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Energy expenditure and oxidation of carbohydrate
and fat in humans during day and night
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Abstract

Energy expenditure (EE) and substrate oxidation were measured in six male and four female adult humans during day
(10.00–23.00) and night (23.00–07.00). All subjects received diets of the same composition, but four subjects (Group I) had
a higher intake of metabolizable energy (ME) than EE, while ME was near EE in three subjects (Group II) and below EE
in three subjects (Group III). The EE varied from 388 kJ/h in Group I to 540 kJ/h in Group III during day and from 248 to
351 kJ/h during night. However, the reduction from day to night was identical for all subjects with a night value of 64% of the
day value. Oxidation of carbohydrate (OXCHO) was fairly constant with 223 kJ/h during day and being reduced to 100 kJ/h
during night in all subjects. Oxidation of fat (OXF) varied from 121 kJ/h in Group I to 223 kJ/h in Group III during day and
from 98 to 190 kJ/h by night. The decreased EE from day to night was of the same magnitude independent of the ME intake,
while the contribution from OXCHO and OXF to EE depended of ME intake. When ME intake was above EE (Group I),
relatively more carbohydrate (56%) than fat (31%) was oxidized during day, leaving a surplus of dietary fat for fat retention.
Nevertheless, during night the contributions from OXCHO and OXF were similar (40%). When energy supply was below
EE (Group III), the contributions from OXCHO and OXF to EE were similar (45%) during day. However, during night the
contribution from OXCHO was reduced (29%) while OXF increased (54%). This investigation indicates that during day the
major oxidative fuel is carbohydrate, while fat oxidation reflects the difference between OXCHO and EE; however, during
night changes in the energy status are accommodated by increasing OXF.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Measurements by means of indirect calorimetry
have provided important insights regarding the ex-
tent to which the whole body energy metabolism
in humans and animals responds to nutrient sup-
ply, environment, exercise and disease. In humans,
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emphasis has been given to establish standards for
basal energy expenditure (EE) and energy costs of
physical activity and diet-induced thermogenesis. In
recent years also increasing attention has been given
to evaluate partition of nutrient metabolism between
oxidation and retention in the body under different
nutritional conditions (for details, see[1–6]). The
results are mostly based on 24 h measurements and
demonstrate average daily values. However, to our
knowledge, there are no quantitative results concern-
ing potential differences in substrate oxidation and
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their contribution to total EE during daytime and
nighttime.

Data from a previous experiment with humans in
which energy metabolism and lipogenesis were stud-
ied [7] have been used in the present investigation to
quantify carbohydrate and fat oxidation during day
and night and to evaluate whether the fall in EE during
night is consistent with diurnal changes in contribu-
tion from carbohydrate and fat oxidation to total EE.

2. Experimental

2.1. Subjects and diets

The experiment included six male and four female
non-obese, healthy volunteers 22–47 years of age and
with a body weight ranging from 53 to 90 kg. The
experiment had been carried out at the Research De-
partment of Human Nutrition, the Royal Veterinary
and Agricultural University, and approved by the
Municipal Ethical Committee of Frederiksberg and
Copenhagen[8].

All subjects consumed an identical basal diet of
7.40 MJ, individually supplied with extra sandwiches
and rolls according to the subjects’ normal degree
of satiation. The diet was supposed to cover 24 h
energy requirement with an energy balance around
zero. However, the individual 24 h measurements of
metabolizable energy (ME) in relation to EE showed
that only few subjects were able to consume in accor-
dance with their requirement. The ME intake (Fig. 1)

Fig. 1. Intake of ME and EE during 24 h measurements. Group I: ME> EE, Group II: ME= EE, Group III: ME< EE.

in subject 3–4–6–10 (Group I) was above EE, in sub-
ject 7–9–2 (Group II) near EE and in subject 11–5–1
below EE (Group III).

The mean intake of digested protein, carbohydrate
and fat for the three groups and ME intake, EE and
retained fat are shown inTable 1. The energetic com-
position of the diets was fairly constant for all subjects
with 18% of energy contributed from protein, 50%
from carbohydrate and 32% from fat.

