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We tested the hypothesis that 30min of brisk walking daily would offset the increase in plasma TAG concentrations associated with substituting

dietary fat for carbohydrate. Fourteen subjects (six males) aged 57 (SD 5) years underwent three 4 d trials in a counterbalanced order: (i) 4 d on a

typical UK diet (40% energy from fat, 45% carbohydrate and 15% protein); (ii) 4 d on an isoenergetic diet but substituting fat for carbohydrate in

line with the present recommendations (30% fat, 55% carbohydrate and 15% protein); (iii) 4 d on the same recommended diet with 30min of

brisk walking each day. The food provided for the first 3 d of each trial was isoenergetic with each volunteer’s previously determined daily

energy intake. On day 4, the subjects consumed breakfast, lunch and an early evening meal, equivalent in total to 90% of their daily energy

intake. Blood samples were collected and substrate utilisation and energy expenditure were determined in the fasted state and for 9 h postpran-

dially. Substrate utilisation differed significantly among trials (P¼0·003); RER was higher on the recommended diet trial than during either of

the other two trials (P¼0·012 and 0·021 for the UK diet and recommended diet with walking, respectively). The rise in plasma TAG concentrations

over the day was steeper on the recommended diet trial than on the other two trials (trial £ time interaction, P¼0·040). The increase in postpran-

dial TAG concentrations associated with substituting dietary fat for carbohydrate was offset by 30min of brisk walking daily.

TAG: Walking: Carbohydrates: Postprandial lipaemia

Replacing dietary fat with carbohydrate is recommended in
the prevention of CHD because of the potential to reduce
plasma total and LDL-cholesterol(1). However, high-carbo-
hydrate diets frequently increase fasting(2–6) and postpran-
dial(7–10) plasma TAG concentrations, which are risk factors
for CHD(11–15). The postprandial period may be of particular
importance because most individuals on a Western diet spend
the majority of their day in a non-fasting state. The postpran-
dial period may promote atherosclerosis through: (1) an
accumulation of plasma TAG-rich lipoprotein remnants; (2)
catabolism of HDL and (3) formation of small, dense LDL(16).

Given that high-carbohydrate diets reduce plasma choles-
terol, it is important to investigate ways to offset increases
in plasma TAG concentrations seen when changing to these
diets. One potential strategy is exercise. Endurance-trained
athletes exhibit low fasting TAG concentrations and high
HDL concentrations despite consuming diets high in carbo-
hydrate(17). Moreover, in overweight men who followed a
low-fat high-carbohydrate hypoenergetic diet over 1 year,
those individuals who included regular walking or jogging
(mean distance 15 km/week) demonstrated significantly
greater decreases in fasting TAG and significantly greater
increases in HDL-cholesterol than men who followed the
diet only(18). In overweight women following the same pro-
gramme, only those following a diet plus exercise regimen

showed significant decreases in plasma TAG and significant
increases in HDL-cholesterol compared with sedentary
controls who did not change their diet(18).

Previous investigations demonstrate that exercise can
reduce the postprandial TAG response to a high-fat meal
when following a short-term low-fat high-carbohydrate
diet(19,20). In these studies, subjects consumed a high-fat
meal after 3 d on either a low- or high-carbohydrate diet. Post-
prandial plasma TAG concentrations were higher after the
high- than low-carbohydrate diets. Inclusion of daily exercise,
however, abolished the increase in TAG concentrations with
the high-carbohydrate diets. While these studies demonstrate
that exercise can reduce TAG concentrations after a high-fat
meal with a preceding high-carbohydrate diet, they do not
show whether exercise reduces TAG concentrations after con-
suming meals with increased carbohydrate content. This is an
important issue for individuals who wish to lower their choles-
terol concentration while preventing an increase in their TAG
concentration. It is also important as the alternative to repla-
cing dietary fat with carbohydrate is replacing saturated fat
with unsaturated fat, a recommendation distrusted by some
investigators(21) and one which could send a confusing mess-
age to the public.

