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Effect of aerobic exercise on lipaemia and its fatty acid profile after a meal
of moderate fat content in eumenorrhoeic women
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Exercise prior to eating has repeatedly been shown to reduce postprandial lipaemia. The aim of the present study was to investigate whether this effect was
manifest in the presence of two factors that independently mitigate postprandial lipaemia: eumenorrhoea and moderate fat intake. Eight healthy eumenor-
rhoeic rowers consumed a meal of moderate fat content (35 % total energy, 0-66 g/kg body mass) 14 h after having either rowed at 55 % of maximal aerobic
power (81 % of maximal heart rate) for 80 min or rested. Both trials were performed during the luteal phase. Blood samples were drawn before the meal and
for 8 h postprandially for the measurement of individual fatty acids in the triacylglycerol and NEFA fractions, as well as of glucose, insulin and oestradiol.
Plasma oestradiol concentrations were not significantly different in the two trials. The postprandial lipaemic response, expressed as either plasma triacyl-
glycerol concentration or area under the triacylglycerol—time curve, was 35 % lower (P<<0-05) after exercise. The postprandial glycaemic and insulinaemic
responses were also lower, indicating increased insulin sensitivity, whereas the NEFA response was higher, suggesting a lower entrapment of dietary fatty
acids in adipose tissue after exercise. Finally, exercise increased the proportion of unsaturated:saturated NEFA during the postprandial period. In conclusion,
aerobic exercise performed 14 h before a moderate-fat meal reduced postprandial lipaemia in women in the luteal phase. This effect shows the potential of

exercise to mitigate even moderate lipaemic responses in eumenorrhoeic women.

Oestradiol: Insulin: Postprandial lipaemia: Triacylglycerols

There is substantial evidence that a high postprandial concen-
tration of plasma triacylglycerols (TG) is an independent risk
factor for coronary artery disease (Karpe, 1999; Gill & Hardman,
2003). Given that individuals in developed countries usually
spend most of their time in an absorptive state, considerable
research interest has been directed towards elucidating the factors
that influence the postprandial lipaemic response. Fasting plasma
TG concentration, meal composition, meal time, diet, obesity,
body fat distribution, oestrogen concentration and physical exer-
cise have all been identified as having an influence (Romon
et al. 1997; Koutsari et al. 2001; Pirro et al. 2001; Kolifa et al.
2004). With regard to the latter two factors in particular, endogen-
ous and exogenous oestrogens have been associated with reduced
postprandial lipaemia (Westerveld, 1998; Van Beek et al. 1999),
whereas physical exercise has repeatedly been shown to decrease
postprandial lipaemia, especially when performed on the day
before a high-fat meal (e.g. Aldred er al. 1994; Tsetsonis &
Hardman, 1996a,b; Tsetsonis et al. 1997, Petitt et al. 2003).
The vast majority of studies from other laboratories have inves-
tigated the effect of exercise on postprandial lipaemia by using
meals of high fat content (at least 1g/kg body mass and over
60 % total energy). This greatly exceeds usual — let alone rec-
ommended — fat intakes and may exaggerate the observed differ-
ences between exercise and rest. We have recently conducted a
study in healthy males, in which we examined the effect of
prior exercise on lipaemia after a meal with a composition

closer to that of a typical Western diet (Kolifa ez al. 2004). We
found that exercise did decrease postprandial lipaemia, mainly
by lowering the fasting plasma TG concentration.

The main purpose of the present study was to examine whether
exercise reduced lipaemia after a meal of moderate fat content
(35 % total energy) in healthy eumenorrhoeic women. The ration-
ale behind this question was that, as mentioned earlier, an
adequacy of endogenous oestrogens has been associated with
low postprandial lipaemia (Westerveld, 1998; Van Beek et al.
1999). It is thus worth asking whether exercise confers an
additional benefit in this respect. This issue has not been explored
as the relevant studies that have examined women as a group have
not reported their menstrual status (Aldred et al. 1994; Tsetsonis
& Hardman, 1996a,b), have not controlled for the phase of the
menstrual cycle (Tsetsonis er al. 1997; Herd et al. 2000;
Thomas et al. 2001; Gill et al. 2002, 2003) or have employed
postmenopausal women (Gill & Hardman, 2000; Murphy et al.
2000; Koutsari et al. 2001).

