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Whole-body fat oxidation rate and plasma triacylglycerol
concentrations in men consuming an ad libitum high-carbohydrate
or low-carbohydrate diet1–3

Nancy Landry, Nathalie Bergeron, Roodly Archer, Pierre Samson, Louise Corneau, Jean Bergeron, and Olivier Dériaz

ABSTRACT
Background: High-carbohydrate diets may increase plasma tria-
cylglycerol concentrations either by increasing production of tri-
acylglycerols or by reducing their clearance.
Objective: We assessed whether the changes in plasma triacyl-
glycerol concentrations induced by dietary interventions were
associated with the changes in whole-body fat oxidation rates.
Design: In a parallel study, 37 healthy male subjects [body mass
index (in kg/m2): 28 ± 5, age: 34 ± 11 y (x– ± SD)] consumed an
ad libitum high-carbohydrate (60% of energy; n = 19) or low-car-
bohydrate (46% of energy), high-fat (41% of energy, 23% as
monounsaturated fatty acids; n = 18) diet for 7 wk. The following
variables were measured before and after the dietary interventions:
1) plasma triacylglycerols before and 2, 4, 6, and 8 h after a meal
(containing 40% of daily energy needs and 41% fat); 2) indirect
calorimetry throughout the 8-h test; and 3) postheparin plasma
lipoprotein lipase (phLPL) activity at time 8 h of the test.
Results: The diets induced changes in 1) body weight:
�2.5 ± 2.8 kg (P < 0.01) and �1.7 ± 3.1 kg (P < 0.05) and 2)
fasting plasma triacylglycerols: 0.0 ± 0.4 mmol/L (NS) and
�0.3 ± 0.3 mmol/L (P < 0.05) for the high-carbohydrate and the
low-carbohydrate diets, respectively. In normoinsulinemic sub-
jects (fasting insulin < 100 pmol/L), dietary changes in postpran-
dial triacylglycerols were significantly predicted by changes in
phLPL, body weight, respiratory quotient (or fat oxidation), and
the type of diet (stepwise multiple linear regression).
Conclusion: Postprandial plasma triacylglycerol concentrations
may depend at least partly on fat oxidation, body weight, and LPL
activity. Am J Clin Nutr 2003;77:580–6.

KEY WORDS Blood triacylglycerols, high-carbohydrate diet,
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INTRODUCTION

There is increasing evidence that high plasma triacylglycerol
concentrations and a prolonged accumulation of postprandial
triacylglycerol-rich VLDLs, chylomicrons, and their remnants
are independent risk factors for coronary heart disease (1). The
synthesis of VLDLs depends on several factors, such as plasma
fatty acid availability, liver fat content, and hepatic de novo lipo-
genesis (2). In addition to these factors, the macronutrient com-
position of the diet is known to affect VLDL synthesis (3) and,
thereby, plasma triacylglycerol concentrations. It has repeatedly
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been reported that isocaloric high-carbohydrate diets increase
fasting VLDL concentrations (4), probably through their stimu-
lating effect on hepatic lipogenesis (5). Yet, Packard et al (6)
recently reported that VLDL clearance is also an important reg-
ulator of VLDL concentrations in healthy men. Clearance of
VLDLs can occur via 2 main pathways: 1) storage of triacyl-
glycerols essentially at the adipose tissue level but also at the
skeletal muscle level (7) and 2) oxidation of triacylglycerols
mainly by skeletal muscle. However, which pathway plays a pre-
dominant role in the regulation of plasma triacylglycerol con-
centration remains to be investigated.

From plasma triacylglycerol-rich lipoprotein (TRL) arteriove-
nous difference measurements, it has been estimated that TRLs
are mainly cleared at the adipose tissue level and to a lesser extent
at the skeletal muscle level (8). This is in accordance with the con-
cept that an excess in fat intake will most likely be stored rather
than oxidized (9). Moreover, fat oxidation (FATOX) generally
decreases after a meal (10). Interestingly, it was reported that a
significant fraction of fatty acids produced by the hydrolysis of
TRLs are not stored in situ but rather are released into the blood
(11). Therefore, it cannot be excluded that a fraction of TRLs,
hydrolyzed at the adipose tissue level, are stored or oxidized or
both elsewhere. Feeding high-carbohydrate diets for several days
was reported to decrease the FATOX rate, whereas low-carbohy-
drate, high-fat diets were reported to increase the FATOX rate (12,
13). Therefore, it can be hypothesized that high-carbohydrate diets
may modulate TRL concentrations through their action on tria-
cylglycerol clearance (ie, FATOX rate and fat storage) in the fast-
ing and postprandial states.