The present study, therefore, tested the hypothesis that
30min of brisk walking daily could offset the increase in

*Corresponding author: Stephen F. Burns, fax: þ1 412 692 8531, email stephen.burns@chp.edu

Abbreviation: AUC, area under the plasma concentration v. time curve.
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plasma TAG concentrations associated with a 10% change in
dietary energy (carbohydrate for fat). The dietary change
and activity dose were chosen as they are achievable
for most adults making lifestyle changes and because they
reflect present public-health policies(1,22–25). To test these
changes, we employed a short-term diet and exercise interven-
tion in middle-aged adults. Lipoproteins are accentuated
with short-term dietary changes as the body responds to
changes in diet composition(10). Middle-aged adults were
used because of the large increase in CHD morbidity and mor-
tality that occurs in this age group compared with younger
individuals(26).

Subjects and methods

Subjects

The study was approved by Loughborough University’s Ethi-
cal Advisory Committee and all volunteers gave written
informed consent after an explanation of study procedures.
A total of twenty-two volunteers were recruited over 2 years
from the local community by advertisements and written
letters to individuals who had previously taken part in experi-
ments in our laboratory and who indicated their willingness to
be informed about future studies. Eight subjects withdrew
from the study. One was subsequently found to be a smoker
and hence did not fulfil the selection criteria. Five subjects
withdrew due to personal or work commitments and two sub-
jects were withdrawn because of technical difficulties during
data collection. This left six male and eight female partici-
pants aged 45–63 years who completed the study. Inclusion
criteria were: (i) aged 45–65 years; (ii) no personal history
of CVD, metabolic disease or dyslipidaemia and (iii) resting
arterial blood pressure ,140/90mm Hg; (iv) no extreme diet-
ary habits (proportion of energy from dietary fat .25% or
,45%, as assessed by a preliminary 3-d weighed food
intake inventory of 2 weekdays and 1 weekend day); (v)
non-vegetarian; (vi) non-smoker (vii) not taking drugs
known to influence lipid or carbohydrate metabolism; (viii)
recreationally active but not engaging in strenuous exercise
and (ix) (women only) more than 2 years without a menstrual
period. Some physical characteristics of the subjects are pro-
vided in Table 1. Two female subjects were taking hormone
replacement therapy but made no changes during their partici-
pation in the study.

Study design

A schematic of the study design is provided in Fig. 1. Each
subject spent 4 d following one of three interventions in a
counterbalanced order separated by at least 2 weeks. These
interventions comprised: (i) 4 d on a typical UK diet
(UK)(27); (ii) 4 d on an isoenergetic diet lower in fat and
higher in carbohydrate in line with the present recommen-
dations (recommended)(1,24,25); (iii) 4 d on the same rec-
ommended diet with the addition of one 30min session of
brisk walking each day (recommended þ walking). The food
provided for the first 3 d of each trial was isoenergetic to
each volunteer’s daily habitual energy intake. On the fourth
day, the subjects attended the laboratory and 90% of the
energy intake on the other 3 d was provided. The day before
their first dietary intervention, the subjects were asked to
record the food they ate at home and to repeat this food
intake the day before beginning the next two interventions.
The subjects refrained from alcohol consumption and any
exercise other than that prescribed during the intervention
period. There was a 14-d washout period between interven-
tions where subjects resumed their usual physical activity
and dietary habits.

Preliminary testing

Exercise. One preliminary exercise test was conducted to
establish the steady-state relationship between the submaximal
oxygen uptake ð _VO2Þ and the treadmill gradient during uphill
walking at a constant speed. The maximum oxygen uptake
ð _VO2maxÞ was estimated by the extrapolation of the _VO2/
heart rate relationship obtained during the test to the age-
predicted maximum heart rate (220 – age in years).

Dietary analysis. In order to provide diets isoenergetic to
each volunteer’s daily habitual energy intake, all participants
completed a 3-d weighed food intake inventory of their habit-
ual diet on 2 weekdays and 1 weekend day before beginning
the main trials. Food inventories were analysed for energy
and nutrients using a computerised version (Comp-Eat 5.0;
Nutrition Systems, London, UK) of food composition
tables(28). Analysis of these food inventories showed that the
subjects’ normal diet provided 9·2 (SD 3·4) MJ/d, with 27·4
(SD 6·8) % of energy as fat (9·0 (SD 3·8) % as saturated fat),
54·2 (SD 6·6) % as carbohydrate (23·2 (SD 7·8) % as simple
sugars and 30·7 (SD 9·4) % as complex carbohydrate) and

