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Chapter 1

Introduction

The energy balance is determined by energy intake and energy expenditure. When
energy intake exceeds energy expenditure, energy balance is positive and excess
energy is stored. Reducing energy intake below energy expenditure results in a
negative energy balance and loss of body weight. For practical purposes adult
subjects are considered to be in energy balance when the average difference
between energy intake and energy expenditure is less than 5 % or 6(X) kJ/d (I),
making allowance for mcasurcment error. However, a positive energy balance of
600 kJ/d for a period of 5 years will lead to an increase of almost 30 kg fat. There
are several factors that influence energy expenditure and hence energy balance.
The nutritional factors include the total level of energy intake, the pattern of energy
intake and the macronutrient composition of the diet

Total level of energy intake

Dauncey (2) studied the short-term effects on energy balance by altering energy
intake in adult subjects over one 24 h interval and measuring simultaneously
energy expenditure. Energy intake was medium (usual energy intake), high (165
% of the usual energy intake) or low (45 % of the usual energy intake) and was
divided in three meals daily of identical macronutrient composition. Mean 24 h
energy expenditure on the high energy intake was significantly greater by 10 %
than that on the medium energy intake, whereas that on the low energy intake was
significantly less by 6 % compared to the medium intake. The effects of over-
eating on energy expenditure were greatest at night, in contrast to the effects of
under-eating on energy expenditure which were more pronounced during daytime.
It is concluded that there are short-term effects on energy expenditure but not on
energy balance.

Long-term effects of over-eating were investigated in the classic studies conducted
by Neumann (3) and Gulick (4). They reported that body weight was sustained,
despite a wide variety in energy intake for periods of several months to more than
a year. In the Vermont Study of experimental obesity in humans, there was a
marked variation in the ability of normal volunteers to gain weight when eating a
large excess of energy (5). In a more recent study on deliberate overfeeding during
3 weeks in adult subjects, Forbes et al. (6) reported that individual variations in the
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rate of weight gain could not be explained on the basis of sex, initial body weight
or fat content, duration of overfeeding, type of food eaten or daily food
consumption. Several studies investigating the effect of over-eating on energy
metabolism, showed that the increase in energy expenditure was modest and less
than 15 % of the original energy expenditure of the subjects (7-8) and could not
compensate the increase in energy intake.

Long-term restriction of energy intake (half of the usual energy intake) in normal
weight subjects results in a similar decrease of total energy expenditure, consisting
of a decrease of each of the components of energy metabolism: basal metabolic rate
(35 %), diet induced thermogenesis, representing the energy costs of processing
food (11%) and energy expended for physical activity (54 %) (9). Studies on the
effect of energy restriction on energy expenditure in obese subjects are not
consistent. After a period of 11-16 weeks on a hypocaloric diet, 24 h energy
expenditure (24 h EE) was found to be decreased by 16 % (10) or 22 % (11).
When 24 h EE was expressed per kg fat-free mass, 24 h EE decreased by 12 %
(10) or 20 % (11). The resting metabolic rate (RMR) was significantly decreased
when expressed in absolute values, but there was no change in RMR when
expressed per kg fat-free mass (10). However, Van Dale et al. reported a
significant decrease in the sleeping metabolic rate (SMR) both expressed in
absolute values (11) and expressed per kg fat-free mass (12).

Pattern of energy intake

Animals including man arc discontinuous eaters and continuous metabolizers. Le
Magnen and co-workers conducted numerous studies on the regulation of energy
balance in rats (13-17). They reported that in the dark period, rats have a 50 %
higher energy intake than expenditure, while intake was 40 % less than
expenditure in the light period. During daytime energy intake is used almost
immediately to cover actual energy requirements. During the night, however, part
of the energy intake is oxidized and part of it is stored. Throughout the subsequent
day, these stores are oxidized again, especially during the preprandial hours.
Concerning the diurnal variation in the respiratory quotient (RQ), reflecting the
nature of substrate being oxidized, a high RQ was observed during the night,
indicative of fat synthesis (lipogenesis), and a drop in RQ during daytime,
suggesting mobilization of body fat stores (lipolysis).

Cohn et al. (18) conducted experiments on tube-fed rats. Rats in one group were
allowed to eat ad libitum and rats in a second group were fed an identical quantity
of the same food by stomach tube twice a day. At the end of the experiment the
animals which received their food by stomach tube had nearly twice as much body
fat as did the rats allowed to eat ad libitum. Other studies investigated the influence
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of the pattern of food intake on body fat content and iipogenesis by training rats,
which are typically 'nibbling' animals, to consume their food in a short period
daily {'meal-eating' or 'gorging' pattern) (19-20). It was observed that during the
absorptive period in meal-fed rats part of the ingested energy is utilized (30 %) and
the remaining energy is stored as glycogen (22 * of ingested energy) and fat (47
% of ingested energy). The lipogenic activity of the adipose tissue of meal-fed rats
was greater than observed for nibbling rats, but this effect was most pronounced
in rats on a low-fat diet. On a high-fat (low-carbohydrate) diet the need for fat
synthesis is obviated and Iipogenesis is inhibited. Reverting meal-fed rats to ad
libitum feeding resulted in a slow decrease of the lipogenic activity, whereas it
increased rapidly when ad libitum fed rats were switched to meal-feeding.

In human subjects, studies on the influence of the pattern of energy intake can be
divided into epidemiological studies investigating the relation in normal living
conditions of the subjects over a longer period of time, and experimental studies
with a shorter observation interval and controlled food intake. FfShry and co-
workers studied the effect of the pattern of energy intake in a large group of
subjects (>2(X)0) including schoolchildren (21-22), healthy men aged 30-50 years
(23) and elderly men aged 60-64 years (24). It was revealed that a pattern of
energy intake containing 2-3 meals daily was associated with a tendency towards
overweight, compared with a pattern of 5 or more meals daily. Metzner et al. (25)
reported that subjects who consumed their daily intake in more frequent meals
were less adipose than those who ate less frequently. Other metabolic effects of a
gorging pattern of energy intake include enhanced Iipogenesis (24,26-27),
increased level of blood serum cholesterol (28-35) and impaired glucose tolerance
(24,28-29,33). Because overweight, hypercholestcrolaemia and impaired glucose
tolerance are regarded as risk factors for coronary heart disease, it is suggested that
an infrequent pattern of energy intake can be considered as a possible factor in
human pathology (36-37). Fdbry et al. (38) studying the spontaneous pattern of
energy intake in elderly men aged 60-64 years, observed a higher occurrence of
ischaemic heart disease in the subgroup with an infrequent meal pattern (30.4 % of
the subjects) compared to the subgroup taking 5 or more meals per day (19.9 % of
the subjects).

Considering the effect of the pattern of energy intake in hypocaloric conditions,
loss of body weight was greater when a slimming diet was taken in more meals
daily (31,39), or was not affected by meal frequency (40-42). On the other hand,
in hypercaloric conditions when subjects were overfed for some time, weight gain
was greater with a gorging pattern of energy intake (43-44), or was not different
from that on a nibbling pattern of energy intake (45).
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Studies on the influence of the pattern of energy intake on energy metabolism and
its components are scarce. There was no significant effect of meal frequency on 24
h EE in adult male subjects studied for two weeks on each dietary regimen (46), or
female subjects who consumed their daily energy intake in 2, 3 or 9 meals for six
days each (47). Wolfram et al. (48) studying the effect of a slightly hypocaloric
diet consumed as 1 or 5 meal(s) daily for two weeks, reported no influence of
meal frequency on energy balance cither. On a gorging pattern of energy intake
overnight energy expenditure (23.(X)h-8.O()h) was found to be higher, whereas
energy expenditure during the waking hours (9.OOh-23.OOh) was decreased
compared to a nibbling pattern (46). The basal metabolic rate (BMR) was not
influenced by meal frequency (46). Garrow et al. (49) studying the effect of meal
frequency in obese subjects on a reducing diet for 3 weeks, observed a decrease in
BMR over time but this was unrelated to the pattern of energy intake. Some
studies reported an increased diet induced thcrmogenesis (DIT) with a gorging
pattern of energy intake (50-51), while others found no relationship between meal
frequency and DIT (52-53).

Jenkins el al. (54) recently studied the effect of increasing meal frequency in
patients with non-insulin-dependcnt diabetes. They concluded that spreading the
nutrient load over a longer period of time may play an important role in the
management of diabetes, by allowing adequate insulini/ation of tissues at relatively
low insulin concentrations. In patients with cirrhosis of the liver, glycogen stores
in the liver arc small and inadequate. Therefore, already during short-term food
deprivation like an overnight fast, gluconeogenesis from amino acids will take
place, resulting in extra amino acid loss (55). A nibbling pattern of energy intake,
including a late evening meal, seemed to improve the efficiency of nitrogen
metabolism in patients with liver cirrhosis, probably by reducing the nocturnal
amino acid breakdown (56).

Macronutrient composition of the diet

Weight maintenance requires not only energy balance but also balance between
intake and oxidation of the three energy substrates: protein, fat and carbohydrate
(57-58). In situations of energy or substrate imbalances, changes occur in the
body stores and hence body weight or body composition. A high dietary fat intake
is often associated with an increasing prevalence of obesity (59-61). Possible
mechanisms for this association are based on a positive energy balance or the
failure to adjust substrate oxidation to substrate intake.