This hypothesis is in accordance with the observation that post-
heparin plasma lipoprotein lipase (phLPL; EC 3.1.1.34) activity,
which is an index of the whole-body activity of lipoprotein lipase,
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TABLE 1
Physical characteristics and plasma lipid concentrations of the subjects at
baseline1

High-carbohydrate Low-carbohydrate
diet group (n = 19) diet group (n = 18)

Age (y) 34 ± 10 34 ± 12
Body weight (kg) 87 ± 11 85 ± 17
Height (cm) 175 ± 6 175 ± 6
BMI (kg/m2) 28 ± 4 28 ± 6
Fatty acids (mmol/L) 0.31 ± 0.12 0.32 ± 0.13
Plasma glucose (mmol/L) 5.3 ± 0.4 5.1 ± 0.4
Plasma insulin (pmol/L) 60 ± 22 64 ± 28
Postheparin lipoprotein lipase 71 ± 34 62 ± 36 
(nmol ·min�1 ·mL�1)

Fasting plasma triacylglycerols 1.12 ± 0.49 1.25 ± 0.32
(mmol/L)

Postprandial plasma 876 ± 396 889 ± 242 
triacylglycerols (mmol ·min/L)

1x– ± SD. There were no statistically significant differences between the
groups (one-factor ANOVA).

a key enzyme of plasma triacylglycerol clearance, is inversely
related to the area under the curve of postprandial triacylglyc-
erols (14).

The aim of the present study was to assess whether the changes
in body weight, phLPL, and FATOX rate induced by ad libitum
feeding of a high-carbohydrate diet or a low-carbohydrate diet are
determinants of the changes in fasting and postprandial plasma
triacylglycerol concentrations induced by these diets. For both
diets, the percentage of fat intake accounted for by monounsatu-
rated fatty acids was high (50%). Monounsaturated fatty acids
have a known beneficial effect on plasma lipids (15–18).

SUBJECTS AND METHODS

Subjects

Thirty-seven white men [age: 34 ± 11 y; body mass index
(in kg/m2): 28 ± 5 (x– ± SD)] were recruited in the Québec met-
ropolitan area through advertisement in local newspapers. The
participants were nonsmokers, normoglycemic, normolipidemic,
and free of any thyroid, endocrine, cardiovascular, hepatic, or
renal disorders. Subjects who underwent major surgery within the
past 2 months, experienced fluctuations in body weight (> 3 kg)
in the 2 mo preceding study onset, had excessive alcohol intake
(> 30 g/d), had taken drugs, or had unusual dietary habits were
excluded. Physical characteristics and fasting serum lipid con-
centrations of the subjects at baseline are shown in Table 1. After
receiving a detailed description of the experimental protocol, all
subjects gave their informed consent to participate in the study,
which was approved by the Clinical Research Ethical Committee
of Laval University.

Dietary intervention

The subjects were randomly assigned to either a high-carbohydrate
or low-carbohydrate diet, which they consumed on an ad libitum
basis for 7 wk. During the dietary intervention, all the food was
provided by the metabolic kitchen of the Department of Food Sci-
ence and Nutrition of Laval University. The subjects were also
instructed to maintain their usual physical activity level through-
out the study. On weekdays, the subjects were required to eat their

lunch at the research unit under the supervision of a dietitian and
were at this time given their packaged breakfast and evening meals
to take home. On weekends, all meals were provided by the
research unit but were packaged to take home. Multivitamin and
mineral supplements and alcohol consumption were discontinued
1 wk before study onset and for the duration of the study.