2.2. Experimental

The subjects consumed a fixed dinner the evening
before the experiment started. The respiration cham-
ber was entered at 08.25 after voiding, breakfast was
served at 08.30, lunch at 12.30, dinner at 18.00 and
breakfast next morning at 08.30. Physical activity
was performed for 15 min at 10.30 and at 15.00 on
a stationary bicycle with a work corresponding to
66.2 kJ/15 min[9]. The subjects were in bed from
23.00 to 08.00 and left the chamber at 10.15 after
voiding. The 24 h measurements of oxygen consump-
tion and carbon dioxide production were carried out
from 10.00 to 10.00 by means of an open-air-circuit
respiration unit (indirect calorimetry)[8], but for this
investigation 24 h measurements were separated into
two periods 10.00–23.00 (daytime) and 23.00–07.00
(nighttime). The experiment was repeated after 4
weeks, and with no significant differences(P > 0.05)

between the data, the results presented are mean
values from the two experiments.
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Table 1
Body weight (BW), digested protein (DP), carbohydrate (DCHO), and fat (DF) intake of ME, EE and retained fat (RF) during 24 h
measurements

Group No. Subject No. BW (kg) DP (g/day) DCHO (g/day) DF (g/day) ME (kJ/day) EE (kJ/day) RF

(kJ/day) (g/day)

I 3–4–6–10 61 73.7 281 78.0 9385 8071 1047 26
II 7–9–2 74 86.1 302 91.1 10423 10103 301 7
III 11–5–1 80 79.8 307 84.0 10132 11322 −1232 −31

2.3. Calculations

EE was calculated from O2 consumption, CO2 pro-
duction and nitrogen excretion in urine (UN) in accor-
dance with[10] as

EE(kJ) = 16.18× O2 (l) + 5.02× CO2(l)

−5.99× UN (g)

Oxidation of carbohydrate (OXCHO) and fat (OXF)
was calculated in accordance with[11] as

OXCHO(kJ) = ((−2.968× O2 (l) + 4.147× CO2(l)

−2.446× UN (g))× 17.58

OXF (kJ) = ((1.719× O2 (l) − 1.719× CO2(l)

−1.963× UN (g))× 39.76

As there was no separate collection of urine during
day and night, it was assumed that urinary nitrogen
excretion was similar during day and night. The results
were evaluated by Student’st-test[12].

Fig. 2. OXCHO during day (10.00–23.00) and night (23.00–7.00).

Table 2
EE (kJ/h) during day (10.00–23.00) and night (23.00–07.00)

Group No. Day Night Night/day (%)

Mean S.E.M.a Mean S.E.M. Mean S.E.M.

I 388 9.7 248 6.2 64.0 0.94
II 486 6.1 310 6.7 64.0 1.97
III 540 20.2 351 20.3 65.0 1.35

a Standard error of mean.

3. Results

3.1. Energy expenditure

The EE (Table 2) depended on body weight and food
consumption, and varied between the groups from 388
to 540 kJ/h during day and from 248 to 351 kJ/h dur-
ing night, with all differences being significant(P <

0.05). However, in spite of the variation, the reduction
in EE from day to night was identical for all groups,
the mean night value being 64.3%(S.E.M. = 0.72)
of the day value.
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Fig. 3. OXF during day (10.00–23.00) and night (23.00–7.00).

Table 3
OXCHO and OXF during day (10.00–23.00) and night (23.00–07.00)

Group No. OXCHO (kJ/h) OXF (kJ/h)

Day Night Day Night

Mean S.E.M.a Mean S.E.M. Mean S.E.M. Mean S.E.M.

I 218 10.2 100 3.4 121 7.0 98 0.9
II 206 6.1 99 11.1 213 4.7 146 7.8
III 248 33.2 102 3.8 223 20.2 190 15.7

a Standard error of mean.

3.2. Oxidation of carbohydrate and fat

The individual values of OXCHO and OXF during
day and night are demonstrated inFigs. 2 and 3, while
the mean values of the groups are shown inTable 3.

The OXCHO was fairly constant for all subjects
with a variation between groups from 206 to 248 kJ/h
by day and from 99 to 102 kJ/h by night, corresponding

Table 4
Contribution of OXCHO and OXF to total EE during day (10.00–23.00) and night (23.00–07.00)

Group No. Day Night

OXCHO/EE (%) OXF/EE (%) OXCHO/EE (%) OXF/EE (%)

Mean S.E.M.a Mean S.E.M. Mean S.E.M. Mean S.E.M.