Several studies reported an increased energy intake with a high-fat diet and a
decreased energy intake with a low-fat diet, resulting in body weight gain on a
high-fat diet and loss of body weight on a low-fat diet (61-63). On the other hand,
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Leibcl et al. (64) recently showed that even with extreme changes in the fat and
carbohydrate content of the food, there was no significant variation in the energy
need to maintain body weight

Considering the influence of diet composition on energy metabolism and its
components, results are not consistent. Studies on the effect of isoenergetic
exchange of fat and carbohydrate reported no change in 24 h EE due to the
composition of the diet (6S-66), or a decreased 24 h EE on a high-fat diet in post-
obese subjects (67). The sleeping metabolic rate (SMR) was found to be lower on
a high-fat diet compared with a mixed diet (65), or was not affected by diet
composition (66-67). There was no effect of diet composition on the basal
metabolic rate (65-68) or energy expenditure for physical activity (66). The
contribution of the diet induced thermogenesis to energy metabolism was reported
to be lower on a high-fat diet compared with a low-fat diet (67,69) or not affected
(66).

Flatt ct al. (70) reported that the presence or absence of fat in a breakfast providing
fixed amounts of carbohydrate and protein had no effect on the nature of substrates
oxidized during the postprandial hours. It was concluded that the body fails to
adjust fat oxidation in response to excess fat intake (56-57). Others demonstrated
that carbohydrate and protein stores are closely regulated by adjusting oxidation to
intake, and that fat is exclusively used or stored in response to day-to-day
fluctuations in energy balance (71).

Finally, the between-subject variation in response to dietary fat has to be
considered. Recently, Thomas et al. (72) reported that lean subjects have a greater
ability to increase fat oxidation in response to a high-fat diet than obese subjects.

Outline of the thesis

While reviewing the literature it appears that energy balance and hence body
weight can be influenced by a number of nutritional factors. However, more
experimentally controlled studies are needed to elucidate the following issues.

In man, energy intake is usually restricted to the waking hours. Since only a part
of the ingested energy is utilized immediately, excess energy has to he stored
during daytime to meet energy requirements during the night. The pattern of
energy intake probably affects the level of energy storage, which could have
implications for regulation of the body weight. Chapter 2 describes whether there
is a diurnal rhythm of lipogenesis and lipolysis in man, as was found in experi-
mental animals, and if so, how this is affected by the pattern of energy intake to
explain possible consequences of meal frequency for body weight regulation.

11
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Studies on the effect of the pattern of energy intake on human energy metabolism
are usually conducted in a laboratory setting. To further elucidate the findings of
epidemiological surveys, including an enhanced lipogenesis and a higher
occurrence of overweight with a gorging pattern of energy intake, experiments in
free living conditions may give additional information. Chapter 3 reports on the
influence of the pattern of energy intake on 24 h energy metabolism (in both free
living and experimentally controlled conditions) and on its components basal
metabolic rate, diet induced thermogenesis and energy expenditure due to physical
activity.

The effects of the pattern of food intake in hypocaloric conditions are described in
Chapter 4. Measured parameters included rate and composition of weight loss, 24
h energy expenditure, sleeping metabolic rate and diet induced thermogenesis.

Chapter 5 describes the results of a study on the habitual pattern of energy intake
in subjects with a reduced capacity to store a short-term energy excess, i.e.
patients with liver disease. Chapter 6 reports on the effect of the pattern of energy
intake on energy metabolism and substrate oxidation in patients with cirrhosis of
the liver. Because of their limited ability to store glycogen in the liver, an
infrequent pattern of energy intake could evoke an earlier catabolic response than
in healthy control subjects.

Chapters 7 and 8 describe the results of a study on the short term (3 day) effects of
dietary fat and carbohydrate exchange on substrate oxidation and energy
metabolism. A primary purpose was to investigate whether subjects adjust their
substrate oxidation in response to a low-fat (high-carbohydrate) and high-fat (low-
carbohydrate) diet. Furthermore, we investigated whether the association between
a high-fat diet and obesity could be explained on basis of a change in 24 h energy
expenditure. To elucidate the metabolic responses to dietary fat and carbohydrate
of subjects being more or less susceptible to become obese, the subject
characteristics of a restrained or unrestrained attitude towards eating (73) were
taken into account
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Chapter 2

Influence of the feeding frequency on nutrient
utilization in man: Consequences for energy
metabolism
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Abstract

A study was conducted to investigate whether there is a diurnal pattern of nutrient
utilization in man and how this is affected by meal frequency to explain possible
consequences of meal frequency for body weight regulation. When the daily
energy intake is consumed in a small number of large meals, there is an increased
chance to develop overweight, possibly by an elevated lipogenesis (fat synthesis
and accumulation) or storage of energy after the meal. Thirteen subjects, two
males and eleven females, were fed to energy balance in two meals per day
(gorging pattern) and seven meals per day (nibbling pattern) over 2-day intervals.
On the second day on each feeding regimen, the diurnal pattern of nutrient
utilization was calculated from simultaneous measurements of oxygen
consumption, carbon dioxide production and urinary nitrogen excretion over 3 h
intervals in a respiration chamber.

A gorging pattern of energy intake resulted in a stronger diurnal periodicity
of nutrient utilization, compared to a nibbling pattern. However, there were no
consequences for the total 24 h energy expenditure (24 h EE) of the two feeding
patterns (5.57 ±0.16 kJ/min for the gorging pattern; 5.44 ±0.18 kJ/min for the
nibbling pattern).

Concerning the periodicity of nutrient utilization, protein oxidation during the
day did not change between the two feeding patterns. In the gorging pattern,
carbohydrate oxidation was significantly elevated during the interval following the
first meal (i.e. from 12.00h to 15.00h , p<0.01) and the second meal (i.e. from
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18.(M)h to 21.(K)h, p<0.()5). The decreased rate of carbohydrate oxidation
observed during the fasting period (from rising in the morning until the first meal
at 12.(XJh), was compensated by an increased fat oxidation from 9.00h to 12.00h
to cover energy needs. In the nibbling pattern carbohydrate and fat oxidation
remained relatively constant during the active hours of the day.

The increased lipogenic activity on a gorging pattern resulting in an elevated
energy expenditure during the postprandial hours, indicated a greater contribution
of the diet induced thermogenesis (DIT) to 24 h EE. Because 24 h EE was not
affected by the feeding frequency this might mean that the energy expenditure
during the rest of the day was decreased, possibly by a decrease of the physical
activity on the gorging pattern. There were no significant effects of meal frequency
on either 24 h nutrient utilization or 24 h EE. A gorging pattern of energy intake
resulted in a stronger diurnal periodicity of lipogenesis and lipolysis, compared to
a nibbling pattern.

Introduction

The control of energy balance through energy intake is not only a function of the
level of energy intake but also of the time pattern of energy intake, i.e. the feeding
frequency. In man, energy intake is usually restricted to the period between getting
up in the morning and going to bed at night while energy expenditure continues
during the sleeping period. During the active part of the day there is a positive
energy balance to anticipate for the overnight deficit. The excess of daily energy
intake has to be temporarily stored. This has possibly consequences for the
regulation of the body weight.

When the daily energy intake is consumed in a small number of large meals
relatively more energy has to be stored compared to a feeding pattern with a large
number of small meals. Hejda and Fdbry (1) reported a higher energy intake in
subjects consuming their food in a greater number of meals. However, the body
weight was highest in the group with the smallest number of meals and the lowest
energy intake. In a study in elderly men, Fdbry et al. (2) also found that the
proportion of overweight subjects was markedly higher with a declining meal
frequency. Metzneret al. (3) studying the relationship between frequency of eating
and adiposity in subjects with the same food intake, showed that those who ate
more frequently during a 24 hour period were less adipose than those who ate less
frequently.

Besides the effects of meal frequency under isocaloric conditions, it is
interesting to examine if similar effects occur in hypo- or hypercaloric feeding
patterns. Debry et al. (4) observed that for the same subjects receiving the same
hypocaloric diet, weight reduction was greater when the diet was taken in more
meals per day. Others did not report such an effect of meal frequency (5-7) Miller
and Mumford (8) reported an increased rate of weight gain in overfeeding when
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the food intake was in two meals per day, compared with 14 small meals per day.
A similar effect was described by Mahler (9) who overfed young men with a liquid
supplement for S weeks: weight gain was significantly greater when the
supplement was taken as one large meal in the evening. Nuncs and Canham (10)
failed to find such an effect

Two studies investigated the effect of meal frequency on energy expenditure.
Swindells et al. (11) reported no differences in resting oxygen consumption
between women given a fixed amount of food in nine meals per day and two meals
per day. Dallosso et al. (12), studying the effect of feeding frequency in adult
males, also did not observe an effect on 24 h energy expenditure.