Before the beginning of the study, each subject completed a 3-d
food-intake diary to estimate his usual energy intake. Energy
expenditure was also measured in the fasting state, by indirect
calorimetry. Daily energy needs were defined as the average
between a subject’s resting energy expenditure multiplied by 1.5
and his usual daily energy intake calculated with the 3-d dietary
record. For some individuals, energy needs may have been under-
estimated (ie, the factor 1.5 may be low for lean, free-living indi-
viduals and for some subjects who may have underreported their
energy intake). To ensure that a sufficient amount of food was pro-
vided but also to allow for ad libitum consumption of the diets,
150% of the subjects’ estimated energy needs were provided dur-
ing the experimental protocol.

The experimental diets were formulated as 7-d rotating menus
and were designed to supply daily allowances of essential nutri-
ents as recommended by Health and Welfare Canada. The nutri-
tional composition of the experimental diets and dietary records
was calculated by using the Canadian Nutrient File database
(Health Canada, Ottawa, 1997).

The subjects were then instructed to eat their meals on an ad
libitum basis, until their habitual satiety was met. All leftovers
were returned to the research unit and weighed to determine the
quantity of food eaten. The 2 experimental diets contained simi-
lar food items and ingredients, which were provided in different
proportions and were prepared daily in weighed individual por-
tions. One diet was low in fat (27% of energy; polyunsaturated:
saturated fat = 0.89) and high in complex carbohydrates (60% of
energy); the other was low in carbohydrates (46% of energy) and
high in fat (41% of energy; 23% monounsaturated fatty acids
provided mainly as olive oil; polyunsaturated:saturated fat =
0.93). On request and especially for those habituated in eating
between meals, participants were provided with snacks prepared
in the metabolic kitchen. Each snack contained 837 kJ and had
the same macronutrient composition as that of its respective
experimental diet. The nutrient composition of the experimental
diets is shown in Table 2.

Protocol for postprandial studies

Postprandial studies were conducted on days 1 and 49. The sub-
jects were advised to avoid any vigorous or moderate physical
exercise during the 3 d preceding each test. On the morning of the
postprandial studies, a catheter was introduced into an antecubital
vein and a saline perfusion was installed to collect blood samples
throughout the day. After the subjects, who had fasted 12 h, rested
for 30 min in a supine position, indirect calorimetry measurements
were performed for 20 min in the postabsorptive state. Blood sam-
ples were collected in the postabsorptive state and 2, 4, 6, and 8 h
after consumption of a standard test meal that provided 40% of
daily energy needs. The test meal was consumed within 15 min,
and, to minimize de novo lipogenesis, was similar in composition
to the low-carbohydrate diet (41% energy intake as fat; Table 2).

Blood variables

Fasting and postprandial blood samples were collected into
tubes containing disodium EDTA (0.03%). The samples were
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TABLE 2
Nutrient composition of the usual and experimental diets1

High-carbohydrate diet (n = 19) Low-carbohydrate diet (n = 18)

Usual diet Experimental diet Usual diet Experimental diet2

Energy (MJ) 12 ± 3.6 12 ± 2.2 13 ± 3.8 13 ± 2.6
Protein

(g) 98 ± 28 119 ± 213 116 ± 33 119 ± 24
(% of energy) 14 ± 3 16 ± 03 15 ± 3 16 ± 0

Carbohydrate
(g) 397 ± 135 434 ± 80 366 ± 128 351 ± 70
(% of energy) 54 ± 6 60 ± 03 47 ± 7 46 ± 0

Fat
(g) 111 ± 35 86 ± 163 130 ± 47 140 ± 28
(% of energy) 34 ± 4 27 ± 03 38 ± 6 41 ± 04

Saturated fatty acids
(g) 40 ± 14 19 ± 43 46 ± 18 28 ± 63

(% of energy) 12 ± 2 6 ± 03 13 ± 3 8 ± 03

Polyunsaturated fatty acids
(g) 21 ± 8 17 ± 34 25 ± 10 26 ± 5
(% of energy) 7 ± 2 5 ± 04 7 ± 2 8 ± 0

