicted maximal heart rate, and predicted
xygen consumption (VO2) was determined using the for-
ulas of the American College of Sports Medicine (10).
inear regression was used to determine the subject’s
redicted VO2 max using heart rate as the independent
ariable and predicted VO2 as the dependent variable.

lasma and Breast Milk Fatty Acid Analysis
lood was drawn by venipuncture from an antecubital
ein by a trained phlebotomist, after a 12-hour fast. The
lasma layer was separated and stored at �80°C until
nalyzed for fatty acid content. Plasma fatty acids were
xtracted by an adapted method of Bligh and Dyer (11).
reast milk was extracted using a modified Folch proce-
ure as detailed by Bitman and colleagues (12). The fatty
cid profiles of plasma and breast milk were determined
y a gas chromatograph (5890 Gas Chromatograph,
ewlett Packard, Avondale, PA). Plasma was collected

rom a subsample of 38 women (sedentary group, n�14;
xercise group, n�24), because measurement of plasma
atty acids was started after 15 women had already com-
leted the study of breast milk fatty acids. Milk was not
ollected from one participant in the sedentary group due
o laboratory error.

tatistical Analysis
PSS-PC (Version 10.0, SPSS, Chicago, IL) statistical
oftware was used for all data analysis. Student’s t test
as used to assess differences between experimental
roups. Repeated measures analysis of variance was used
o determine if breast milk LC-PUFA concentrations
hanged during exercise or rest sessions. Pearson corre-

ations were identified for relationships between breast
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ilk fatty acids and diet, plasma, parity, and percentage
ody fat. Multiple linear regression analysis was used to
redict concentrations of breast milk fatty acids from the
ariables mentioned. Statistical significance was set at
�.05.

ESULTS
here were no significant differences between groups in
haracteristics of participants, except that exercising
omen exhibited a higher level of cardiorespiratory fit-
ess (Table 1). They reported exercising a mean of 47
inutes per day, 4 days per week. The majority of the
omen walked briskly and/or participated in aerobic ex-
rcise classes. Their average fitness level was in the 80th
ercentile, according to values given by the American
ollege of Sports Medicine (10) for cardiorespiratory fit-
ess. The sedentary women had an average fitness level

n the 40th percentile.
There were no differences in percentage body fat (Table

) or dietary intake (Table 2) between the two groups;
xcept that AA intake was significantly higher in the
edentary group. Both groups consumed a diet of approx-
mately 55% carbohydrates, 15% protein, and 30% fat;
nd the ratio of LA to LNA was approximately 11.5:1.
There were no significant differences in the concentra-

ions of the LC-PUFA in the breast milk of exercising and
edentary lactating women (Table 3). Breast milk and
lasma of the subgroup (n�38) were also not significantly
ifferent between groups (data not shown). Due to the
ack of difference between groups, the data from all sub-
ects were pooled together for further analysis. Breast

ilk AA and dietary AA were correlated (r�0.29, P�.04);
owever, there were no correlations between breast milk
nd dietary intake of the other LC-PUFA. Plasma LA and
A were significantly correlated with milk LA (r�0.33,
�.04) and AA (r�0.45, P�.005), respectively. There was
o correlation between parity or percentage body fat and
reast milk fatty acid concentrations in this group. When
hese were controlled for, there were still no significant

Table 1. Characteristics of sedentary and exercising breastfeeding
women at 12 weeks postpartum

Characteristic

Sedentary
group
(n�23)

Exercising
group
(n�30)

4™™™™ mean�SEM a ™™™3
Age (y) 31.5�1.0 31.5�0.6
Parity 2.26�0.2 1.90�0.2
Height (cm) 163.1�1.1 164.6�1.2
Weight (kg) 66.0�1.6 64.0�1.5
Body mass index (calculated as

kg/m2) 24.9�0.7 23.6�0.5
% Body fat 28.0�1.4 25.5�1.1
Predicted maximal O2 consumption