Table 1. Physical characteristics of the subjects

(Mean values and standard deviations)

Females (n 8) Males (n 6) All subjects (n 14)

Mean SD Mean SD Mean SD

Age (years) 57·6 4·0 56·8 6·4 57·3 5·0
Height (m) 1·61 0·07 1·82 0·08 1·70 0·13
Body mass (kg) 65·8 7·8 90·1 28·8 76·2 22·5
BMI (kg/m2) 25·3 2·4 26·8 5·5 26·0 4·0
Systolic blood pressure (mmHg) 125 9 124 7 124 8
Diastolic blood pressure (mmHg) 81 6 84 6 83 6
Waist circumference (m) 0·82 0·07 0·95 0·21 0·88 0·16
Predicted _VO2 max (ml/kg/per min) 28·3 6·1 39·1 6·8 33·3 8·3
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16·7 (SD 2·8) % as protein. The mean quantity of macronutri-
ents consumed each day was as follows: fat 69 (SD 33) g/d;
carbohydrate 311 (SD 115) g/d; protein 90 (SD 29) g/d.

Experimental diets

The composition of the experimental diets is provided in
Table 2. All food items were provided for the participants,
together with food weighing scales (EKS International SAS,
Wittisheim, France) and detailed instructions about methods
of preparation and cooking. The participants prepared three
meals and one or two snacks each day, to a detailed menu,
weighing each item. The importance of following the diets
‘to the gram’ was explained to the subjects. Researchers
were in regular contact with the volunteers to ensure compli-
ance. On the fourth day of each intervention, during laboratory
studies, food was prepared by the researchers. As the day
spent in the laboratory was of shorter duration than the
other 3 d of the intervention, only 90% of the energy intake
of the other 3 d was provided to avoid overfeeding partici-
pants. Meals in the laboratory were divided into breakfast
(20% energy), lunch (50% energy) and an early evening
meal (30% energy). The UK diet aimed to provide 40%
energy as fat, 45% as carbohydrate and 15% as protein(27).
The recommended diet aimed to provide energy as 30% fat,

55% carbohydrate and 15% protein(1,24,25), with ,10% of
energy from saturated fat. There were slight differences in
the composition of the diet we gave the subjects and the
afore-mentioned proportions (Table 2). The sources of carbo-
hydrate in the diets were cereals, bread, orange juice, sugar,
boiled sweets, biscuits, fruits (apples, pears, bananas and
tinned pineapple), rice, potatoes and crisps. The change in
carbohydrate between the UK and recommended diets was
mostly achieved by manipulating the amounts of these foods
rather than by introducing different foods. The cholesterol
content and ratio of saturated, monounsaturated and polyunsa-
turated fat was held constant between the diets.

Exercise sessions

For the recommended þ walking intervention, the participants
came to the laboratory on each of the 4 d they were on the diet
and walked on a motorised treadmill for 30min. The subjects
were asked to walk at a self-selected ‘brisk’ pace, which was
both comfortable and sustainable for 30min. Heart rate was
monitored using short-range telemetry (SPORT-TESTER;
Polar Electro, Kempele, Finland) and rating of perceived exer-
tion was recorded(29). Expired air samples were collected every
15min into 200 litre Douglas bags (Plysu Protection Systems,
Milton Keynes, UK). Whole-body carbohydrate and fat utilis-
ation rates and energy expenditure in exercise were calculated
from indirect calorimetry, without measurement of urinary
nitrogen excretion(30). On days 1–3 of the intervention, walking
was not taken at a specified time during the day. We did not
specify the time of walking on these days as the present experi-
mental protocol aimed to mimic a short period of lifestyle
change in individuals. On day 4 of the intervention, walking
was performed in the morning, before the consumption of
breakfast and after fasting blood samples were taken, and rest-
ing energy expenditure was measured (see ‘Postprandial proto-
col’). Walking was performed on the morning of day 4 as there
is some uncertainty as to whether exercising during the post-
prandial period is effective at reducing lipaemia(31,32).
In addition, our participants were to consume three meals
within 8 h and we wished to avoid gastrointestinal discomfort
during the postprandial period. Only activities of daily living
were permitted during the two non-exercise interventions.

Fig. 1. A schematic of the protocol. UK diet: 40 % fat; 45 % carbohydrate; 15 % protein. Recommended UK diet: 30 % fat; 55 % carbohydrate; 15 % protein.