Monounsaturated fatty acids
(g) 41 ± 14 43 ± 8 49 ± 20 77 ± 153

(% of energy) 13 ± 2 13± 0 14 ± 3 23 ± 03

Cholesterol (mg/1000 kJ) 25 ± 8 25 ± 0 34 ± 12 26 ± 03

Alcohol
(g) 4 ± 7 04 5 ± 10 0
(% of energy) 1 ± 2 1 ± 3

P:S 0.64 ± 0.45 0.89 ± 03 0.56 ± 0.22 0.93 ± 03

1 x– ± SD. P:S, ratio of polyunsaturated to saturated fatty cids. The percentage of macronutrients was preset for the experimental diets; therefore, the SDs
are close to zero. The SDs for the usual diet are much greater than those for the experimental diet because the proportion of macronutrients was not preset
and because subjects tend to selectively underreport intakes of energy and specific macronutrients, making the estimation of diet composition by a 3-d dietary
record less accurate. The usual diet was calculated from a 3-d dietary record; the experimental diet was calculated from the weight measurement of all meals
given to the subjects during the last 14 d before the test day.

2 Significantly different from the high-carbohydrate diet, P < 0.01, for all nutrients except energy and protein, expressed in grams (ANOVA).
3,4 Significantly different from the usual diet: 3 P ≤ 0.01, 4 P ≤ 0.05.

immediately centrifuged at 4 �C for 10 min at 1500 � g to obtain
plasma and were stored at 4 �C with benzamidine (0.03%) until
analysis. Total TRLs (chylomicrons and VLDL) were separated
by ultracentrifugation (d = 1.006 g/mL) of 4 mL plasma in a 50.3
Beckman rotor (Beckman Instruments, Inc, Fullerton, CA), spun
at 93 000 � g (average) at 4 �C for 18 h. Plasma and lipoprotein
lipid concentrations were determined enzymatically on an RA-500
Auto-Analyzer (Technicon RA-500 analyzer, Bayer Corporation,
Tarrytown, NY), as previously described (19).

Fasting and postprandial plasma glucose concentrations
were determined with a glucose oxidase assay from Sigma
(St Louis; 20). Plasma insulin concentrations were measured
by a commercial double-antibody radioimmunoassay (Linco,
St Louis) that shows little cross-reactivity (< 0.02%) with
proinsulin (21).

phLPL activity

Eight hours after consumption of the test meal, the subjects
received an intravenous injection of heparin (60 IU/kg body
weight). Plasma LPL activity was determined in plasma obtained
10 min after the injection of heparin (at time 8 h, 10 min of the
indirect calorimetry measurements). The activity was measured
by a modification (22) of the method of Nilsson-Ehle and Ekman
(23) and expressed in nanomoles of oleic acid released per milli-
liter of plasma per minute.

Indirect calorimetry

Energy expenditure and substrate utilization were assessed with
an open-circuit indirect calorimetry system (SensorMedics Vmax
29; Yorba Linda, CA). The subjects placed their heads in a trans-
parent ventilated box, and analysis of air entering and leaving this
box permitted the calculation of oxygen consumption and carbon
dioxide production (24). From gas exchanges, energy consumption
and substrate utilization were calculated by using each macronu-
trient’s specific respiratory quotient, heat equivalent of oxygen,
and energy density (25). Urinary nitrogen excretion was measured
the night before and throughout the test to calculate mean protein
oxidation. After 20 min of baseline measurements, the ventilated
box was removed and the test meal was given. Then indirect
calorimetry measurements were performed throughout the day by
transferring the ventilated box from one subject to the other every
20 min. The subjects were told to stay in a supine position and to
remain awake and motionless throughout the procedure; they were
allowed to watch television. Quiet walking was permitted, not to
exceed 2 separate periods of 15 min during the entire day.