The effect of feeding frequency on body weight regulation is probably a
function of the proportion of intake which has to be stored before use. In man, it is
not yet known which part of the energy intake is stored as glycogen or fal and how
this changes with the pattern of intake. Le Magncn (13-14) studied the diurnal
pattern of energy intake and energy expenditure in rats. During the active phase of
a 24 hours' period the energy balance defined by energy intake minus energy
expenditure is positive and lipogenesis (fat synthesis and accumulation) takes
place. During the inactive phase there is a negative energy balance and lipolysis
(fat oxidation) occurs to maintain the basal body functions. The relative
hyperphagia observed in the active phase has to be compensated by relative
hypophagia, if body weight regulation is to be achieved. Thus, in rats there is a
diurnal rhythm of lipogenesis and lipolysis.

The present study was conducted to investigate whether there is a diurnal
rhythm of lipogenesis and lipolysis in man and if so, how this is affected by meal
frequency to explain possible consequences of meal frequency for body weight
regulation. The diurnal pattern of nutrient utilization was calculated from
simultaneous measurements of oxygen consumption, carbon dioxide production
and urinary nitrogen excretion.

Subjects and methods

Subjects were thirteen student volunteers whose age, height, weight and body
mass index (BMI) are presented in Table 2.1. They were all non-smokers.

19



7iaWe 2. / Physical characteristics of the subjects.

Subject

1

2
3
4
5
6
7
8
9
10
11
12
13

Sex

M
M
F' "'
F •
F
F '"
F
F
F
F
F '
F
F

Age Height

(yeare)

23 1

22 1

' ' 18 ' 1

19
19
20
19
20

' 19

22
20
18
23

(m)

.84

.81

.77

.60

.71

.78

.70

.75

.65

.59

.70

.68

.65

Weight

(kg)

66.3
72.5

61.0
59.0
62.2
65.3
64.8
59.6
50.0
66.0

67.0
57.4

50.2

BMI

(kg/m*)

19.6
22.1
19.5
23.0
21.3
20.6
22.4
19.5
18.4

26.1
23.2

20.3

18.4

The experiment consisted of two periods of two consecutive days during one of
which total daily intake was consumed in two meals (gorging pattern) and during
the other in seven meals (nibbling pattern). Seven subjects started with the gorging
pattern followed by the nibbling pattern, the other six subjects did the experiment
in the alternate order. The interval between the two experimental periods was at
least 7 days. The first day of each period consisted of a day of adaptation, during
which the provided food was consumed at home according to the prescribed eating
pattern (gorging or nibbling), followed by the second day in a respiration
chamber. The main measurements made in this chamber were oxygen
consumption, carbon dioxide production and urinary nitrogen excretion (see
below).

Before the subjects participated in the study, the sleeping metabolic rate
(SMR) was measured during an overnight stay in the respiration chamber. This
SMR was used to estimate the total energy need of a subject over 24 hours
assuming 24 h energy expenditure (24 h EE) to be 1.4 x SMR. Subjects were fed
to energy balance over the two periods of two days using this value. Fig. 2.1 is a
schematic representation of the experimental design.
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Fig. 2.7 Experimental design of the stay in the respiration chamber.

The two eating patterns were characterized by a minimal or maximal spreading of
the energy intake throughout the day. The gorging pattern consisted of two large
meals: at 12.00h a lunch containing 60 per cent of the total energy intake and at
18.00h a meal with bread, fruit and orange juice containing the remaining 40 per
cent. The nibbling pattern consisted of seven small meals: at 7.3Oh, l().(K)h and
20.30h a meal with bread (15, 10 and 10 percent of the energy intake), at !2.00h
and 18.00h a meal (25 per cent each), at 14.00h a dessert (10 per cent) and at
16.00h a piece of fruit (5 per cent) was served.

The total energy intake was the same for the two feeding patterns with the
same menu and macro-nutrient composition. The food provided 16 per cent of the
total energy content from protein, 38 per cent from fat and 46 per cent from
carbohydrate. The value of the food quotient (FQ) as defined by Flatt (15) was
0.84.

Oxygen consumption and carbon dioxide production were measured in a
respiration chamber (16). This chamber measures 14 m^ and is furnished with a
bed, chair, table, TV, radio, telephone, wash-bowl and toilet facilities. The
chamber is ventilated with fresh air at 501/min. The ventilation rate was measured
with a dry gasmeter (Schlumberger, type G6). The concentration of oxygen and
carbon dioxide was measured using a paramagnetic O2 analyser (Servomex, type
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OA 184) and an infrared CO2 analyser (Hartman & Braun, type URAS 3G).
Ingoing air was analysed once every IS min and outgoing air once every 5 min.
The gas sample to be measured was selected by a computer which also stored and
processed the data. The respiratory quotient (RQ) and energy expenditure (EE)
(17) were calculated from O2 consumption and CO2 production. In daytime
subjects were allowed to move freely, to sit, lie down, study, telephone, listen to
the radio and watch television, only sleeping and strenuous exercise were not
allowed.

Body
The subjects weighed theirselves (without clothing) in the morning upon rising,
after voiding and before any food/drink consumption, on a digital balance (Seca
delta, model 707) accurate to 0.1 kg. Thus we got body mass values at the start
and end of both 24 h observation periods in the respiration chamber.

Urine was collected in 4 portions: from 22.3Oh day 1 to 7.3Oh day 2, from 7.30h
day 2 to 15.(H)h day 2, from 15.()0h day 2 to 22.3Oh day 2 and from 22.3Oh day 2
to 7.3()h day 3. The subjects were instructed to void at the end of these intervals.
Samples were collected in containers with 2 ml H2SO4 to prevent nitrogen loss
through evaporation; volume and nitrogen concentration were measured
subsequently, the latter using a Heraeus analyser.

Oxygen consumption, carbon dioxide production (and hence RQ and EE) were
calculated over 3 h intervals during the observation period. Urinary nitrogen
excretion was determined for the same intervals, taking into account the different
collecting periods. The diurnal pattern of nutrient utilization was studied by
comparing the RQ, which reflected the composition of the fuel mixture oxidized,
with the food quotient (FQ) of the diet. According to Flatt (15) body weight
stability is achieved when the mean 24 h RQ is equal to the FQ of the diet. When
the RQ is above the FQ the energy balance is positive; a RQ below the FQ is
accompanied by a negative energy balance. Le Magnen (13-14) studying the
diurnal pattern of energy balance in rats, reported lipogenic activity with a positive
energy balance and lipolysis when the energy balance is negative. Concerning the
RQ/FQ ratio, we defined periods of lipogenesis (RQ > FQ) and lipolysis (RQ <
FQ). Protein, carbohydrate, and fat oxidation were calculated according to Jéquier
et al. (18). Data were analysed by repeated measures analysis of variance and
Scheffé F-tests. In the text, tables and figures data are presented as the mean ±
standard error of the mean.
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Results

To interpret the effect of a change in meal frequency correctly, it is important that
the subjects are in energy balance during the observation period. Garrow (19)
stated that an adult is in energy balance when the difference between energy intake
(El) and energy expenditure (EE) is less than 600 Id per day. The energy balance
was determined by subtracting EE (measured from 7.(X)h to 7.00h) from El. For
the gorging pattern El - EE was +348 ± 162 kJ/day. for the nibbling pattern +429
±217 kJ/day. At an individual level differences were higher, but this difference
was highly reproducible between the two meal frequency regimens thus allowing
further comparison.

Fig. 2.2 illustrates the EE (in kJ/min) over 3 h intervals from the night preceding
the second experimental day to the early morning of the third day. There was no
statistical difference in 24 h EE between the gorging and nibbling pattern (5.57 ±
0.16 kJ/min for the gorging pattern vs 5.44 ±0 .18 kJ/min for the nibbling
pattern). However, when El was consumed in two meals per day, EE was
significantly elevated during the postprandial interval (EEl2.00h-15.00h > EE<>.(X)h-
12.00h, p<0.001 and EEl8.00h-21.00h > EEl5.0Oh-18.OOh, p<0.()5). From 15.00h to
18.00h EE had decreased significantly, compared to the previous interval
(p<0.01). When El was spread throughout the day, EE did not show significant
changes from 12.00h to 21.00h.

Summarizing the results, no statistically significant difference in 24 h EE
was observed between the gorging and nibbling pattern. Throughout the day, EE
was significantly higher from 12.00h to 15.00h and from 18.(X)h to 21.0()h when
El was consumed in two meals per day (p<0.01 and p<0.05).

Fig. 2.3 illustrates the course of the RQ from the night preceding the second
experimental day to the early morning of the third day for both gorging and
nibbling pattern. There was no statistical difference in the mean 24 h RQ between
the two feeding patterns (0.83 ± 0.01 for the gorging pattern; 0.85 ± 0.01 for the
nibbling pattern). These values for the mean 24 h RQ matched well with the FQ of
the diet (= 0.84).
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15 18 21 24

Time (h)

27 30

Fij}. 2.2 Energy expenditure (EE) over 3 h intervals from 3.00h-6.00h on day 2 (3-6) to

3.OOh-6.OOh on day 3 (27-30), for both gorging (closed circles) and nibbling (open circles)

pattern. 'Che 24 h means for gorging (- - -) and nibbling ( ) pattern are also shown. Statistical

significance: * p<0.05, •* p<0.01.