Walking: 30 min of ‘brisk’ walking daily. Blood sample ( ) and expired air collection ( ).

Table 2. Composition of the experimental diets

(Mean values and standard deviations)

Component
UK diet Recommended diet

Mean SD Mean SD

Energy (MJ/d) 9·2 3·4 9·2 3·4
Carbohydrate (%) 46·9 56·7

Simple (%) 16·7 26·8
Complex (%) 30·2 29·9

Fat (%) 39·3 30·3
Saturated fat (%) 9·4 7·7
Protein (%) 13·7 13·0
Carbohydrate (g) 257·7 95·1 311·5 115·0
Fat (g) 96·0 35·4 74·0 27·3
Protein (g) 75·3 27·8 71·4 26·4
Cholesterol (mg) 168 62 147 54
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Postprandial protocol

The participants arrived at the laboratory by car after a 12 h
fast, at approximately 08.00 hours. A cannula was introduced
into a forearm or antecubital vein and the subject rested
quietly in a supine position for 10min, after which a baseline
blood sample was obtained. The subject then lay quietly while
RMR and RER were measured using a ventilated hood
attached to an automated metabolic cart. The participants
then consumed their breakfast. The first bite of breakfast
was taken as time 0. Four hours later, the participants were
provided with lunch and 4 h after this an early evening
meal. Further blood samples were collected at hourly intervals
until 9 h after the start of breakfast, with additional smaller
samples at 30 and 45min after breakfast, 45min after lunch
and 30min after the early evening meal. The cannula was
kept patent by flushing with non-heparinised saline (9 g
NaCl/l). Further measurements of RMR and RER were
obtained at 1·5, 3·5, 5·5 and 8·5 h after the start of breakfast
using the ventilated hood. The subjects rested or worked
quietly during the observation period and consumed only
water between meals.

Energy expenditure at rest and during the postprandial period

RMR and RER were measured using a ventilated hood
attached to an automated metabolic cart (GEM Europa Scien-
tific, NutrEn Technology Ltd, Manchester, UK). The subject
was comfortably positioned on the bed and RMR was
measured. The subject spent 15min under the hood, with the
first 5min acting as a habituation and calibration period and
the next 10min for data collection. The ventilated hood was
calibrated for each measurement of RMR and RER. Mean
volumes of O2 and CO2 were used to calculate energy expen-
diture during the measurement period(33). The RER was used
to assess the fraction of energy expenditure contributed by
carbohydrate and fat, assuming that variations in RER were
not affected by protein oxidation.

Analytical methods

Blood samples were collected into pre-cooled 9 and 4·5ml
potassium EDTA monovettes (Sarstedt, Leicester, UK) and
kept on ice until centrifugation within 15min. Plasma was
stored at 2808C until analysed at a later date for plasma
total and HDL-cholesterol (fasted samples only), glucose, 3-
hydroxybutyrate (Randox Laboratories Ltd, Crumlin, UK)
and NEFA (Wako Chemicals GmbH, Neuss, Germany) by
enzymatic colorimetric methods with the use of an automated
centrifugal analyser (Cobas Mira Plus; Roche Diagnostic Sys-
tems, Welwyn Garden City, Hertfordshire, UK). Using the
same analyser, the concentrations of TAG in plasma were
measured enzymatically, with correction for free glycerol(34).
Plasma insulin concentration was determined using a solid-
phase 125I RIA available in a commercial kit (ICN Pharma-
ceuticals, Inc., Costa Mesa, CA, USA). Radioactivity was
measured using an automated gamma counting system
(Cobra II; Packard Instrument Company Inc., Downers
Grove, IL, USA). All samples from all trials for each subject
were always analysed in the same batch. The within-batch CV
was 0·7% for total cholesterol, 1·8% for HDL-cholesterol,

0·9% for glucose, 2·7% for 3-hydroxybutyrate, 0·8% for
NEFA, 1·8% for TAG and 5·7% for insulin.