Individual fatty acids play distinct biological roles, a striking
example being the well-known divergent effects of saturated
and unsaturated fatty acids on lipoprotein metabolism and risk
of atherosclerosis. With the exception of one study from our lab-
oratory (Kolifa et al. 2004), the effect of exercise on the postpran-
dial fatty acid profile in either the TG or NEFA fraction has not
been explored. Thus, the second aim of the present study was
to investigate this effect.

Abbreviations: AUC, area under the curve; TG, triacylglycerol; U:S, unsaturated:saturated ratio.
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Subjects and methods
Subjects

Eight high-level female rowers, aged 18—25 years, participated in
the study. Their body mass, height, BMI, and waist:hip ratio
(means with their standard errors) were 66-9 (SE 2-3) kg, 1-71 (SE
0-02) m, 229 (S 0-5) kg/m2 and 0-74 (SE 0-02 respectively). The
subjects were non-smokers, were not suffering from any apparent
acute or chronic illness, were not taking any medication or dietary
supplements and were eumenorrhoeic (reporting their menstrual
cycle as lasting 24-30 d). Additionally, they were normolipidaemic
and euglycaemic, as judged from the analysis of fasting blood
samples, which they provided during a preliminary visit to the lab-
oratory and which produced concentrations of 0-26—0-80 mmol/I for
TG, 2-:91-4-46 mmol/l for total cholesterol, 1-50—2-48 mmol/l for
HDL-cholesterol and 4-39—5-73 mmol/1 for glucose.

Subjects were informed, orally and in writing, of the design and
possible risks of the study, and consented to participate. The study
was designed and carried out according to the guidelines of the
University of Thessaloniki Ethics Committee.

Design

Each subject took part in two trials in a random, counterbalanced
design. The first trial was performed during the first week after
mid-cycle, and the second trial was performed during the same
time of the next cycle. Thus, both trials fell within the luteal
phase, during which oestrogen concentrations are more stable
and higher than during the follicular phase.

Each trial was conducted over 2 d. In the afternoon of day 1, the
subjects either exercised for 80 min between 16.30 and 18.00 hours
or abstained from exercise. Exercise was performed in a micropro-
cessor-controlled rowing ergometer (Concept 2, Morrisville, VT,
USA) at a constant power output corresponding to 55 % of each sub-
ject’s maximal aerobic power. Maximal aerobic power had been
determined by an all-out race test (2000 m) during the preliminary
visit, 1-2 weeks before the first trial, in the same ergometer as
was used for the bout of experimental exercise. During the same
visit, maximal heart rate had been determined by a 1 min all-out
test in the same ergometer. Heart rate was monitored by a Polar
Accurex monitor (Kempele, Finland).

Subjects had dinner no later than 20.00 hours on day 1. During
the morning of day 2, subjects arrived at the laboratory after an
overnight fast. A cannula was inserted into a forearm vein and,
after 5min rest, 5 ml baseline blood samples were obtained with
the subjects seated. Blood was transferred into precooled test
tubes containing EDTA to prevent clotting and was immediately
centrifuged at 1500g at 4°C for 5min. Plasma was promptly
removed, divided into aliquots for the determination of lipids, glu-
cose, insulin and oestradiol, and stored at —80°C.

Immediately after providing the fasting blood sample, at 08.00
hours, subjects consumed a test meal within 15 min. The meal
consisted of skimmed milk, cornflakes, bread, orange juice,
low-fat ham and macadamia nuts. The latter have been used to
trace the entry of dietary fat into the circulation (Fielding ef al.
2000) because of their unusual fatty acid profile (a high
proportion of MUFA). The composition of the meal, based on the
average body mass of the participants, is shown in Table 1. The
meal contained, per kg body mass, 0-66 g fat, 2-14 g carbohydrate
and 0-62g protein. Its energy content was 71kJ/kg

Table 1. Composition of the test meal for a 67 kg subject”

Fat Carbohydrate Protein Energy

Food Quantity (9) (9) (9) (kJ)
Milk 258 ml 0-0 12-4 9-5 367
Cornflakes 489 0-4 397 39 742
Bread 95¢g 1.8 471 8-0 991
Orange juice 335ml 0-0 391 0.7 666
Ham 919 2.0 23 15-4 371
Macadamia nuts 529 40-1 24 41 1617
Sum 442 143-1 416 4756

*Data derived from Food Standards Agency (2002) and Nutrition Facts food labels. For
details of subjects and procedures, see p. 699 of proofs.