Although there were no effects of the feeding frequency on the mean 24 h RQ,
significant changes did occur regarding the diurnal pattern of RQ. When the El
was consumed in two large meals per day, a strong diurnal fluctuation in RQ was
observed. From rising in the morning until the first meal at 12.00h, the RQ was
below the FQ indicating lipolysis. Between 12.00h and 24.00h the RQ exceeded
the FQ (lipogenesis) and after 24.(X)h the RQ dropped quickly to a night level of
0.80. When El was spread throughout the day (nibbling pattern) the fluctuation of
RQ was considerably smaller. During the active period of the day the RQ had a
constant level and was indicative of lipogenesis. Comparing the results, the overall
effect was a significantly lower RQ (p<0.001) during the preprandial interval from
9.00h to 12.(K)h when the food was consumed in two meals per day.
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Fïg. 2.5 RQ fluctuation over 3 h intervals from 3.00h-6.00h on day 2 (3-6) to .VOOh-ft.OOh

on day 3 (27-30), for both gorging (closed circles) and nibbling (open circles) pattern. The food
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Fig. 2.4 NPRQ fluctuation over 3 h intervals from 3.00h-6.00h on day 2 (3-6) to 3.00h-

6.00h on day 3 (27-30), for both gorging (closed circles) and nibbling (open circles) pattern.

Statistical significance: • p<0.05, •* p<0.01.
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As mentioned above, by measuring oxygen consumption, carbon dioxide
production and urinary nitrogen excretion, it is possible to calculate overall nutrient
utilization. Analysis of the non-protein RQ (NPRQ = RQ corrected for protein
oxidation) was used to determine the proportion of oxygen consumption used for
fat and carbohydrate oxidation. A NPRQ of 0.7 is indicative of pure fat oxidation,
a NPRQ of 1.0 represents pure carbohydrate oxidation. The effect of meal
frequency now became even more clear: from 9.00h to 12.00h the NPRQ was
significantly lower (p<0.01) for the gorging pattern, whereas its value was
significantly higher (p<0.05) from 18.00h to 21.00h (Fig. 2.4). Another striking
result was the quick fall in NPRQ after the second meal of the gorging pattern.
During the night NPRQ was lower in the gorging pattern.

2.2 Nutrient oxidation (in g) over 3 h intervals from 3.00h on day 2 to 6.00h on day 3
fur the gorging and nibbling pattern (mean ± SEM).

Time (h)

3-6

6 4
9-12
12-15

l.S-18

18-21

21-24

24-3

3-6

CiORGING

Protein

9.6 ±
8.7 ±

7.7 ±

7.7 ±

13.3 ±

13.3 ±

11.5 ±

9.8 ±

9.8 ±

1.8
1.1

1.0

1.0

2.3

2.3

1.0

1.8

1.8

I

9.7
11.9

15.9

15.0

9.6

8.0

10.3

9.6

9.3

PATTERN

•at

±
±
±
±
±
±
±
±
±

1.2

1.5
1.0*

2.1
1.1

1.2

1.8

0.9

1.0

Carbohydrate

8.7 ± 1.6
19.7 ± 2.6

17.4 ±2.6***

30.0 ± 4.4

30.0 ± 3.3

38.6 ±2.9**

25.5 ± 3.3
11.7 ±2.0

10.3 ±2.1

NIBBLING PATTERN

Protein

10.2 ± 1.6
9.2 ± 0.6

8.2 ± 0.7

8.2 ± 0.7

10.2 ± 1.1

10.2 ± 1.1

9.4 ± 0.8

8.6 ± 0.8

8.6 ± 0.8

Fat

8.4 ± 0.6

11.0 ± 1.3

10.2 ± 2.2

12.6 ± 1.9

9.8 ± 1.4

10.8 ± 0.9

8.5 ± 1.6

8.6 ± 0.6

9.5 ± 0.5

Carbohydrate

10.9 ± 1.6

22.8 ± 2.2

31.0 ±3.0
29.4 ± 1.9

32.0 ± 2.5

32.3 ± 1.8

30.6 ± 3.4

13.6 ± 0.9

11.1 ±0.7

Statistical significance gorging vs. nibbling pattern: * p<0.05, ** p<0.01. *** p<0.001.

To express numerically the effects of feeding frequency on nutrient utilization, we
calculated the oxidation of protein, carbohydrate and fat over 3 h intervals from
3.(M)h on day 2 to 6.00h on day 3 (Table 2.2). There were no statistically
significant changes in protein oxidation during the day between the two feeding
patterns. In the gorging pattern an elevated protein oxidation was observed,
especially from 15.00h to 21.00h. but this effect was not significant. Concerning
carbohydrate and fat oxidation, statistically significant changes between the two
feeding patterns were observed. In the nibbling pattern carbohydrate and fat
oxidation remained relatively constant during the active hours of the day. A
feeding pattern of two meals per day resulted in a significant lower rate of
carbohydrate oxidation during the time interval from 9.00h to 12.00h. compared to
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the nibbling pattern (p<0.001). Subsequently, carbohydrate oxidation increased
significantly from 12.00h to 15.00h and from lS.OOh to 21.00h, compared to the
preceding hours (p<0.01 and p<0.05). In agreement with these results, fat
oxidation was significantly elevated from 9.00h to 12.(X)h (15.9 ± 1.0 g for the
gorging pattern vs 10.2 ± 2.2 g for the nibbling pattern; p<0.05). The fasting
period of the gorging pattern (from rising in the morning until the first meal at
12.00h) resulting in a diminished rate of carbohydrate oxidation, thus seemed to
be compensated by an increased fat oxidation.

Discussion

The results of the present study showed no significant effect of a changing feeding
frequency on the mean 24 h RQ, although the diurnal pattern of RQ was markedly
different between the two feeding regimens. With an El of two meals per day the
RQ/FQ ratio indicated lipogenesis over 4 intervals (i.e. from 12.00h to 24.(K)h)
and lipolysis from 24.00h to 12.00h. In the nibbling pattern lipogenesis lasted
longer (i.e. from 6.00h to 24.00h); lipolysis occurred from 24.(K)h to 6.00h.
Although the duration of lipogenic activity was prolonged in the nibbling pattern,
its intensity was increased in the gorging pattern, reflected in a 20% higher rate of
carbohydrate oxidation between lS.OOh and 21.(K)h (p<0.01).

These results of an increased lipogenic activity with a gorging pattern of food
intake matched well with other studies. When animals were force-fed in one or
two large meal(s), the adipose tissue became more sensitive to the lipogenic effects
of insulin than in animals eating their food continuously through the day (20).
Bray (21) studied the effects of gorging and nibbling on lipogenesis in human
adipose tissue. A pattern of one large meal per day was accompanied by a more
rapid formation of fat, as measured by the carbon incorporation of glucose into
fatty acids in the adipose tissue. If a gorging pattern is accompanied by an
increased chance to develop overweight, as suggested by several authors (1-3),
this might be explained by an increased lipogenic activity during the postprandial
hours, as observed in the present study.

The effect of feeding frequency on the diurnal pattern of nutrient utilization
was more pronounced when the RQ was corrected for protein oxidation. The
relative contributions to the fuel mixture oxidized made by carbohydrate and fat
were assessed by determining the NPRQ. Flatt et al. (22) and Acheson et al. (23)
described an increase of the NPRQ after carbohydrate ingestion, revealing that
carbohydrate intake increased carbohydrate oxidation. The same effect also
occurred when fat was consumed with a carbohydrate meal, showing a 'sparing
effect' of fat from oxidation (22). Schutz et al. (24) studied the effect of a fat
supplement on the substrate oxidation. They reported no changes in the oxidation
of carbohydrate, fat and protein, indicating that dietary fat intake does not promote
fat oxidation during the postprandial hours.
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In our experiment, the initial increase of the NPRQ observed at rising in the
morning is not an uncommon result: a similar phenomenon was reported before by
Lean and James (25). A possible explanation could be increase in carbohydrate
utilization due to muscle glycogen oxidation during the arousal process. The
decreased rate of carbohydrate oxidation afterwards, during the fasting period of
the gorging pattern (i.e. from rising in the morning until the first meal at 12.00h)
was compensated by an increased fat oxidation to cover energy needs, reflected in
a lower NPRQ between 9.00h and 12.00h (p<0.01).

Concerning the effect of feeding frequency on EE, results are contradictory.
Irwin and Feeley (26) reported no changes in EE with an increase of the meal
frequency from three to six meals per day in women on a uniform diet. According
to Swindells et al. (11) there was no difference in oxygen consumption when daily
El was consumed in nine meals rather than two meals per day. However, several
studies showed a higher rate of fattening when daily El was consumed in a small
number of large meals (1-3). Since the storage of fat means that energy
expenditure has been less than energy intake, this might mean that a gorging
pattern of El reduces energy expenditure or alternatively it might increase energy
intake. Our data indicated no significant effects of the feeding frequency on the 24
h EE, possibly due to an inadequate duration of adaptation to the prescribed
feeding pattern. However, meal frequency did influence the diurnal pattern of EE.
In the gorging pattern EE was significantly increased during the time interval
following the first meal (i.e. from 12.(X)h to 15.00h, p<().()l) and the second meal
(i.e. from 18.(X)h to 21.00h, p<0.05), compared to the nibbling pattern. Dallosso
et al. (12) who did a similar experiment found no marked differences in EE with a
changing feeding frequency. Their study showed an alteration of the profile of EE
over the day with a changing frequency of meals, but the differences balanced
themselves out. Zahorska-Markiewicz (27) and Miller and Wise (28) stated that a
possible effect of meal frequency on 24 h EE could be regulated through an
interaction of the physical activity of the subjects and the diet induced
thermogenesis (DIT). Molnar (29) investigated the effect of meal frequency on
D1T in obese children. DFT was significantly higher after the consumption of one
large than after three small meals.