Calculations and statistics

Results were analysed using statistical software (SPSS 10.0,
SPSS Inc., Chicago, IL, USA). Plasma concentrations in the
fasted state were compared among trials using a one-way
ANOVA for repeated measures. Differences in postprandial
concentrations of measured plasma constituents, energy
expenditure and RER over time were compared among trials
using two-way ANOVA (trial £ time) for repeated measures.
In addition, summary measures of the postprandial responses
were calculated as the total areas under the plasma concen-
tration v. time curves (AUC) using the trapezoidal rule. Incre-
mental AUC was calculated for plasma TAG responses as the
total AUC minus the fasting value extrapolated over 9 h. Sum-
mary measures were compared among interventions using
one-way ANOVA for repeated measures. Multiple t tests
with Bonferroni adjustment (significance values multiplied
by the number of t tests comparisons performed) were used
to determine where significant differences identified by one-
way ANOVA occurred. A 5% level of significance was
adopted throughout. Data are expressed as means and standard
deviations unless stated.

Results

Responses to treadmill walking

Mean speed during treadmill walking over 4 d on the exercise
trial was 6·4 (SD 0·4) km/h (4·0 mph). The _VO2 during walk-
ing was 17·6 (SD 2·1) ml/kg/per min, which represented 53%
of the predicted _VO2 max . Heart rate averaged 114 (SD 15)
beats/min and mean ratings of perceived exertion were 11
(SD 1). Gross energy expenditure for each exercise session
was 0·87 (SD 0·29) MJ (207 kcal), with 36% of the energy
derived from fat and 64% from carbohydrate.

Plasma concentrations in the fasted state

No difference was observed among interventions in concen-
trations of measured fasting plasma constituents on day 4 of
each trial (Table 3).

Postprandial responses

Changes over the postprandial period. Plasma TAG concen-
trations over day 4 of each trial are shown in Fig. 2. There was
no effect of trial for plasma TAG concentrations. This was
possibly because the observed power to detect a trial effect
for TAG from the data within the present study was only
0·377. Plasma TAG concentrations differed over time (main
effect of time, P,0·001). The rise in plasma TAG concen-
trations over the day was steeper on the recommended trial
than on the other two trials, particularly, towards the end of
the day (trial £ time interaction, P¼0·040). The observed
power to detect this interaction was 0·943. Post hoc analysis
revealed six time points at which differences between the
UK and recommended (1, 2, 3 and 8 h) or recommended þ

walking and recommended trials (1 and 9 h) occurred.
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After adjustment for multiple comparisons using the Bonfer-
roni method, the only difference to remain significant was
between the recommended and exercise trials at 9 h
(P,0·001; Fig. 2).

Plasma insulin, glucose, NEFA and 3-hydroxybutyrate
responses over day 4 of the trial are shown in the Appendix.
Although not statistically significant, plasma glucose tended
to be higher on the recommended þ walking trial between
breakfast and lunch (main effect of trial, P¼0·052). No differ-
ence was observed among trials in insulin concentrations.
Glucose (main effect of time, P,0·001) and insulin (main
effect of time, P,0·001) concentrations changed throughout
the day on all trials peaking shortly after each meal. Concen-
trations of NEFA or 3-hydroxybutyrate did not differ among
trials. Both NEFA (main effect of time, P,0·001) and
3-hydroxybutyrate (main effect of time, P,0·001) followed
the same pattern of response over the day, rising to a peak
before meals. The fall in NEFA concentrations immediately
after breakfast was less steep and the rise was greater before
lunch on the recommended þ walking trial than the diet-
only trials (trial £ time interaction, P¼0·004).

Summary data. Nine-hour AUC for measured plasma
constituents on day 4 of each diet is provided in Table 4.
No difference was observed in the total or incremental AUC
for TAG. Glucose AUC was significantly different among
trials. Post hoc analysis revealed that this difference occurred
between the recommended and the recommended þ walking
trials, with values tending to be higher on the recommended þ

walking trial (P¼0·018). No significant difference was
observed in the AUC among trials for any other measured
plasma constituents.

Energy expenditure and substrate utilisation

There were no differences in RMR among trials at baseline or
over the postprandial period on day 4. Energy expenditure
changed over the day rising in the morning after breakfast
and dropping before lunch before rising again throughout
the afternoon on all trials (main effect of time, P,0·001).