(corresponding to that of a main daily meal), 35 % being derived
from fat, 50 % from carbohydrate and 15 % from protein.

Blood samples were drawn at 0-5, 1, 2, 3, 4, 5, 6 and 8 h post-
prandially, as described for the baseline sample. The cannula was
kept patent by flushing with normal saline. Subjects remained in
the laboratory during this period, sitting or lying down. They were
allowed no food or drink except for water ad libitum during the
first trial. Water intake was recorded and was repeated, in terms
of both quantity and timing, during the second trial.

To control for the effect of prior diet on the outcome measures of
the study, subjects followed individualised isoenergetic dietary
plans with the same macronutrient composition as the test meal
(35 % fat, 50 % carbohydrate, 15 % protein) for 2 d before the first
test meal. They were asked to record their food intake and the
time of food consumption during those days and to repeat this diet-
ary intervention before the second test meal. They were also asked to
abstain from alcohol during the 2 d and from caffeine during the day
preceding each test meal. Finally, subjects were asked to perform no
exercise other than the experimental bout during the 2 d before each
test meal. Thus, the participants abstained from exercise for at least
60 h before the test meal; this period has been shown to eliminate
any effects of training or previous exercise on postprandial lipaemia
(Hardman et al. 1998; Herd er al. 1998, 2000).

Assays

TG and NEFA were extracted from plasma after the addition of hep-
tadecanoic acid and triheptadecanoylglycerol (both from Sigma, St
Louis, MO, USA) as internal standards. They were separated by
TLC, and their fatty acid content was determined by GC as
previously described (Kolifa e al. 2004). Total TG were calculated
as the sum of their individual fatty acids divided by 3. The intra- and
interassay CV for the whole analysis was 8 %. This method corre-
lated very well with the usual photometric assays (r 0-95). Glucose
was assayed by a photometric method using a kit from BEST
(Athens, Greece).

Insulin and oestradiol were determined by enzyme immunoas-
say using kits from DRG (Marburg, Germany). We measured oes-
tradiol in order to verify that the participants had similar levels of
the hormone during the two trials. Because eating is not known to
affect the plasma oestradiol concentration, we considered it point-
less to measure the hormone in all the blood samples. Therefore,
we measured it at three time points (0, 4 and 8 h).

Dietary analysis

Dietary records were analysed in Microsoft Access (Redmont,
WA, USA) by the use of a food database developed in our labora-
tory, based on published data (Food Standards Agency, 2002).
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Calculations and statistical analysis

As summary measures of the responses of plasma TG, NEFA,
glucose and insulin to the test meal, areas under the curves
(AUC) of their concentrations v. time were calculated using the
trapezoidal rule. Additionally, an incremental AUC was calcu-
lated for TG by subtracting the area attributable to the baseline
TG concentration from total the AUC. Based on the glucose
and insulin AUC, an insulin sensitivity index (Belfiore et al.
2001) was calculated for each participant and each trial as:

2/(INS X GLU + 1)

where INS and GLU are the AUC of insulin and glucose divided
by the corresponding means in the control trial.

SPSS version 10.0 (SPSS Inc., Chicago, IL, USA) was used for
the statistical analysis. Values are expressed as means with their
standard errors. The distribution of all dependent variables was
examined using the Shapiro—Wilk test and was found not to
differ significantly from normal. Significant differences between
exercise and rest with regard to plasma concentrations were
detected by two-way (treatment X time) ANOVA with repeated
measures on both factors. Significant interactions were followed
up by simple main-effect analysis.

Differences between exercise and rest with regard to AUC, as
well as between baseline plasma TG and the test meal with
regard to percentage fatty acid composition, were examined
using the Student’s 7 test. Linear correlation analysis was carried
out by Pearson’s product—moment correlation. The level of stat-
istical significance was set at o = 0-05 for all analyses.