Concerning our data, the increased EE observed during the postprandial
intervals of the gorging pattern (i.e. from 12.00h to 15.00h and from 18.00h to
21 ,(K)h), indicated a greater contribution of DIT to 24 h EE. Because 24 h EE was
not affected by the feeding frequency, this might mean that EE during the rest of
the day was decreased. Possibly, the physical activity of the subject on a gorging
pattern was decreased, resulting in a lower EE. Under the experimental conditions
chosen for this study, physical activity was not measured. Further experimental
work will be necessary to complete the effect of feeding frequency on both total 24
h EE and components of the 24 h EE.
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Summarizing the effects of feeding frequency on nutrient utilization and
consequently EE, there were no significant effects on either 24 h nutrient
utilization or 24 h EE. although diurnal fluctuations were markedly different
between the two feeding patterns. A gorging pattern of El resulted in a stronger
diurnal periodicity of lipogenesis and lipolysis. compared to a nibbling pattern.
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Chapter 3

Effect of the pattern of food intake on human energy
metabolism
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of Limburg. P.O. Box 616. 62(K) MD Maastricht. The Netherlands
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Abstract

The pattern of food intake can affect the regulation of body weight and
lipogenesis. We studied the effect of meal frequency on human energy expenditure
and its components. During one week ten male adults (age 25-61 yr, BM1 20.7-
30.4 kg/m^) were fed to energy balance at two meals per day (gorging pattern) and
during another week at seven meals per day (nibbling pattern). For the first six
days of each week the food was provided at home, followed by a 36 h stay in a
respiration chamber. Oxygen consumption and carbon dioxide production (and
hence energy expenditure, EE) were calculated over 24 h. Energy expenditure in
free living conditions was measured over the two weeks with doubly labeled water
(average daily metabolic rate, ADMR).

The three major components of ADMR are basal metabolic rate (BMR), diet
induced thermogenesis (DIT) and energy expenditure for physical activity (ACT).
There was no significant effect of meal frequency on 24 h EE or ADMR. BMR
and ACT did not differ between the two patterns either. DIT was significantly
elevated in the gorging pattern, but this effect was neutralized by correction for the
relevant time interval. With the method used for determination of DIT, no
significant effect of meal frequency on the contribution of DIT to ADMR could be
demonstrated.
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Introduction

The pattern of food intake, i.e. the feeding frequency, has a considerable effect on
the body composition of experimental animals. If rats which normally eat six to
eight meals a day (nibbling pattern) are trained to eat only once or twice a day
(gorging pattern), their body fat mass will increase (1-4). Cohn et al. (1)
conducted some studies on tube-fed rats. Rats in one group were allowed to eat ad
libitum and rats in a second group were fed an identical quantity of food by
stomach tube twice a day. At the end of the experiment the animals which received
their food by stomach tube had nearly twice as much body fat as did the rats
allowed to eat ad libitum.

In man, meal frequency is often cited as one of the variables that can
influence energy balance. It has been observed that obese individuals often skip
breakfast (5) and tend to eat most of their food in one meal, usually in the late
afternoon or evening (6). Using epidemiological methods, Fdbry and co-workers
studied the relationship between meal frequency and obesity. They reported a
higher energy intake in subjects consuming their food in a greater number of
meals. However, body weight was highest in the group who ate the fewest meals
unü'irie lowest energy intake (T). fn a survey of elderly men, Fabry et al. (8) found
that subjects who ate one or two meals a day tended to be more overweight than
those who ate three or more meals a day. Fdbry confirmed this finding in a study
of school children (9). Metzner et al. (10) studying the relationship between meal
frequency and adiposity in subjects with the same total daily food intake, showed
that those who ale more frequently during a 24 h period were less adipose than
those who ate less frequently. Furthermore, a gorging pattern of food intake has
boon shown to enhance lipogencsis (8,11), to increase body weight (12), to
increase blood serum cholesterol level (13-17) and to reduce glucose tolerance
(17-20).

Studies of the effect of meal frequency on 24 h energy expenditure and its
components basal metabolic rate (BMR), diet induced thermogencsis (DIT) and
energy expenditure due to physical activity (ACT) have been inconsistent. In a
previous study, in which we investigated the short term (2 d) effect of meal
frequency on energy metabolism, we observed an increased energy expenditure
during the postprandial hours on a gorging pattern, indicating a greater
contribution of DIT to 24 h energy expenditure (21). In view of the fact that 24 h
energy expenditure was not affected by the meal frequency, this would suggest
lhat energy expenditure due to physical activity was decreased on a gorging
pattern.

The present study was conducted to investigate whether there is an effect of
the pattern of food intake on 24 h energy metabolism (in both free living and
experimentally controlled conditions) and, more specifically, on the components of
energy expenditure: basal metabolic rate (BMR), diet induced thermogenesis (DIT)
and energy expenditure due to physical activity (ACT).
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Subjects and methods

Ten healthy male adults volunteered for this investigation. Their physical
characteristics are presented in Table 3.1. They were all non smokers. The
procedures to be used in the study were carefully explained to each subject before
he gave his coasent to participate. The protocol was reviewed and approved by the
University of Limburg Ethical Committee.

7aW<".?. / Physical characteristics of the subjects and order or treatment (G: gorging pattern;

N: nibbling pattern).

Subject

1

2

3

4

5

6
7

8
9

10

Age

(yr)

46

53

43

31

61

33

38

25

60

36

Height

(m)

1.79
1.79
1.65
1.89
1.76
1.76
1.73
1.75
1.60
1.80

Weight

(kg)

97.3
80.7

57.5

76.3
89.4

74.5
67.0
63.5
75.3
86.4

DMI

(kg/m*)

30.4

25.2

21.1

21.4

28.9

24.1

22.4
20.7
29.4

26.7

(MrrnT
treatment

G-N

G-N

N-G

N-G

G-N

G-N

N-G

N-G

G-N

G-N

The experiment was conducted over two consecutive weeks during one of which
daily intake was consumed at two meals (gorging pattern) and during the other at
seven (nibbling pattern). The order of administration of gorging and nibbling
pattern was randomized, with six subjects receiving the gorging pattern first and
four the nibbling pattern. For the first six days of each week food was provided at
home for consumption according to the prescribed eating pattern (gorging or
nibbling). On the last day of each week the subjects stayed in a respiration
chamber in which oxygen consumption, carbon dioxide production and physical
activity were measured (see below). Subjects were fed to energy balance basing
the average daily energy requirement on a 7-day food record, filled out 1 to 15
week(s) before the experimental period. During these seven consecutive days,
subjects recorded their food intake in a diary that was divided into seven periods a
day (three meals, four inter-meal periods). Over the two-week experimental
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period, data were collected on energy intake, energy expenditure, and changes in
body mass and body composition. Fig. 3.1 illustrates the experimental design
schematically.

Body weight

Respiration chamber

Meal pattern

Urine samples

Experimental day

>

X

< gorging

I U

• • • • • a

T Administration

doubly labeled

water

XX

•
><

i i

• • • C
7 8

XX

•
nibbling >

JQQQaQG
14

Deuterium T

dilution

measurement

Fi'#. .?. / Experimental design of the study.

* Reverse order for four subjects.

Tlic two eating patterns were characterized by a minimal or maximal spreading of
the energy intake throughout the day. The gorging pattern consisted of two large
meals: al 12.(H)h u lunch with bread, fruit and orange juice containing 40 per cent
of the daily energy intake and at 18.00h a dinner plus dessert containing the
remaining 60 per cent. The nibbling pattern consisted of seven small meals: at
7.30h a breakfast (15 per cent of daily energy intake), at lO.OOh a morning snack
(10 per cent of energy ), at 12.00h a lunch (25 per cent of energy), at 14.00h a
dessert (10 per cent of energy), at 16.(X)h a piece of fruit (5 per cent of energy), at
18.00h a small dinner (25 per cent of energy) and at 2O.3Oh an evening snack (10
per cent of energy) was consumed. Subjects were instructed to consume all food
items and returned any left overs.

The total daily energy intake was the same for the two eating patterns with
the same menu and macronutrient composition. The food provided 16 per cent of
energy as protein, 38 per cent as fat and 46 per cent as carbohydrate. The value of
the food quotient (FQ) as defined by Flatt (22) was 0.85.
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Energy expenditure (EE) was measured over the two consecutive weeks of ihc
experimental period with doubly labeled water (ADMR, average daily metabolic
rate) and on the last day of each week in a respiration chamber (24 h EE). Thus,
ADMR was measured under free living conditions. The 24 h EE measurement
allowed separate assessment of the basal metabolic rate (BMR) and diet induced
thermogenesis (DIT) (see below), permitting calculation of the energy expenditure
due to physical activity (ACT) as ADMR minus (BMR+DIT). In this study we
measured the sleeping metabolic rate (SMR), and have assumed this to be 5 % less
than BMR which is higher on account of the energy cost of arousal (23).