Baseline substrate utilisation did not differ among trials but
differed significantly over the day (main effect of trial,
P¼0·003; Fig. 3). Post hoc tests revealed that the RER was
higher on the recommended than the UK (P¼0·012) or
recommended þ walking trial (P¼0·021), indicating a greater
proportion of energy metabolised from carbohydrate on the
recommended diet. The RER followed a similar pattern of
response over the day to the RMR on all trials (main effect
of time, P,0·001).

Discussion

The present study demonstrated that changing the source of 10%
of energy in a typical UK diet from fat to carbohydrate, in line
with the present recommendations, led to a subtle rise in post-
prandial TAG concentrations, particularly towards the end of
the trial days. Importantly, we demonstrated that 30min of
brisk walking each day offsets the small elevation in TAG con-
centrations exhibited in middle-aged, normally active volun-
teers. This finding is practical for most individuals making
lifestyle changes, as brisk walking is specified as one means of
achieving the recommended level of physical activity(22,23).

Fasting TAG concentrations have long been known to be
related to the proportion of energy consumed from dietary
carbohydrate in cross-sectional studies of different popu-
lations(4,5) or in populations where low-fat high-carbohydrate

Table 3. Concentrations of measured plasma constituents in the fasted state for subjects after 3 d on a typical UK
diet (UK diet), a recommended diet (recommended) or the recommended diet plus 30 min of daily walking
(recommended þ walking)

(Mean values and standard deviations, n 14)

UK diet Recommended
Recommended þ

walking

Mean SD Mean SD Mean SD P

TAG (mmol/l) 0·97 0·58 1·12 0·69 1·01 0·73 0·197
Total cholesterol (mmol/l) 6·87 1·69 6·65 1·80 6·53 1·73 0·337
HDL-cholesterol (mmol/l) 1·43 0·41 1·36 0·36 1·39 0·41 0·356
Insulin (pmol/l) 144 79 134 69 138 82 0·515
Glucose (mmol/l) 5·83 0·84 5·92 0·94 6·09 0·70 0·450
NEFA (mmol/l) 0·55 0·16 0·58 0·22 0·63 0·19 0·342
3-Hydroxybutyrate (mmol/l) 0·13 0·07 0·11 0·07 0·16 0·11 0·121

Fig. 2. Plasma TAG concentrations for 9 h while consuming (i) a typical UK

diet (X), (ii) the recommended diet (W) or (iii) the recommended diet

with 30 min of brisk walking (P). Values are means with their standard errors

(n 14). Main effect of time (P,0·001); trial £ time interaction (P¼0·040).

*A significant difference was found between the recommended and

recommended þ walking trial (P,0·001).
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diets are introduced(2,3). Even though mean fasting TAG
concentrations were higher on the recommended than the
UK or recommended þ walking trial, no statistical signifi-
cance was seen among trials in the present study. Thus, the
modest exchange of fat for carbohydrate that we used to rep-
resent realistic lifestyle changes in the present study did not
increase fasting TAG concentrations. This observation has
previously been observed in at least one study where small
increases in carbohydrate in the diet did not change fasting
lipoprotein concentrations(35). In studies with large dietary
increases in carbohydrate, however, fasting TAG concen-
trations have increased(10,19,20). One possibility for the present
finding is that 3 d of dietary intervention was not long enough
to produce significant changes in fasting TAG. However, pre-
vious studies(10,19,20) with dietary interventions of the same
time duration but greater proportions of carbohydrate (70%)
have found significant changes in fasting TAG, suggesting
that it is the proportion of carbohydrate and not the length

of the dietary intervention that may have been the deciding
factor in the present study. An alternative explanation may
be related to our subjects’ background diet, which was on
average already very similar to the recommended diet as
evidenced by their 3-d weighed food inventory. These individ-
uals may have been conscious of their lifestyle or diet, and so
the small changes we made when providing the recommended
diet may have had little impact on their fasting TAG concen-
trations. Certainly, there is some evidence that changes in
fasting TAG concentrations with diet may be transient(36).