To determine the meaningfulness of the effect of exercise on
the biochemical parameters measured, we calculated effect sizes
as the difference between means in the exercise and control
trials divided by the standard deviation of the control trial.
Effect sizes were considered small, moderate and large if their
absolute values were 0-2 or less, about 0-5, and 0-8 or more,
respectively (Thomas & Nelson, 1996). Finally, observed power
was computed by the statistical software and was considered
adequate if it was 0-8 (Thomas & Nelson, 1996).

Results

Heart rate during the rowing exercise bout was 165 (SE 2) beats/
min, corresponding to 81 (SE 1)% of maximal heart rate. The
power output of the rowers was 130 (SE 3) W (55 % maximal
aerobic power), and the estimated net energy expenditure of exer-
cise was 4-2 (SE 0-1) J, or 62 (SE 2) kJ/kg body mass, as calculated
by the ergometer microprocessor based on a mechanical effi-
ciency of 25 %. The subjects’ daily energy intake during the 2d
preceding the trials was 7-4 (SE 0-5) MJ, with 34 % derived
from fat, 47 % from carbohydrate and 19 % from protein.

In all, thirteen fatty acids were detected in considerable
amounts in the test meal, namely: laurate (12:0); myristate
(14:0); palmitate (16:0); palmitoleate (16:1n—7); stearate
(18:0); oleate (18:1n-9); cis-vaccenate (18:1n-7); linoleate
(18:2n-6); v-linolenate (18:3n—-6); «-linolenate (18:3n-3);
gondoate (20:1n-9); arachidonate (20:4n—6); lignocerate
(24 :0). Their molar distribution is presented in Table 2. On the
other hand, twelve fatty acids were detected in considerable
amounts in plasma, namely: 14:0; 16:0; 16:1n-7; 18:0;
18:1n-9; 18:1n-7; 18:2n-6; 18:3n-6; 18:3n-3; 20:1n-9;
dihomo-v-linolenate (20:3n-6); 20:4n—6. Their mean molar
distribution in the TG of the baseline samples (pooled data

Table 2. Percentage molar fatty acid composition of the test
meal and fasting plasma triacylglycerols
(Values are means with their standard errors)

Plasma Meal/plasma
Fatty acid Meal Mean SE Mean SE
12:0 0-31 - - - -
14:0 1-11 1-61 0-14 0-78 0-07
16:0 10-33 28.01 0-51 0-37 0-01
16:1n-7 16-74 344 0-19 5.08 0-26
18:0 2:94 3.70 017 0-82 0-04
18:1n-9 57-31 4240 0-88 1.36 0-03
18:1n-7 3.48 2.57 0-09 1.37 0-04
18:2n-6 4.35 16-20 0.72 0-28 0-01
18:3n-6 0-02 0-35 0-05 0-07 0-01
18:3n-3 0-35 0-30 0-03 1.35 0-15
20:1n-9 2.56 0-30 0-02 879 0-45
20:3n-6 - 0-35 0-03 - -
20:4n-6 0-12 0-79 0-07 0-17 0-01
24:0 0-38 - - - -

For details of subjects and procedures, see p. 699 of proofs.

from both trials) is also presented in Table 2. Fatty acids
16:1n-7, 18:1n-9, 18:1n-7 and 20: 1n-9 (all MUFA) were
significantly more abundant in the test meal compared with
plasma TG (P<0-001), reflecting the unique fatty acid profile
of macadamia nuts, which accounted for 91 % of the meal’s fat.

Total plasma TG concentrations at baseline and during the post-
prandial period with and without prior exercise are shown in Fig. 1.
TG changed significantly with time (P=0-004) and were lower in
the exercise trial (P=0-001). In the control trial, TG concentration
increased gradually and plateaued at 5—6h postprandially. In the
exercise trial, TG concentration remained at or below baseline up
to 3 h and then increased gradually up to 6 h.