Dffr rmi/ia/ion o/
ADMR was measured throughout the 14 d of the study using the doubly labeled
water technique (24). Before going to bed at night on day 0 the subjects ingested a
2 H 2 ' " O drink after emptying the bladder (baseline urine sample). The dosage was
based on body mass in order to create a ^H excess of 150 ppm and an '"() excess
of 300 ppm. Further urine samples were collected by the subjects at home on day
1 in the morning after the first voiding, on day 1 before going to bed at night, and
during the stay in the respiration chamber on days 7, 8, 14 and 15 in the morning
after the first voiding. Isotope abundances in the urine samples were measured
with an isotope ratio mass spectrometer (VG Isogas, Aqua Sira). C(>2 production
was calculated as the difference between the disappearance rates of '*() and ^H,
correcting for isotope fractionation and isotope incorporation in other
compartments than H2O (25). Assessment of ADMR was based on this C(>2
production using an energy equivalent of 531 kJ/mol (RQ=O.85), according to the
average FQ calculated from the macronutricnt composition of the diet.

D<7erm;>ia«0/i o/24 /j ££, BM/?,
EE was calculated according to Weir (26) from O2 consumption and CO2
production as measured in a respiration chamber (27). This chamber measures 14
m* and is furnished with a bed, chair, table, TV, radio, telephone, wash-bowl and
toilet facilities. The chamber is ventilated with fresh air at 50 1/min. The ventilation
rate was measured with a dry gasmctcr (Schlumberger, type G6). The
concentration of oxygen and carbon dioxide was measured using a paramagnetic
OT analyser (Servomex, type OA 184) and an infrared CO2 analyser (Hartman &
Braun, type URAS 3G). Ingoing air was analysed once every 15 min. and
outgoing air once every 5 min. The gas sample to be measured was selected by a
computer which also stored and processed the data. The system was checked
monthly with ethanol combustion. Differences between calculated and measured
O2 consumption and CO2 production were 0.5 (SD 1.2) per cent and -2.5 (SD
1.6) per cent respectively.
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24 h EE was calculated from 7.00h to 7.00h. To describe the effect of meal
frequency on energy expenditure throughout the day, EE was also calculated over
3 h intervals. The physical activity of the subjects was monitored by means of a
radar system, based on the Doppler principle. In daytime subjects were allowed to
move freely, to sit, lie down, study, telephone, listen to the radio and watch
television. Only sleeping and strenuous exercise were not allowed. SMR was
measured from 3.00h to 6.00h, when subjects were asleep. Furthermore, SMR
was divided by 0.95 to assess BMR. The method used for determination of DIT
was previously described by Schutz et al. (28) and is based on simultaneous
measurements of both physical activity and energy expenditure. The relationship
between physical activity and energy expenditure for each individual, both
averaged over 30 min. periods, was plotted. Only the intervals after the first meal
until bedtime were used, i.e. from 12.00h to 23.OOh for the gorging pattern (= 11
postprandial hours) and from 7.3()h to 23.OOh for the nibbling pattern (= 15.5
postprandial hours). The intercept of the regression line at zero activity represents
the energy expenditure in the inactive state (EEQ activity) consisting of two
components: BMR and DIT. By subtracting BMR from EEQ^,jyi,y we obtained
DIT, and corrected it for the relevant time interval (see below). ACT was
calculated as ADMR - BMR - DIT (corrected for time). Thus, the separate
components of ADMR are obtained by the following equations:

BMR = SMR/0.95

DIT (corr.) = (EEo^üviiy - BMR) x (postprandial hours/24)
ACT = ADMR - BMR - DIT (corr.)

flrx/v Mn'#/if «n<7 fav/v rom/w.Wf/Vwi
Subjects weighed themselves (without clothing) on the mornings of days 0, 7, 8,
14 and 15, after voiding and before consuming any food/drink. A digital balance
(Seca delta, model 707) accurate to 0.1 kg was used.

Body composition was ascertained by deuterium dilution at the start and end
of the two-week experimental period. At the start body composition was assessed
by analysing the urine samples collected on the evening of day 0 (baseline urine
sample) and on the morning of day 1 after the first voiding. At the end of the
experimental period, i.e. before going to bed at night on day 15. a ^F^O dilution
was drunk at home after emptying the bladder (baseline urine sample). The dosage
was based on body mass in order to create a ^H excess of 100 ppm. A second
urine sample was collected by the subjects at home on day 16 in the morning after
the first voiding. Total body water (TBW) was calculated as the deuterium dilution
space divided by 1.04, correcting for exchange of the deuterium label with
nonaqucous hydrogen of body solids (29). Fat-free mass (FFM) was calculated
from TBW assuming a hydration coefficient of 0.73; fat mass (FM) was calculated
as body weight minus FFM.
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Data on energy intake, energy expenditure and body composition were analysed
by paired t-tests within eating patterns. Differences between patterns were tested
using the modified paired t-test for the cross-over design as described by Amvitage
and Berry (30). The diurnal variation in EE was analysed by using the method of
summary measures (31). Changes in body weight were statistically tested using
repeated measures analysis of variance and Scheffó F-iesis. Correlation between
physical activity and energy expenditure was quantified using the Pearson
correlation coefficient. Data are presented as the mean and standard error of the
mean (SE) in the text, tables and figures.

Results

Energy mm*?, <4£>MJ? am/ 24 A £ £
Energy intake (El), ADMR and 24 h EE of individual subjects are presented in
Table 3.2. ADMR was not significantly different between the two patterns
(gorging pattern: 11.8 (SD 1.0) MJ/d; nibbling pattern: 12.3 (SD 1.6} MJ/d;
p=0.400). Analysis of 24 h EE shows that there was no significant effect of meal
frequency. Mean 24 h EE was 9.4 (SE 0.2) MJ/d for both gorging and nibbling
pattern (p=0.819). In both eating patterns 24 h EE was significantly lower than
ADMR (gorging pattern: p=0.0003; nibbling pattern: p=0.0001), probably
because of the restricted physical activity of the subjects while staying in the
respiration chamber. Table 3.3 presents the dilution spaces and fractional
elimination rates for '*O and ^H.

Mean El was significantly lower than ADMR, resulting in a negative energy
balance in free living conditions for both gorging (El-ADMR = -1.8 (SE 0.3)
MJ/d) and nibbling pattern (El-ADMR = -2.1 (SE 0.6) MJ/d). El was not
significantly different from 24 h EE on the gorging pattern (p=0.153), and
significantly higher than 24 h EE on the nibbling pattern (p=O.O34). Therefore,
subjects were in a slightly positive energy balance while they were staying in the
respiration chamber (gorging pattern: EI-24 h EE = +0.7 (SE 0.4) MJ/d; nibbling
pattern: EI-24 h EE = +0.8 (SE 0.3) MJ/d).
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Energy intake (EI, in MJ/d) and energy expenditure (in MJ/d) of individual subjects

measured in free living conditions (ADMR) and sedentary conditions in a respiration chamber (24

hEE).

Subject

1

2
3
4
5
6
7
8
9
10

Mean

SB

GORGING PATTERN

El

9.8
10.8

9.3
11.4

8.9
8.3
8.4

11.3

10.8
11.4

10.01*

0.4

ADMR

11.9
11.6

11.5

12.5

10.3
11.2
12.0
13.4
10.6
12.9

11.81

0.3

24 hEE

10.8
9.4

8.5
9.2

10.0
9.7
8.0
9.2
9.2
9.5

9.4*

0.2

NIBBLING PATTERN

e

9.9

10.8
9.4

11.5
9.0
9.3
8.4

11.3
10.8
11.4

10.2 *§

0.4

ADMR

15.9

11.9

10.6

12.8

12.5

11.5

11.4

10.6

12.8

13.2

12.3*

0.5

24 hEE

10.7

9.4

8.7
9.7

9.3
9.2
8.5
9.6
9.3
9.4

9.4 §

0.2

*

El vs. ADMR in the gorging pattern, p=0.0006

El vs. ADMR in the nibbling pattern, p=0.004

El vs. 24 h EE in the gorging pattern. p=O.153 (NS)

§ El vs. 24 h EE in the nibbling pattern. p=0.034

DI'M/TUJ/ mnYmVm in £ £
Fig. 3.2 shows the individual data for EE on both eating patterns, expressed over
3 h intervals. The diurnal variation in EE was analysed by dividing the day into
two periods of 12 hours: 7.OOh-19.OOh and 19.0Oh-7.O0h. These periods were
chosen because subjects rise at 7.(X)h in the morning and 24 h EE measurements
were made between 7.00h and 7.(K)h. From 7.00h-19.00h EE was not
significantly different between both patterns (Area Under Curve(gorging)=7.00 (SE
0.20) kJ/min, AUC(nibbling)=7.23 (SE 0.14) kJ/min; p=0.111). In the period from
19.00h-7.0()h EE was significantly elevated in the gorging pattern
(AUC(gorging)=6.00 (SE 0.16) kJ/min, AUC(nibbling)=5.8O (SE 0.13) kJ;
p=().026).
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Dilution spaces (in I) and fractional elimination rates (day'') from body water of

excess '*O and *H. during the two-week experimental period.