Statistical analysis

The JMP statistical program (version 3.1.6; SAS Institute Inc,
NC) was used to perform statistical analyses. Stepwise multiple
linear regressions were used to predict triacylglycerol concentra-
tions. The following independent variables were tested: FATOX,
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TABLE 3
Changes in body weight and blood variables induced by the 7-wk
ad libitum diets1

High-carbohydrate Low-carbohydrate
diet (n = 19) diet (n = 18)

Body weight (kg) �2.5 ± 2.82 �1.7 ± 3.13

Fatty acids (mmol/L) 0.08 ± 0.163 0.08 ± 0.2
Glucose (mmol/L) �0.2 ± 0.33 �0.0 ± 0.3
Insulin (pmol/L) �6.0 ± 21.7 6.5 ± 29.7
Postheparin lipoprotein �1 ± 18 0 ± 35 
lipase (nmol ·min�1 ·mL�1)

Fasting plasma triacylglycerols 0.0 ± 0.4 �0.3 ± 0.32

(mmol/L)
Postprandial plasma �38 ± 267 �159± 2162

triacylglycerols (mmol ·min/L)
1 x– ± SD.
2,3 Significantly different from the beginning of the study: 2 P ≤ 0.01,

3 P ≤ 0.05.

fatty acids, LPL activity, and body weight loss. Student’s t tests
were used to compare the energy expenditure and macronutrient
oxidation before and after the dietary intervention. A one-factor
analysis of variance was used to calculate the differences between
diets. Postprandial triacylglycerol responses were calculated as
the area under the 0–8-h triacylglycerol curve.

RESULTS

The composition of the diets before and during the dietary
interventions is shown in Table 2. As expected, there was a signi-
ficant difference in carbohydrate intake between diets. However,
although the high-carbohydrate diet provided a greater percent-
age of energy from carbohydrate than did the habitual diet, the
absolute gram amount of carbohydrate consumed during the
experimental diets did not differ significantly from that consumed
during the subjects’ habitual diets.

Consumed ad libitum, both diets led to a significant reduction
in body weight (Table 3). A significant decrease in fasting and
postprandial triacylglycerol concentrations was observed only
after the low-carbohydrate diet (Table 3). When subjects from both
diet groups were pooled, there was a positive correlation between
changes in plasma triacylglycerols and changes in body weight
either in the fasting (r = 0.39, P < 0.05) or in the postprandial
(r = 0.56, P < 0.05) state. In a stepwise multiple linear regression
analysis, fasting and postprandial triacylglycerol concentrations
were significantly predicted by body weight, the type of diet, and
phLPL activity (Tables 4 and 5). Four subjects with plasma insulin
concentrations > 100 pmol/L were clearly outliers for insulinemia

and were considered as hyperinsulinemic. When these subjects
were excluded from the analyses, the changes in FATOX were also
found to be a good predictor of the postprandial changes in tria-
cylglycerol concentrations, in addition to the type of diet and to
changes in body weight and phLPL activity (Table 5). Similar
stepwise multiple regression analyses were performed for each
diet separately. In this case, changes in plasma triacylglycerols
were significantly predicted by changes in phLPL (P = 0.003) and
respiratory quotient (P = 0.05) under the high-carbohydrate diet
(R2 = 0.48) and by changes in respiratory quotient (P = 0.02) under
the low-carbohydrate diet (R2 = 0.37).

Indirect calorimetry results

Indirect calorimetry results are presented in Table 6. Changes
in indirect calorimetry variables induced by the high-carbohy-
drate diet did not differ from those induced by the low-carbohy-
drate diet. Except for fasting energy expenditure that remained
unchanged after the high-carbohydrate diet (P = 0.08), fasting
and postprandial energy expenditure were both significantly
decreased after the dietary period (P < 0.05). In contrast, the
postprandial FATOX rate was significantly decreased after the high-
carbohydrate diet (P < 0.05) but not after the low-carbohydrate diet.
Finally, in the fasting state, the 7-wk dietary periods did not
induce significant changes in either carbohydrate or protein oxi-
dation rates.

DISCUSSION

Several studies in addition to ours showed that a high-carbohydrate,
low-fat diet, when consumed ad libitum, promotes weight loss
(26–28). This effect may be explained by the higher satiating effect
(29–31) or the lower energy density (32) of high-carbohydrate diets
or a combination of these factors. The resulting drop in energy
intake, and thereby body weight, that often follows the con-
sumption of a high-carbohydrate diet is in discordance with the
fact that in our study, energy intakes were apparently not reduced
under either dietary intervention (Table 2). The most probable
explanation for this discrepancy is that, as is often the case in
obese subjects (33), our subjects most likely selectively underre-
ported their usual intake of energy and specific nutrients. Hence
their intakes of energy and certain macronutrients when con-
suming their usual diet were probably higher than what was
reported in their 3-d food record. We therefore believe that com-
pared with their usual diets, the dietary interventions were most
likely hypoenergetic and thereby promoted weight loss.