The AUC of TG concentration v. time was reduced after
exercise (392 (se 036) v. 6:05 (s 0-61) mmol/l X h,
P<0-001). The effect size was —1-24 and the observed power
1-00. Incremental AUC was reduced by exercise proportionally
to total AUC (0-76 (s 0-20) v. 1-19 (s 0-33) mmol/l X h),
although with lower statistical scores (P=0-13, effect size
—0-46, power 0-32) because of the relatively high variance of
values. In addition, a positive correlation was found between

0.75f

TG (mmol/l)
o
o

0.25

Time (h)

Fig. 1. Fasting (0h) and postprandial plasma triacylglycerol (TG) concen-
trations attributable to a meal of moderate fat content consumed 14 h after
exercise (o) or rest (o). Values are means and their standard errors for
eight women. TG were significantly lower in the exercise trial (P=0-001).
For details of subjects and procedures, see p. 699 of proofs.
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the baseline TG concentration and total AUC in both trials (r 0-80,
P=0-02 for exercise; r 0-85, P=0-01 for control) but not between
baseline TG and incremental AUC.

All the individual fatty acids of plasma TG changed signifi-
cantly with time and were lower in the exercise trial (P<<0-05).
However, their kinetics differed depending on their meal:plasma
ratio (Table 1), with two patterns emerging. The four fatty
acids with the highest meal:plasma ratio (i.e. 16: 1n—7, 18: 1n—
9, 18:1n-7, 20:1n-9) increased gradually between 2 and 6h
in both trials; after this, they plateaued in the control trial and
declined in the exercise trial. Fatty acid 16: 1n—7 typifies this pat-
tern (Fig. 2 (A)). In contrast, the other fatty acids (i.e. 14:0,
16:0, 18:0, 18:2n-6, 18:3n-6, 18:3n-3, 20:3n-06, 20:4n—
6) peaked between 0-5 and 4 h and gradually declined afterwards
in the control trial, whereas in the exercise trial they fell below
baseline between 0-5 and 45 h. Fatty acid 16: 0 typifies this pat-
tern (Fig. 2 (B)).

Total plasma NEFA (Fig. 3) changed significantly with time
(P<0-001) and were higher in the exercise trial (P=0-007).
There was also a treatment-by-time interaction (P=0-011). The
two curves had similar kinetics up to 3 h, but then the NEFA con-
centration increased abruptly in the exercise trial and was higher
than control at 4—6h (P=0-05). The exercise curve plateaued
afterwards and met the control curve at 8 h. The NEFA concen-
trations at 8h were close to the baseline values. In accordance
with the NEFA concentrations, the AUC of NEFA concentration
v. time was higher after exercise (2-08 (SE 0-22) v. 1:47 (S 0-11)
mmol/l X h, P=0-003, effect size 2-01, observed power 0-93).

The curves of the individual NEFA were qualitatively the same as
those of total NEFA. Again, however, we noticed two patterns
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Fig. 2. Postprandial plasma kinetics of two triacylglycerol acyl groups exhibit-
ing two distinct patterns: a gradual increase up to 6h (A) and a relatively
stable response (B). (o) Control trial and (e) exercise trial. For details of
subjects and procedures, see p. 701 of proofs.
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Fig. 3. Fasting and postprandial plasma concentrations of total NEFA. (o)
Control trial and () exercise trial. Mean values were significantly different
between the exercise and control groups; *P=0-05. For details of subjects
and procedures, see p. 701 of proofs.

according to the meal:plasma TG ratio of each fatty acid.
Fatty acids 16:1n-7, 18:1n-7, 18:1n-9 and 20:1n-9 (the
fatty acids with the highest meal:plasma ratios) exceeded their
baseline values at 6 and 8 h in both trials, whereas the remaining
NEFA did not. Representative curves are shown in Fig. 4. As an
index of the unsaturation state of plasma NEFA, we calculated
their unsaturated:saturated ratio (U:S; Fig. 5). The exercise and con-
trol curves resembled the corresponding ones for total NEFA. There
was a significant main effect of time (P<<0-001), main effect of
treatment (P=0-006) and interaction (P=0-030). U:S was signifi-
cantly higher in the exercise trial between 2 and 6 h.

Plasma glucose concentrations (Fig. 6 (A)) changed signifi-
cantly with time (P=0-012) and were lower in the exercise trial
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Fig. 4. Postprandial plasma kinetics of two NEFA exhibiting two distinct pat-
terns: exceeding the baseline at 6 and 8h (A) and not exceeding baseline
at any time point (B). () Control trial and (e) exercise trial. For details of
subjects and procedures, see p. 699 of proofs.
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Fig. 5. Fasting and postprandial ratio of unsaturated:saturated (U:S) NEFA.
(o) Control trial and (e) exercise trial. Mean values were significantly
different between the exercise and control groups; *P=0-05. For details of
subjects and procedures, see p. 699.