(mLO2/kg/min) 32.2�1.0 39.6�1.0*

aSEM�standard error of the mean.
*Significantly different from sedentary group, P�.01.
ifferences in dietary fatty acid concentrations between d

100 July 2005 Volume 105 Number 7
roups. In multiple regression analysis, dietary intake,
arity, and percentage body fat did not predict fatty acid
oncentrations in breast milk.
Characteristics of the subsample who participated in

he second study were similar to the characteristics of all
he women in the exercise group, shown in Table 1. Be-
ween-session changes over time were noted (Figure) for
A and LNA; however, these changes were not significant

LA, P�.18; LNA, P�.23). During the exercise session,
A increased from time 0 to 60, but in the rest session, LA

Table 2. Macronutrient and fatty acid intake of breastfeeding
women at 12 weeks postpartum

Sedentary
group
(n�23)

Exercising
group
(n�30)

4™™™™™ mean�SEM a ™™™™™3
Total energy intake (kcal) 2,276�93 2,142�106
Kcal/kg body weight 35�2 34�2
Total protein intake (g) 85�5 83�3
% kcal from protein 15�1 16�1
Total carbohydrate intake (g) 313�13 306�18
% kcal from carbohydrate 55�1 56�2
Total fat intake (g) 80�5 69�5
% kcal from fat 32�1 29�1
Fatty acid intake (g)

18:2 n-6 (LA)b 11.05�1.39 9.34�0.97
18:3 n-3 (LNA)c 0.96�0.12 0.82�0.09
20:4 n-6 (AA)d 0.10�0.01 0.06�0.01*
20:5 n-3 (EPA)e 0.03�0.01 0.03�0.01
22:6 n-3 (DHA)f 0.06�0.02 0.05�0.02

aSEM�standard error of the mean.
bLA�linoleic acid.
cLNA��-linolenic acid.
dAA�arachidonic acid.
eEPA�eicosapentaenoic acid.
fDHA�docosahexaenoic acid.
*Significantly different from sedentary group, P�.05.

Table 3. Long-chain polyunsaturated fatty acid composition of
breast milk at 12 weeks postpartum

% of total fat
Sedentary group
(n�22)

Exercising group
(n�30)

4™™™™™™™™™ mean�SEM a ™™™™™™™™™3
18:2 n-6 (LA)b 16.94�0.97 14.71�0.72
18:3 n-3 (LNA)c 1.14�0.11 1.03�0.09
20:4 n-6 (AA)d 0.41�0.03 0.38�0.02
20:5 n-3 (EPA)e 0.30�0.08 0.39�0.09
22:6 n-3 (DHA)f 0.21�0.08 0.43�0.09

aSEM�standard error of the mean.
bLA�linoleic acid.
cLNA��-linolenic acid.
dAA�arachidonic acid.
eEPA�eicosapentaenoic acid.
fDHA�docosahexaenoic acid.
ecreased from time 0 to 60. Similarly, LNA increased in
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he exercise session from time 0 to 60. However, in the
est session, LNA increased from time 0 to 10, but de-
reased from time 10 to 60, with time 60 falling to a
oncentration less than the initial measurement (Figure).
here were no significant differences in changes over
ime for AA, EPA, or DHA (data not shown). Interest-
ngly, percentage body fat was significantly correlated
ith concentrations of LA in milk at time 60 after the
xercise session (r�0.62, P�.02) and with concentrations
f LNA in milk at time 10 (r�0.53, P�.04) and time 60
r�0.77, P�.001) after the exercise session. There were
o significant correlations between percentage body fat
nd milk LC-PUFA concentrations during the rest ses-

igure. Percent linoleic acid (LA) and �-linolenic acid (LNA) in breast
ilk of women before (Time 0) and after (Time 10 and Time 60) the