In accordance with earlier reports (27, 28), ad libitum con-
sumption of a high-carbohydrate diet in the present study resulted
in a modest but significant weight loss (Table 3). Surprisingly,
the low-carbohydrate, high-fat diet was also associated with a

TABLE 4
Stepwise multiple linear regression to predict triacylglycerol concentrations in the fasting state in normoinsulinemic subjects1

Parameter Estimate R2 Probability > F

Intercept (kJ/min) 0.02 0 1.0
Diet (high carbohydrate � low carbohydrate) 0.192 0.28 0.01
Changes in body weight (kg) 0.06 0.37 0.02
Changes in phLPL (nmol ·min�1 ·mL�1) �0.005 0.48 0.02

1 n = 33; R2 = 0.48. Changes in triacylglycerol are expressed in mmol/L. The following independent variables were tested: type of diet, body weight (kg),
fatty acids (mmol/L), energy expenditure (kJ/min), fat oxidation (kJ/min), and postheparin lipoprotein lipase activity (phLPL; nmol ·min�1 ·mL�1).

2 For the high-carbohydrate diet, the estimate was +0.19, whereas for the low-carbohydrate diet, the estimate was �0.19.
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TABLE 5
Stepwise multiple linear regression to predict changes in triacylglycerol concentrations in the postprandial state in normoinsulinemic subjects1

Parameter Estimate R2 Probability > F

Intercept (kJ/min) �27.4 0 1.0
Diet (high carbohydrate � low carbohydrate) �75.72 0.18 0.02
Changes in body weight (kg) 41.2 0.29 0.01
Changes in phLPL (nmol ·min�1 ·mL�1) �3.0 0.43 0.01
Changes in fat oxidation (kJ/min) �58.4 0.51 0.02

1 n = 33; R2 = 0.51. Changes in triacylglycerols are expressed in mmol ·min/L. The following independent variables were tested: type of diet, changes in
body weight (kg), changes in fatty acids (mmol/L), changes in energy expenditure (kJ/min), changes in fat oxidation (kJ/min), and changes in postheparin
lipoprotein lipase activity (phLPL; nmol ·min�1 ·mL�1).

2 For the high-carbohydrate diet, the estimate was +75.7, whereas for the low-carbohydrate diet, the estimate was �75.7.

significant decrease in body weight (Table 3). Therefore, both
diets can be considered to be hypoenergetic. Because our diets
were administrated on an ad libitum basis, the weight loss
observed can probably be explained by a so-called nonspecific
effect of the dietary intervention protocol. For both dietary inter-
ventions, the subjects changed their eating habits (eg, taking meals
with other participants at the Nutrition Department and eating
under the surveillance of dieticians and staff) and were obviously
aware that their body weight was closely monitored. These fac-
tors may also have influenced total energy intake independently
from the macronutrient content of the diets.

As mentioned above, high-carbohydrate diets are known to
increase plasma triacylglycerol concentrations when fed under
conditions where energy intake is controlled to keep body weight
constant (34–36). Interestingly, under ad libitum conditions and
associated with weight loss, we found that plasma triacylglycerols
did not change significantly after the high-carbohydrate diet. As
expected from results published in the literature (37–41), this
weight loss appears to be a good predictor of changes in triacyl-
glycerol concentrations in the fasting and postprandial states, as
shown by our stepwise linear regression (Tables 4 and 5). It can-
not be excluded that the weight loss observed in the present study
had beneficial effects on blood lipids that appeared to overcome
the increase in plasma triacylglycerols typically seen when such
diets are consumed under isoenergetic conditions. This hypothe-
sis is supported by our multiple linear regression results in which
both body weight changes and the type of diet were found to predict