(P=0-003). The AUC of glucose concentration v. time was lower
after exercise (36-7 (SE 0-5) v. 39-4 (s 0-8) mmol/l X h, P=0-003,
effect size — 1-24, observed power 0-97).

Insulin concentrations (Fig. 6 (B)) changed significantly with
time (P=0-003) and were lower in the exercise trial (P=0-010).
Both curves peaked at 0.5h and then gradually decreased, reach-
ing baseline at Sh. The AUC of insulin concentration v. time
was lower after exercise (142 (S 30) v. 173 (S 28) mU/I X h,
P=0-003, effect size —0-46, observed power 0-98).

The insulin sensitivity index, calculated from the postprandial
insulin and glucose responses, was higher after exercise compared
with rest (1-18 (SE 0-09) v. 1-03 (s 0-06), P=0-001, effect size
1-03, observed power 0-88). Finally, baseline plasma oestradiol
concentrations did not differ significantly in the two trials (304
(SE 50) pmol/l in control v. 311 (SE 31) pmol/l in exercise con-
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Fig. 6. Fasting and postprandial plasma glucose and insulin concentrations.
(o) Control trial and (e) exercise trial. For details of subjects and procedures,
see p. 699.

ditions) and did not change significantly in the postprandial
period (data not shown).

Discussion

The main finding of the present study was that exercise reduced
postprandial lipaemia after a moderate-fat meal by 35 % in eume-
norrhoeic women in the luteal phase. The exercise stimulus was
similar, in terms of duration and intensity, to that in other relevant
studies and was sufficient to elicit two well-documented acute
responses: a decrease in fasting TG concentration (e.g. Thompson
et al. 2000) and an increase in insulin sensitivity (e.g. Borghouts
& Keizer, 2000). The latter was the result of reductions in both
the insulin and the glucose AUC with exercise (by 7% and
18 %, respectively).

Although a lower postprandial insulin response with exercise
has also been observed in about half of the relevant studies
(Tsetsonis & Hardman, 1996a; Tsetsonis et al. 1997; Gill et al.
1998, 2001, 2002; Hardman et al. 1998; Malkova et al. 1999;
Gill & Hardman, 2000; Koutsari et al. 2001), the lower glucose
response found in the present study is new. The unusual absence
of a rise in the postprandial plasma glucose concentration may be
due to the high basal rate of glucose uptake by the muscles of
endurance-trained athletes (as were the participants in the present
study) and their high insulin sensitivity (Goodyear & Kahn,
1998). It is thus possible that the peak in the postprandial glucose
— and even insulin — concentration occurred before the 30 min
sampling point.

We have examined the effect of exercise on postprandial lipae-
mia in eumenorrhoeic women while controlling for a possible
confounding variable (phase of the menstrual cycle) and measur-
ing plasma oestradiol concentration, which had very similar
values in the two trials. The finding that exercise was able to miti-
gate postprandial lipaemia in a hormonal environment, which has
been reported to favour a low postprandial lipaemic response
(Westerveld, 1998; Van Beek er al. 1999), suggests that it may
confer an additional benefit.

Unlike most studies from other laboratories, the present study
used a moderate-fat meal (35 % total energy), approximating the
macronutrient composition of a typical Western diet. Again, this
did not prevent exercise from having an effect on postprandial
lipaemia. This finding may be more applicable to everyday
life than the findings of studies with high-fat meals. Both in
the present study, and in our previous study employing macada-
mia nuts as the main fat source (Kolifa et al. 2004), we
observed a delayed postprandial peak (at 5—6h) in plasma TG
concentration compared with similar studies (including another
from our laboratory; Petridou er al. 2004) that used other fat
sources. This may indicate a slow absorption of the fat from
macadamia nuts.