Postprandial TAG concentrations have also been shown to
increase in both healthy subjects(9,10,19,20) and subjects with
non-insulin-dependent diabetes mellitus(7,8) when the pro-
portion of carbohydrate intake in the diet has been increased
from a period of 3 d to 6 weeks. A number of these
studies(9,10,19,20) in healthy subjects gave 60–70% carbo-
hydrate in the diet – a proportion greater than that used in
the present study and much greater than that seen in a typical
Western diet. Such a large change in the proportion of macro-
nutrient intake is unlikely to be attainable for most individuals
and may exaggerate the degree of postprandial lipaemia in
comparison with more realistic dietary changes. Thus, we
chose to feed our subjects a smaller proportion of energy
from carbohydrate to reflect lifestyle changes that are in line
with the present recommendations and attainable by most indi-
viduals. These changes produced a very small but significant
rise in postprandial TAG concentrations in the latter stages
of the experimental days. Thus, despite the potential choles-
terol-lowering benefits of substituting carbohydrate for fat,
TAG concentrations are still increased in the short term.
Whether this undesirable effect is maintained for more than
a transient period of initial dietary change(36), or whether
gradually phasing in carbohydrate for fat in small increases(35)

can prevent rises in postprandial TAG concentrations, is
uncertain. As noted in the previous paragraph, however, it is
possible that we did not observe greater changes in TAG con-
centrations between the diets we used because our subjects’
background diet was similar to the recommended diet.

Previous studies have demonstrated that exercise can offset
increases in TAG after consuming high-fat meals preceded by
3 d of short-term high-carbohydrate feeding in healthy young
men(19) and postmenopausalwomen(20). The energy expenditure
of the exercise in those studies (1·58 and 1·46MJ, respectively)
was considerably greater than that used in the present study

Fig. 3. Respiratory exchange ratio for 9 h while consuming (i) a typical UK

diet (X), (ii) the recommended diet (W) or (iii) the recommended diet

with 30 min of brisk walking (P). Values are means with their standard errors

(n 14). Main effect of trial (P¼0·003); main effect of time (P,0·001).

Recommended diet v. typical UK diet (P¼0·012); recommended diet v.

recommended diet þ walking (P¼0·021).

Table 4. Nine-hour area under the plasma concentration v. time curve for measured plasma constituents in subjects after 3 d
on a typical UK diet (UK diet), a recommended diet (recommended) or the recommended diet plus 30 min of daily walking
(recommended þ walking)

(Mean values and standard deviations, n 14)

UK diet Recommended
Recommended þ

walking

Mean SD Mean SD Mean SD P

TAG (mmol£9 h/l) 12·71 7·02 14·57 9·05 13·13 8·52 0·170
Incremental TAG (mmol £ 9 h/l) 4·03 2·70 4·55 3·10 4·07 2·41 0·466
Insulin (pmol £ 9 h/l) 5232 2718 4988 2324 4801 1883 0·192
Glucose (mmol £ 9 h/l) 66·29 10·51 64·89 9·79 70·02* 7·44 0·026
NEFA (mmol £ 9 h/l) 1·99 0·61 1·72 0·81 2·08 0·65 0·099
3-Hydroxybutyrate (mmol £ 9 h/l) 0·54 0·23 0·47 0·23 0·62 0·25 0·116

* Recommended þ walking v. recommended (P¼0·018).
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because of the differences in either exercise intensity
or duration. In addition, the proportion of carbohydrate fed in
those studies (70%) was considerably greater than that we
used. The present study adds to these previous investigations
by demonstrating that a more attainable exercise volume(22,23)

can offset increases in postprandial TAG concentrations with
more realistic increases in dietary carbohydrate. In addition, it
demonstrates that exercise can offset these increases in response
to carbohydrate meals per se rather than a high-fat meal fed after
consuming a short-term high-carbohydrate diet.

Exercise can ameliorate increases in fasting TAG from
high-carbohydrate diets(20,37,38). Although fasting TAG
concentrations were lowered (0·11mmol/l reduction) when
walking was performed in conjunction with the recommended
diet in the present study, this reduction was not significant.
Nonetheless, it is still possible that exercise reduced the
contribution of endogenous hepatic TAG during the postpran-
dial period. High-carbohydrate diets probably accelerate hepa-
tic TAG secretion by suppressing NEFA oxidation in the
liver(39). The decreased RER across the postprandial period
on the recommended þ walking intervention compared with
the recommended trial suggests that fat oxidation was
increased, probably in response to the energy deficit created
by the exercise. Although RER reflects whole-body fat
oxidation, it does not seem unreasonable to suggest that fat oxi-
dation was also increased in the liver. Certainly, when exercise
has been added to a short-term high-carbohydrate diet pre-
viously(20), decreased concentrations of postprandial hepatic
TAG have been observed after the subjects consumed a high-
fat meal. One piece of evidence against this hypothesis in the
present study is that plasma 3-hydroxybutyrate concentrations,
a marker of fat oxidation in the liver, were not increased with the
addition of walking to the recommended diet.