Subject

1

2
3
4
5
6
7
8
9
10

Do

46.20

42.53
35.45
40.53
41.01
38.74
40.00
36.59

36.28
41.17

DH

47.03
42.54
36.42

41.63
42.50
40.14
41.45
37.93
37.60
42.66

Day

"18

0.09273
0.09468
0.11180

0.10473
0.07834

0.08038
0.11062
0.11624

0.09723
0.13100

1-7

•<2

0.0711!
0.07179

0.08683
0.07871
0.05792

0.05698
0.08676
0.09184
0.07320

0.10445

Day

kl8

0.10347

0.09877
0.11014
0.10470
0.08960

0.09647
0.10954
0 12119
0.10849

0.09650

8-14

*2

0.07534

0.07521
0.08344
0.07924
0.06501
0.07184
0.08462
009104
0.07970
O.O7O3O

D Q dilution space for " o
DJJ dilution space for ^H
k{ g fractional elimination rale based on excess '*O
1(2 fractional elimination rate based on excess H

Fig. 5.2 Individual plots of diurnal energy expenditure (EE) as measured in the respiration
chamber against time for all subjects on a gorging (A) and nibbling (B) pattern.



Body we/'g/if and fcody compos/rion
Body weight, fat-free mass and fat mass over the two-week experimental period
are presented in Table 3.4 (n=9; data of subject 9 were not complete with respect
to body composition measurements). Body weight changes (-0.6 (SE 0.3) kg/14
d) were not significantly different from zero. Weight loss was not associated with
the pattern of food intake: 0.3 (SE 0.2) kg for both gorging and nibbling pattern
(p=0.801). Fat-free mass and fat mass did not change significantly during the
study. There was a significant relationship (Pearson's r = 0.779, p=0.014)
between the discrepancy between energy intake and energy expenditure and the
change in body weight over the experimental period, in that subjects with the
highest energy deficit lost most weight.

.7.4 Mean body weight, fat-free mass and fat mass, all expressed in kg, during the two-

week experimental period (n=9).

Start After 1 week End

Mean SE Mean SE Mean SE

76.81 4.3 7 6 . 4 ' 4.3

58.7* 1.3

17.7 § 3.1

1 Nxly weight repeated measures, p=O.O85 (NS)

* fat-free mass start vs. end. p=O.889 (NS)

§ fat mass start vs. end, p=O3O8 (NS)

Body weight

1 al free mass

1'at mass

77.0 1

58.7 *

18.3 *

4.3
1.4
3.2

, D/7"«nd/lC7"
Fig. 3.3A shows the diurnal variation in energy expenditure and physical activity
of one subject on the gorging pattern. Fig.3.3B presents the individual regression
line of energy expenditure on physical activity of the same subject. Only the
intervals after the first meal until bedtime were used for assessment of DIT (closed
circles). The open circles in the graph indicate the interval from 7.3Oh to 12.00h.
Within individuals, energy expenditure and physical activity were related
significantly, except for subject 3 on both gorging and nibbling pattern and subject
6 on the gorging pattern (Table 3.5).
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3000

r

7 10 13 16 19 22 25 28 31

Tune (h)

Fi£. J.JA Energy expenditure (closed circles) and activity (open circles) (averaged over 30 min.

periods) during the lime course of the day in one subject (subject •>) on the gorging piuicm.

0 500 1000 1500 2000 2500 3000

Activity by radar (counts)

Fig. J.Jfl Relationship between energy expenditure (EH) and activity in the same subject, each

point representing a 30 min. period from 12.0On-23.OOh (closed circles). The open circles indicate

the 30 min. periods from 7.30h-12.0Oh.

Regression line: EE = 5.84 + (1.61 x 10^) activity (Pearson's r = 0.807, p=0.0001).
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TaW« i.J Individual data of EEQ activity on both gorging and nibbling pattern. Data are

expressed in kJ/min. 95% Confidence limits for EEQ acivity are given between brackets.

Subject

1
2

3
4

5
6

7

8

9

10

GORGING PATTERN

EEo activity

6.66 (± 0.62)
6.38 (± 0.53)

6.64 (± 0.91)

5.88 (± 0.98)

6.07 (± 0.81)

6.40 (± 1.17)

5.43 (± 0.78)

6.23 (± 0.69)

5.84 (± 0.57)

6.75 (± 0.69)

(df21)
r

0.826

0.677

0.045
0.554

0.783
0.414

0.507
0.609

0.807

0.516

P

0.0001

0.0005
0.8580

0.0075

0.0001
0.0558

0.0161

0.0026

0.0001

0.0140

NIBBLING PATTERN

kk(| activity

6.16 (± 0.91)
6.18 (±0.80)

5.67 (± 1.37)
5.62 (± 0.98)

5.41 (±0.80)
5.49 (± 0.47)

5.61 (± 0.65)
5.89 (± 0.67)

5.66 (± 0.42)

6.11 (±0.40)

(df30)

r

0.691

0.551

0.305
0.585
0.684

0.835

0.551
0.709

0.815
0.799

P

0.0001

0.0013
0.1084

0.0005

0.0001

0.0001

0.0013

0.0001

0.0001

0.0001

(I degrees of freedom
r Pearson correlation coefficient between physical activity and energy expenditure

The effect of meal frequency on ADMR and its components BMR, DIT and ACT
is presented in Table 3.6. ADMR was not significantly different between the two
patterns. BMR did not differ between both patterns, while DIT was significantly
elevated in the gorging pattern. Because DIT was measured over a period of 11
hours in the gorging pattern and 15.5 hours in the nibbling pattern, we have to
correct DIT. When correcting for the relevant time interval, the effect of meal
frequency on DIT was neutralized: DIT(gorging) = (EEQ activity'^MR) x 11/24
(measured over 11 h) = 0.9 (SE 0.1) MJ/d; DIT(nibbling) = (EEQ activity-BMR) x
15.5/24 (measured over 15.5 h) = 0.9 (SE 0.1) MJ/d. Thus, the contribution of
DIT to ADMR was 7.6 (SE 0.8) % for the gorging pattern and 7.3 (SE 0.8) % for
the nibbling pattern (p=O.653). ACT was not significantly different between the
two patterns.
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Mean ADMR. EEQ Ktiviiy SMR, BMR. DIT and ACT of all subjects on both
eating patterns. Data are expressed in MJ/d.

ADMR

EE<) activity

SMR

BMR
D1T

DIT (con.)'
ACT*

GORGING
Mean

11.8*

9.0 *>

6.7
7JO«

2.0*

0 . 9 '

3.9 '

PATTERN
SE

0.3

0.2

0.1
0.2
0.2
0.1
0.3

NIBBLING
Mean

12.3"

8.3 *•

6.6

7.0 «

1.3*»

0 . 9 '

4 S f

PATTERN

SE

0.5
0.1

0.1

0.1

0.1

0.1

0 4

1 corrected for the time interval used for assessment or DIT
§ ACT • ADMR - BMR - DIT (coir.)
a ADMR gorging vs. nibbling. p=0 400 (NS)

b EEo activity gaging vs. nibbling. p=0.003
c BMR gorging vs. nibbling, p=0.690 (NS)

d DIT gorging vs. nibbling, p=0.008

e DIT (corr.) gorging vs. nibbling, p=O.778 (NS)

f ACT gorging vs. nibbling, p=O.373 (NS)

Discussion

According to Ravussin et al. (32) there is an inverse relationship between a
reduced 24 h energy expenditure and the rate of subsequent weight gain. A
reduced daily energy expenditure is therefore a possible risk factor in the
development of obesity. Several studies have investigated the effects of meal
frequency on 24 h energy expenditure. Dallosso el al. (12), studying the effect of
meal frequency in adult males failed to observe an effect on 24 h EE. Their study
showed an alteration of the profile of energy expenditure over the day with
changing meal frequency, but the differences balanced themselves out. According
to Wolfram et al. (33), there was no influence of meal frequency on energy
balance in adolescents, studied under the condition of slight undcrnulrition. In the
present study, there was no significant effect of meal frequency on ADMR or 24 h
EE either. Therefore, the greater percentage of overweight and adiposity in
gorging people, as observed in epidemiologie studies (7-10) cannot be explained
by a decrease in daily energy expenditure (present study).

In the present study, there was a significant difference between 24 h EE and
ADMR for both gorging (20.1 (SE 3.2) %) and nibbling pattern (23.2 (SE 2.1)
%) due to the restriction of spontaneous physical activity of the subjects while
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staying in the respiration chamber. Because El was not adjusted for this difference
in EE, changes in energy balance between free-living and sedentary conditions are
to be expected. There are two possible reasons for the deficit between diary
estimated energy requirements and actual requirements. One is that subjects may
have underreportcd their El. Prentice et al. (34) described a mean difference of 33
per cent between reported El and measured EE for obese subjects, while the
corresponding difference for lean subjects was only 2 per cent. However, subjects
in the present study were not expected to have any reasons for intentional
underreporting. A second possibility might be a negative influence of keeping a
dietary record on habitual El. In fact, several of the subjects studied reported that
having to record all they eat and drink for 7 days changed their feeding habits, i.e.
by unintended restriction of their El.