0-minute rest session or exercise session. Values are
eans�standard error of the means. LA concentration decreased

uring rest and increased during exercise. Changes were similar with
NA concentrations. However, these changes were not significant.
ions. h
ISCUSSION
n this study, dietary intake and exercise did not signif-
cantly affect the plasma and breast milk of lactating
omen. However, there was a trend toward an increase

n LA and LNA after an acute exercise bout. With the
xception of AA intake, there were no differences in the
iets of the women in this study. On average, these
omen ate diets sufficient in energy, protein, and fat, and
ere similar to dietary intakes of lactating women re-
orted by other researchers (13,14). It is possible that the
bservation of no effect of diet or exercise on the LC-
UFA concentrations (except AA) in breast milk was due
o insufficient variation in intakes among the women.

The optimal ratio for general good health of n-6 to n-3
atty acids has not been established; however, research-
rs suggest a ratio of less than 10:1 (15). This ratio is
stimated to be 25:1 in American diets due to increased
onsumption of processed foods in place of natural foods
16). Women in the current study consumed diets with an
-6 to n-3 ratio at approximately 11.5:1, which is better
han the reported national average. The recommended
dequate Intakes of LA and LNA for lactation are 13
/day and 1.3 g/day, respectively (7). Diets of breastfeed-
ng mothers in this study were close to these recommen-
ations (Table 2). Conversion of LNA into DHA and EPA
s quite inefficient (15); therefore, in addition to consum-
ng adequate amounts of LA and LNA, breastfeeding
omen should make efforts to consume adequate
mounts of DHA and EPA. These results suggest that
ctive, breastfeeding women are able to meet the new
ietary recommendations for LA and LNA; however, spe-
ific recommendations are not yet available for DHA,
PA, and AA.
Current recommendations for LA and LNA for infants

rom birth to 6 months are 4.4 and 0.5 g/day, respectively
7). Based on the recommended total fat intake of 31
/day for this age group (7), the percentage of total fat
oming from the individual fatty acids (LA and LNA) can
e calculated as 14.2% and 1.6%, respectively. Mean con-
entrations of LA and LNA in the breast milk samples in
ur study were similar to these recommendations (Table
), indicating that the women in this study were able to
rovide sufficient LA and LNA for their infants.
Concentrations of fatty acids were similar to those re-

orted by others in breast milk (17) and plasma (18). Only
ietary and breast milk AA concentrations were signifi-
antly related in our study. However, isotope tracer stud-
es indicate that maternal body stores, rather than diet,
re the major source of breast milk fatty acids, suggesting
hat dietary fatty acids are first stored in the body and
ater mobilized for incorporation into breast milk (19). In
ddition, concentrations of LC-PUFA in breast milk were
ess than concentrations of LC-PUFA in plasma, with the
xception of LNA, which was slightly higher in breast
ilk than in plasma. This suggests that the availability

f LC-PUFA in the plasma is not a limiting factor for
oncentrations in breast milk.
Fatty acid concentrations decrease as parity increases

20). The observation of no effect of parity on concentra-
ions of fatty acids in breast milk may be due in part to
he limited range of parity in this group. Most women had

parity of 1 (n�18) or 2 (n�23), with only 13 women

aving a parity of 3 or more. Although breast milk fatty

July 2005 ● Journal of the AMERICAN DIETETIC ASSOCIATION 1101
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cid concentrations did decrease as parity increased, this
elationship was not significant.

Exercise leads to the mobilization of fatty acids from
he adipose tissue triacylglycerol; plasma fatty acid con-
entrations increase threefold compared with rest (21).
e observed that 30 minutes of moderate exercise in-

reased concentrations of LA and LNA in breast milk;
owever, the increase was not significant. Borsheim and
olleagues (22) observed a similar increase in LA in the
lasma of exercising as compared with resting men, and
ougios and colleagues (23) reported that male handball

layers had an increase in plasma LA after two 30-
inute playing sessions. However, we observed no effect

f exercise on concentrations of AA in breast milk, in
ontrast to the decrease in plasma AA reported by Bor-
heim (22).
The observation of no exercise effect on breast milk
HA may be related to DHA being one of the fatty acids