changes in fasting plasma triacylglycerols (Table 4). From the
equation prediction, a high-carbohydrate diet would be expected
to increase fasting plasma triacylglycerols by 0.19 mmol/L if body
weight was constant. Similarly, a low-carbohydrate diet (which is
also rich in fat and monounsaturated fatty acids) is expected to
decrease fasting plasma triacylglycerols by 0.19 mmol/L. From our
model, the modest weight loss observed after the high-carbohydrate
diet (2.5 kg) may have induced a decrease in fasting triacylglyc-
erols (�2.5 kg � 0.06 mmol · L�1 · kg�1 = �0.15 mmol/L) that par-
tially compensated for the calculated effect of a high-carbohydrate
diet. It is also possible that changes in nutrients other than carbo-
hydrate (eg, total fat, polyunsaturated and saturated fatty acids,
fiber, etc) may have contributed to the significant dietary effect
predicting changes in plasma triacylglycerols. Yet, because the
absolute amount of carbohydrate consumed with the high-carbo-
hydrate diet was not significantly greater than what subjects
apparently consumed during their usual diet, we cannot exclude
the possibility that plasma triacylglycerols might have increased
had the difference in carbohydrate intake between the usual and ad
libitum high-carbohydrate diet been greater. Our results showing
no change in plasma triacylglycerols after the high-carbohydrate
diet are nonetheless in general accordance with those of Lichten-
stein et al (42), who reported that plasma triacylglycerols are
reduced when consumption of a low-fat, high-carbohydrate diet
is associated with weight loss.

Both diets were followed by a reduction in energy expenditure.
In accordance with earlier reports (43–45), the decrease in energy

TABLE 6
Indirect calorimetry results before and after the 7-wk ad libitum diets and the changes induced by the diets1

High-carbohydrate diet (n = 19) Low-carbohydrate diet (n = 18)

Before diet After diet Change Before diet After diet Change

Fasting
Energy expenditure (kJ/min) 5.62 ± 0.75 5.43 ± 0.69 �0.19 ± 0.43 5.67 ± 0.69 5.30 ± 0.82 �0.37 ± 0.492

Carbohydrate oxidation (kJ/min) 1.23 ± 0.79 0.95 ± 0.83 �0.29 ± 1.16 0.97 ± 0.83 0.87 ± 0.91 �0.09 ± 1.04
Fat oxidation (kJ/min) 2.86 ± 0.77 2.66 ± 1.1 �0.20 ± 1.22 3.17 ± 1.1 2.88 ± 0.76 �0.28 ± 0.89
Protein oxidation (kJ/min)3 1.53 ± 0.53 1.83 ± 0.52 0.30 ± 0.71 1.54 ± 0.52 1.55 ± 0.41 0.01 ± 0.51
Respiratory quotient 0.80 ± 0.04 0.80 ± 0.05 0.00 ± 0.06 0.79 ± 0.05 0.79 ± 0.05 0.00 ± 0.05

Postprandial
Energy expenditure (kJ/min) 6.88 ± 0.62 6.56 ± 0.77 �0.32 ± 0.442 6.76 ± 0.77 6.38 ± 0.76 �0.38 ± 0.42

Carbohydrate oxidation (kJ/min) 1.89 ± 0.71 1.94 ± 0.8 0.05 ± 0.82 1.65 ± 0.8 1.5 ± 0.71 �0.14 ± 0.97
Fat oxidation (kJ/min) 3.46 ± 0.87 2.79 ± 1.04 �0.67 ± 1.022 3.57 ± 1.04 3.33 ± 0.71 �0.25 ± 1.09
Respiratory quotient 0.82 ± 0.03 0.83 ± 0.04 0.01 ± 0.04 0.81 ± 0.04 0.81 ± 0.03 0.00 ± 0.04

1 x– ± SD.
2 Significantly different from zero, P < 0.05.
3 Urine collection was taken throughout the test, and therefore fasting and postprandial periods could not be separated.
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expenditure can be accounted for by the reduction in body
weight. When body weight is constant, the oxidation of each
macronutrient tends to be equal to its intake (ie, the balance of
each macronutrient is equilibrated; 12, 13). In the present study,
the subjects were not in energy balance and nutrient oxidation
rates were not measured during but after the dietary interventions.
Interestingly, under these conditions, the FATOX rate measured
after a standard meal (40% fat) remained changed 1 d after the
end of the dietary interventions.