Plasma NEFA concentrations fell more slowly after breakfast
on the recommended þ walking trial than that on the other
trials. Possibly adipose tissue TAG breakdown was slower to
fall post-exercise because of increased skeletal muscle or liver
energy requirements. The steeper rise in NEFA concentrations
before lunch could also be to account for the energy deficit in
these tissues. Interestingly, NEFA concentrations in the after-
noon did not differ among trials. It may be that as exogenous
TAG delivery to the muscle was at its greatest later in the
day, the muscle was less reliant on endogenous energy from adi-
pose tissue TAG breakdown. Plasma TAG concentrations were
certainly at their highest in the afternoon reflecting the slower
entry of exogenous TAG into the system. Moreover, skeletal
muscle lipoprotein lipase, the capillary-bound enzyme respon-
sible for hydrolysing TAG for uptake into the tissue, has a
delayed increase after exercise and the activity of this enzyme
is not thought to be at its greatest for at least 8 h after exercise,
which may explain the higher reliance on endogenous fat
sources during the morning(40).

Previous studies have demonstrated that postprandial
reductions in TAG are determined by the energy expenditure
of the previous exercise(41–43). It is possible that if our sub-
jects had been left to eat under conditions of free energy
intake, they may have replenished some or all the energy
deficit created by the walking when it was added to the
recommended diet, negating the reduction in lipaemia. None-
theless, exercise is known to reduce postprandial lipaemia
over and above that produced by an energy deficit alone(44).

In addition, endurance-trained athletes exhibit low plasma
fasting(17) and postprandial(45) TAG concentrations despite
consuming diets high in carbohydrate.

Conversely, two recent investigations, in normal-weight
white women(46) and overweight white men(47), which have
replaced the energy deficit created by an exercise bout with a
post-exercise meal, have found that postprandial lipaemia was
not attenuated in response to a high-fat meal the morning
after. Interestingly, this was not the case in black women
where exercise was still effective at reducing TAG concen-
trations despite replacement of the energy deficit(46).
Thus, there is some debate as to whether exercise can reduce
postprandial lipaemia without a concomitant energy deficit.
Possibly the effect is mediated by race, age, training status or
the energy expenditure of the prior exercise.

Aswith fastingTAG, it is possible that changes todiet and exer-
cise in the present study were not of sufficient size or duration to
cause significant differences in fasting total or HDL-cholesterol.
Nonetheless, the change in mean concentrations of total and
HDL-cholesterol observed among the trials was as expected
with these interventions. In comparison with the UK trial, the
mean total cholesterol was reduced on the recommended diet
and further reduced on the recommended þ walking interven-
tion, while HDL-cholesterol concentration was reduced on the
recommended diet, but the addition of walking increased its
concentration nearer to that observed on the UK diet. Over a
longer diet and intervention period, such changes could well
translate into positive health benefits for an individual.

In conclusion, the present study demonstrates that 30min of
brisk walking daily is sufficient to offset the small rise in TAG
associated with changing from a typical UK diet to one that is
lower in fat and higher in carbohydrate as frequently rec-
ommended. This finding may be important for individuals who
wish to receive the cholesterol-lowering benefits of lower-fat
diets while at the same time preventing any increases in TAG.
It is also important that the changes to diet and exercise
described are achievable by most individuals in the population.
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Appendix

Fig. A1. (a) Plasma insulin, (b) NEFA, (c) glucose and (d) 3-hydroxybutyrate concentrations for 9 h while consuming (i) a typical UK diet (X), (ii) the recommended

diet (W) or (iii) the recommended diet with 30 min of brisk walking (P). Values are means with their standard errors (n 14). Insulin: main effect of time (P,0·001);

NEFA: main effect of time (P,0·001) and trial £ time interaction (P¼0·004); glucose: main effect of trial (P¼0·052) and main effect of time (P,0·001); 3-hydroxy-

butyrate: main effect of time (P,0·001).
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