The kinetics of plasma NEFA (Fig. 3) reflected the nutritional
state of the subjects: NEFA concentrations dropped sharply after
meal consumption, apparently because of an inhibition of hor-
mone-sensitive lipase in adipose tissue by insulin. The subsequent
rise in plasma NEFA is mainly due to the spill-over of NEFA
from chylomicron TG through the action of lipoprotein lipase in
the adipose tissue capillaries (Frayn, 1998). This also explains
why the individual TG fatty acids that increased postprandially
in both trials (Fig. 2) coincided with the individual NEFA that
exceeded the fasting values at 6 and 8 h (Fig. 4). As with our pre-
vious relevant study (Kolifa er al. 2004), the relatively slow return
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of NEFA to fasting concentrations, compared with other studies,
can be explained by the high carbohydrate content of the test
meal, which resulted in higher insulin concentrations than were
seen in studies with high-fat/low-carbohydrate meals.

What came as a surprise regarding the plasma NEFA kinetics
was their higher concentrations and AUC (by 41 %) in the exer-
cise trial, since most relevant studies have found no significant
differences between rest and exercise (Aldred et al. 1994; Tsetso-
nis & Hardman, 1996a.b; Gill et al. 1998, 2002; Herd et al. 1998,
2000; Malkova et al. 1999, 2000; Koutsari & Hardman, 2001;
Koutsari et al. 2001; Kolifa er al. 2004). The difference observed
in the present study may be attributed to a higher release of NEFA
from adipose tissue in the exercise compared with the control
trial.

Why, however, is there a higher release of NEFA despite a
lower plasma TG level? This could be due to higher lipoprotein
lipase activity, higher hormone-sensitive lipase activity, decreased
TG synthesis or a combination of these effects in adipose tissue.
Because insulin increases lipoprotein lipase activity, decreases
hormone-sensitive lipase activity and stimulates TG synthesis in
adipose tissue (Frayn, 1998), and because the postprandial insulin
response was lower in the exercise trial, the possibility of a higher
lipoprotein lipase activity in the exercise compared with
the control trial is not favoured. It is thus possible that an
exercise-induced activation of hormone-sensitive lipase and/or a
suppression of TG synthesis in the adipocytes created an intra-
cellular surplus of NEFA and a more shallow concentration
gradient across the plasma membrane, which directed more
NEFA toward the circulation.

Another interesting finding of the present study was the higher
U:S NEFA in the exercise trial. The physiological significance of
a high U:S lies in the beneficial role of unsaturated fatty acids in
human health. Apart from the well-established negative corre-
lation between the intake of unsaturated fatty acids and the risk
of CVD, evidence has been presented linking unsaturated fatty
acids with insulin sensitivity (e.g. Gill et al. 1998). The higher
U:S NEFA in the exercise trial is probably due to the higher
total NEFA concentration, since, as already mentioned, circulat-
ing NEFA in the postprandial state emanate from dietary TG,
which had a U:S (5-8, as calculated from Table 2) that was
higher than that of plasma NEFA (Fig. 5). No study on the
effect of exercise on postprandial lipaemia except the ones from
our laboratory (Kolifa er al. 2004; Petridou et al. 2004) has
analysed individual fatty acids. It is worth noting that we have
found a positive effect of exercise on plasma U:S NEFA in the
fasted state as well (Mougios etr al. 2003), although that effect
lasted less than 2h. In contrast, the effect in this study was in
the postprandial period, 16—20h after exercise.

In conclusion, aerobic exercise performed 14 h before the con-
sumption of a moderate-fat meal had a large reducing effect on
postprandial lipaemia in eumenorrhoeic women studied in the
luteal phase and controlled for serum oestradiol concentration.
This shows the potential of exercise to mitigate lipaemia, and
thus play a cardioprotective role, even in the face of a moder-
ate-fat diet and eumenorrhoea, which alone are associated with
a reduced risk of CVD. Exercise also attenuated the postprandial
glycaemic and insulinaemic responses, whereas it increased the
NEFA response, suggesting a lower entrapment of dietary fatty
acids in adipose tissue. Finally, exercise increased the proportion
of U:S NEFA during the postprandial period, which may confer
an additional health benefit.

From the positive findings of our two studies with moderate-fat
meals (the present one and that of Kolifa er al. 2004), it appears
that high-fat meals may not be necessary for exercise to reduce post-
prandial lipaemia. We therefore suggest that future studies in this
field should focus on the characterisation of the effects of exercise
on lipaemia after meals of a regular fat content. Apart from increas-
ing the applicability of the findings to everyday life, this will facili-
tate the harmonisation of physical activity recommendations with
dietary recommendations for healthier living.
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