In the stepwise regression, the change in phLPL activity induced
by the diets was also a significant predictor of the changes in fasting
and postprandial triacylglycerol concentrations (Tables 4 and 5).
These results are in accordance with those of Taskinen et al (14),
who reported an inverse relation between postprandial plasma tri-
acylglycerols and phLPL activity. Interestingly, in the present
study, changes in phLPL were not correlated with changes in
FATOX (r = 0.08; results not shown). At least 3 reasons may
explain this absence of a relation: First, factors other than LPL
activity (eg, plasma fatty acids, type of diet, etc) may also modu-
late FATOX. Second, it cannot be excluded that phLPL has a
greater effect on fat storage than on FATOX. Finally, phLPL was
measured in the fasting state (ie, 8 h after the meal) and is there-
fore an imperfect index of postprandial LPL activity.

Individuals with insulin resistance (ie, with hyperinsulinaemia)
may present a disturbed skeletal muscle fat metabolism with an
increased intramuscular fat depot (for a review, see 46) and there-
fore should probably not be included in studies in which FATOX
rate or storage are considered. Interestingly, when individuals with
an evident hyperinsulinaemia (fasting insulin > 100 pmol/L) were
removed from our analyses, changes in FATOX were significantly
included into the model to predict changes in plasma triacylglyc-
erols. These findings suggest that individuals who do not increase
their FATOX will exhibit the greater increase in postprandial tri-
acylglycerols. Interestingly, when similar multiple regressions
were performed for each diet separately, the change in FATOX
also tended to predict plasma triacylglycerols (P = 0.11; results
not shown). Furthermore, in this case, the change in respiratory
quotient, which is an index of the relative contribution of FATOX
to energy metabolism, still significantly predicted postprandial
plasma triacylglycerols. These results are in accordance with
those of Parks et al (47), who concluded that a reduced clear-
ance of triacylglycerols from the plasma, rather than an increase
in triacylglycerol secretion by the liver, was the primary mecha-
nism responsible for the increase in triacylglycerols induced by a
high-carbohydrate diet.

Interestingly, Schrauwen et al (48) reported that in lean sub-
jects, a diet high in monounsaturated fatty acids induces an increase
in triacylglycerol-derived oxidation (VLDL or intramuscular
triacylglycerols). In accordance with these results, we observed
that a low-carbohydrate diet (which was also high in fat and
monounsaturated fatty acids) induced a decrease in fasting and
postprandial plasma triacylglycerols. These results are compat-
ible with the concept that changes in FATOX, induced by
dietary interventions, may have an effect on plasma TRL clear-
ance and concentration.

It can be argued that the FATOX rate is not accurately meas-
ured when de novo lipogenesis occurs (49, 50). Yet Hellerstein (5)
showed that the importance of de novo lipogenesis to triacylglyc-
erol synthesis is small when humans eat a mixed diet but increases
during consumption of a high-carbohydrate diet. In the present
study, > 40% of the energy in the test meal consumed during the

postprandial studies was supplied by fat. It can therefore be rea-
sonably concluded that our test meal probably induced only min-
imal de novo lipogenesis, so that this variable probably did not
influence our indirect calorimetry results. Moreover, the mean
respiratory quotient throughout the postprandial period did not
exceed 0.83, which is clearly below 1.0. This indicates that net
lipogenesis (which occurs when the respiratory quotient exceeds
the unity) was not present under our feeding conditions.

In summary, we found that the plasma triacylglycerol response
to dietary intervention depended on changes in body weight,
changes in phLPL activity, and, in the postprandial state, changes
in the FATOX rate. Our results also suggest that individuals who
lose weight while consuming an ad libitum high-carbohydrate diet
and who do not decrease their FATOX rate (ie, do not increase
their respiratory quotient) will have a larger, body weight–related
decrease in postprandial triacylglycerols than will be experienced
by those who decrease their FATOX rate. These results do not
show a cause-effect relation but suggest that body weight, phLPL
activity, and the FATOX rate are important to consider in the reg-
ulation of triacylglycerol concentrations in normoinsulinemic,
normoglycemic, and normolipidemic men.
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Science and Nutrition and the technicians of the Lipid Research Center for their
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