tored in small quantities in the human body, and during
actation, storage concentrations are much less than nor-

al (4). Therefore, much less DHA may be mobilized
uring exercise, as compared with LA and LNA. Plasma
ipid fractions also contain very little EPA and AA. Turn-
ver of these free fatty acids is quite rapid in the time
etween meals to provide tissues with nourishment (24).
Because exercise-stimulated lipid mobilization can con-

inue for an extended period of time after cessation of
xercise (22), fatty acids may have been transferred to
reast milk from plasma after the 60-minute measure-
ent point. In our sample, there was a trend toward an

ncrease in the concentrations of LA and LNA in the
reast milk from 10 to 60 minutes after exercise. This
ncrease may have been more if we had continued our

easurements beyond 60 minutes. These results suggest
hat instead of experiencing a decrease in breast milk LA
nd LNA concentrations after exercise, women may in
act have increased concentrations of LA and LNA in
heir breast milk.

The significant relationship between percentage body
at and concentrations of LA and LNA 60 minutes after
he exercise session suggests a greater mobilization of LA
nd LNA during exercise in women who have a higher
ercentage body fat. This is likely due to a greater avail-
bility of fat for mobilization. The trend toward an in-
rease in concentrations of LA and LNA after exercise
ndicates that LA and LNA may actually increase in
reast milk after exercise, especially among women with
dequate body fat stores. This may not be true for women
ho are underweight.

ONCLUSIONS
oderate exercise is not only safe during lactation, but

lso improves the cardiorespiratory fitness levels of post-
artum women and provides many other health benefits
25-27). We have previously reported no effect of exercise
n breast milk concentrations of macronutrients (25,27),
itamin B-6 (28), or immunological compounds (29). This
tudy found no effect of exercise on the LC-PUFA concen-
rations in breast milk. These results suggest that a
actating woman with adequate body fat stores, and con-
uming a diet sufficient in energy and essential fatty
cids (including total fatty acid intake and LA to LNA

atio), can exercise moderately without decreasing, and

102 July 2005 Volume 105 Number 7
ay potentially increase, the concentrations of LC-PUFA
n her breast milk.
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evels
he research presented in the preceding article by
Bopp and colleagues (1) answers important ques-
tions about the preservation of long-chain polyunsat-

rated fatty acid (LC-PUFA) in human milk after mater-
al exercise. The role of LC-PUFA, especially
ocosahexaenoic acid (DHA), in the neural development
f infants has been well documented (2-4). In fact, in the
ast decade, most infant formula manufacturers have
ffered at least one product fortified with DHA in an
ttempt to close the nutritional gap between artificial
ubstitutes and human milk. During pregnancy, the fe-
us, and later the exclusively breastfed infant, relies on
aternal intake of DHA for normal growth and develop-

his article was written by Jeanne Blankenship, MS,
D, senior clinical and research dietitian, University of
alifornia, Davis Medical Center, Sacramento.
ent. Optimizing maternal dietary sources during both
regnancy and lactation to ensure desirable DHA levels
s worthy of consideration. The authors noted that ma-
ernal intake of LC-PUFA was not significantly different
etween sedentary and exercising women and that both
roups were close to the recommended intake levels for
oth linoleic and �-linolenic acids. An important finding
or clinical practice is that DHA levels were maintained
espite maternal exercise in this study.
Increasing maternal dietary sources of n-3 fatty acids is
seemingly simple solution to ensuring adequate infant

ntake; however, DHA levels for pregnant and lactating
omen in the United States often fall short of intake
oals (5). The recommended intake for DHA is �300
g/day and possibly as high as 500 mg/d of eicosapenta-

noic acid and DHA combined for maximizing adult car-
iovascular health benefits (6,7). In addition to eating
-3–rich seafood two times per week, other dietary

ources of n-3 fatty acids such as flaxseed, canola oil,
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