I 56.2 1.84 31.2 2.09 40.4 0.43 39.7 0.91
II 42.5 1.23 43.9 0.41 31.7 1.41 47.2 3.31
III 45.7 4.83 43.3 4.88 29.0 0.62 54.0 1.23

a Standard error of mean.

to an oxidation of 12–14 and 5.7 g carbohydrate/h by
day and night, respectively. Thereby the mean night
value was reduced to 45% of the day value.

The OXF varied between 121–223 kJ/h by day
and 98–190 kJ/h by night, corresponding to an oxi-
dation of 3.0–5.7 and 2.5–4.8 g fat/h. The reduction
between day and night values was not significant
(P > 0.05).
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3.3. Contribution of oxidized carbohydrate and fat
to total EE

In Group I, in which the ME intake was above EE,
OXCHO contributed with 56% and OXF with 31% to
EE during daytime, while both nutrients contributed
with 40% during nighttime (Table 4). In Group III,
in which the ME intake was below EE, the contribu-
tion from OXCHO and OXF was similar, about 44%
during daytime, while during nighttime the contri-
bution from OXCHO was reduced to 29% and OXF
increased to 54%.

4. Discussion

The present results are based on measurements
of O2 consumption and CO2 production by indirect
calorimetry and on analysis of urinary nitrogen ex-
cretion. Calculations of EE and substrate oxidation
are sensitive to errors in the measurements of gas
exchange within the calorimeter[4] and can be bi-
ased by the potential pitfalls in the interpretation of
data from gas exchange measurements[5,13–16].
However, the overall error of gas exchange measure-
ments in our experiment was less than±1% [8], and
furthermore, there were no differences between the
measurements which were performed twice with 4
weeks intervals. This provides a good evidence of a
high accuracy of the experiment. The calculations of
EE, OXCHO and OXF include values of UN from
24 h collection of urine which were equally divided
between daytime and nighttime. This may cause an
error in estimation of OXCHO and OXF, but has a
negligible effect on EE values[5]. Although the av-
erage daily protein oxidation (OXP) calculated from
UN was relatively small, 14.2% (S.E.M. = 0.51) of
EE, with a coefficient of variation of 11%, any poten-
tial changes in OXP between day and night[17] could
affect absolute values of OXCHO and OXF, but the
proportions between OXCHO and OXF would not be
changed.

All subjects consumed diets of similar composition
which were supposed to cover their energy require-
ment with an energy balance near zero. However,
the amount of diet consumed and consequently ME
intake was either above (Group I), near (Group II)
or below (Group III) EE and thereby being above,

near or below individual energy requirements. These
differences were mirrored in daily fat retention,
being positive when ME was “overconsumed” or
negative, indicating body fat mobilization, when
ME was “underconsumed”, showing that even small
changes in proportion of ME:EE influence fat
retention.

The EE measured during daytime included EE
from activity and from dietary-induced thermogene-
sis (DIT), consequently being higher than EE during
“asleep”. In this experiment, a separation between
different components of EE was not evaluated and it
can only be speculated that the differences between
day and night were primarily due to activity and DIT
as there is only a small diurnal variation in the basic
metabolic rate[18]. However, it is interesting to note
that the reduction of EE during night was exactly the
same (64% of day value) in all subjects independent
of their sex, body weight and energy intake during
daytime.

The reduction of EE during night was consistent
with carbohydrate oxidation which was reduced from
12 to 14 g carbohydrate/h during day and to 5.7 g
carbohydrate/h during night. This substantial differ-
ence between day and night and the similar amount
of OXCHO during night may be explained by a strict
control of carbohydrate balance[18] in order to main-
tain glucose homeostasis. During daytime when car-
bohydrates are consumed, body glycogen reserves are
saturated and the major part of dietary carbohydrate is
oxidized. During night, the supply of carbohydrate
from the digestive tract is limited to a small amount
of low digestible non-starch polysaccharides due to
a rapid transit time of starch and a high rate of glu-
cose absorption occurring after a meal[19] and in
consequence, the major source of OXCHO is body
glycogen which is used to a strict limit, preventing its
total depletion. Since the same amount of carbohy-
drate was oxidized, the rest of energy was supplied
from OXF, simply reflecting the difference between
OXCHO and EE[1,4].

In conclusion, this investigation indicates that dur-
ing day the major oxidative fuel is carbohydrate,
while fat oxidation reflects the difference between
OXCHO and EE. During night, when the contribu-
tion from glycogen stores becomes limited, changes
in the energy status are accommodated by increasing
OXF.
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