The study design employed a cross-over of dietary treatments, with the order
of administration randomized. It is important in such cases to consider the
possibility of a carry-over effect of the first treatment into the second half of the
study. There are indications however, that people can adjust in a relatively short
period of time to changes in energy intake. Hill et al. (35) conducted a study to
determine whether substrate oxidation is influenced by changes in diet composition
over a 7-day interval. The results showed that there were no significant changes in
measured parameters on days 3 and 7, indicating a rapid adjustment (within 3
days) of the body to changes in energy intake, i.e. diet composition. Concerning
the experimental design of this study, we hypothesized that our subjects also
adjusted in a short period of time to the administered eating pattern and assume that
the carry-over effect was unimportant in this study.

As we used a single dose of doubly labeled water to measure ADMR, it is
important to consider the possibility that reduced isotopic enrichment affected
precision of the measurements during the second 7-day period. According to
Schoeller (36) the optimal metabolic period to measure energy expenditure in
human adults is 5 to 28 days. Taking the biological half-life of '*O to be about 7
days, a calculated '"O excess of 300 ppm would be produced in the first week of
the study and one of 150 ppm in the second week. This would mean that during
the second week measurement of ADMR is less precise. Schoeller (36) estimated
the precision of ADMR as ± 3 % in the first week vs. ± 7 % in the second week.
However, randomization of the presentation of dietary patterns should balance the
difference in precision across the study group.

Studies of the effect of meal frequency on the energy components BMR, DIT
and ACT have been inconsistent. According to Swindells et al. (37) there was no
difference in resting oxygen consumption of young women when daily El was
consumed in nine or two meals a day. Some studies reported an increasing DIT
with a gorging pattern of food intake (38-39) while others described no
relationship (40-41). The time interval used for determination of DIT in these
studies ranged from 5-10 h. as well as the number of meals indicated as 'gorging'
(one or two meals) or 'nibbling' (two to six meals). Zahorska-Markiewicz (42)

44



Paffrm o/Jiwrf üitoibr aiuf rwryy wftifer>/tim

and Miller and Wise (43) suggested that an interaction of the physical activity of
the subjects and DIT could be of great importance in regulating energy
expenditure.

Our data indicated no influence of meal frequency on BMR. EEQ g^ j , . , was
significantly elevated in the gorging pattern, due to an increased DIT. However,
when correcting the data on DIT for the relevant time interval, the effect of meal
frequency was neutralized. Fig. 3.3B shows the relationship between physical
activity and EE in a subject on the gorging pattern. The data of the prcprundiul
period (i.e. from 7.3Oh to 12.(K)h), represented as open circles, are localized
beneath the regression line, indicating that it is justified to exclude these points
from regression analysis. Furthermore, we expect no contribution to DIT during
the preprandial period of the gorging pattern. Considering the data on diurnal
variation in EE (Fig. 3.2), we suggest thai the contribution of D1T in the gorging
pattern is continued till the early night, reflected by a greater area under the curve
(AUC) from 19.00h to 7.00h which could not be explained by a change in
physical activity. Thus, despite the fact that subjects following the nibbling pattern
consume an evening snack at 2().3()h, EE from 19.(X)h to 7.(K)h was still
significantly higher at the gorging pattern. Fdbry (20) suggested thai if a gorging
pattern of food intake leads to an inhibition of spontaneous physical activity
('laziness' after a rich meal), this inhibition can vary greatly, depending on a
subject's baseline activity. In the present study, there was no effect of meal
frequency on the contribution of ACT to ADMR but we have no information about
the general level of activity of the subjects under free-living conditions.
Measurements of physical activity in sedentary conditions in ihe respiration
chamber, determined by means of a radar system, revealed that there was no
difference in physical activity between gorging (701 (SE 48) counts/24 h) and
nibbling pattern (749 (SE 34) counts/24 h; p=O.243).

In conclusion, no significant effect of meal frequency on ADMR or 24 h EE
was observed. The contribution of DIT to ADMR was significantly increased in
the gorging pattern. However, when the relevant time interval for DIT was taken
into account, the effect of meal frequency was neutralized. BMR and ACT were
not significantly different between ihe gorging and nibbling pattern. We can only
speculate about the reasons for these findings. One could imagine that the effect of
meal frequency is more obvious when subjects arc accustomed to consume a
gorging or nibbling pattern of food intake. If this is the case, further investigation
is necessary. Considering the results of other studies on the effect of meal
frequency on human energy metabolism (12,21,33) and the results of the present
study (also focussing on energy expenditure in free living conditions), a more
likely conclusion may be that meal frequency has no effect at all on total daily
energy expenditure.
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Chapter 4

Frequency of feeding, weight reduction and energy
metabolism
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Maastricht, The Netherlands
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Abstract

A study was conducted to investigate the effect of feeding frequency on the rate
and composition of weight loss and 24 h energy metabolism in moderately obese
women on a 4.18 MJ/day diet. During four consecutive weeks fourteen female
adults (age 20-58 years, BMI 25.4-34.9 kg/m^) restricted their food intake to 4.18
MJ/day. Seven subjects consumed the diet in two meals daily (gorging pattern),
the others consumed the diet in three to five meals (nibbling pattern). Body mass
and body composition, obtained by deuterium dilution, were measured at the start
of the experiment and after two and four weeks of dieting. Sleeping metabolic rate
(SMR) was measured at the same time intervals using a respiration chamber. At
the end of the experiment 24 h energy expenditure (24 h EE) and diet induced
thermogenesis (DIT) were assessed by a 36 h stay in the respiration chamber.

There was no significant effect of the feeding frequency on the rale of weight
loss, fat mass loss or fat-free mass loss. Furthermore, fat mass and fat-free mass
contributed equally to weight loss in subjects on both gorging and nibbling diet.
Feeding frequency had no significant effect on SMR after two or four weeks of
dieting. The decrease in SMR after four weeks was significantly greater in subjects
on the nibbling diet, 24 h EE and DIT were not significantly different between the
two feeding regimens.

It is concluded that the pattern of food intake has no significant effect on the
rate and composition of weight loss in obese women on a 4.18 MJ/day diet for
four weeks; and that 24 h energy metabolism and its compartments SMR and DIT
are not significantly affected by the feeding frequency.
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Introduction

The development of obesity is a consequence of an energetic state of imbalance
over a prolonged period of time, in which energy intake (El) exceeds energy
expenditure (EE). In man, frequency of feeding is often cited as one of the
variables that can influence energy balance. Debry et al. (1) studied weight
reduction in 119 obese subjects who where given a moderately hypocaloric diet
(5.02-7.53 MJ/day) as three meals ('gorging' pattern) or seven meals ('nibbling'
pattern). They observed that for the same subjects receiving the same food intake
weight reduction was greater with seven meals than with three meals daily (mean
weight loss with seven meals: 142 g/day; mean weight loss with three meals: 78
g/day). Others failed to show any significant relationship between frequency of
feeding and weight loss (2-4).

vSeveral studies investigated the effect of feeding frequency on 24 h energy
expenditure (24 h EE) or its compartments in isocaloric conditions. Dallosso et al.
(5) studying the effect of feeding frequency in adult men, did not observe a
significant change in 24 h EE due to the pattern of food intake. According to
Wolfram et al. (6) energy balance was not influenced by the feeding frequency,
studied in subjects on a slightly hypocaloric diet. In a previous study in which we
investigated the short term (two day) effect of feeding frequency (7), we observed
no significant effect of feeding frequency on 24 h EE. However, on the gorging
pattern energy expenditure was increased during the postprandial hours, indicating
a greater contribution of diet induced thermogenesis (DIT) to 24 h EE. Similarly
some studies described an increasing DIT with a gorging pattern of food intake (8-
9), while others reported no relationship between the feeding frequency and DIT
(10-11). Swindells et al. (12) studying the influence of feeding frequency in
young women approximately in energy balance, reported no differences in resting
oxygen consumption due to the pattern of food intake.

The present study was conducted to investigate the effect of feeding
frequency on the rate and composition of weight loss in moderately obese women
on a 4.18 MJ/day diet. Furthermore 24 h energy metabolism was studied,
including two of the compartments of energy expenditure: sleeping metabolic rate
(SMR) and diet induced thermogenesis (DIT).

Subjects and methods

Fourteen female adults, randomly allocated in two groups for experimental
purposes, participated in this study. The selection criteria to enter the study
included age (20-60 years) and body mass index (25-35 kg/m^). Mean age was
46.1 ± 3.3 years (range 20-58) and body mass index 30.2 ± 0.8 kg/m^ (range
25.4-34.9). The procedures to be used in the study were carefully explained to
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each subject before she gave her consent to participate. The protocol was reviewed
and approved by the University of Limburg Ethical Committee.

The experiment consisted of four consecutive weeks during which daily intake
was restricted to 4.18 MJ/day. Seven subjects (subjects 1-7) consumed the diet in
two meals daily according to a gorging pattern, the others (subjects 8-14)
consumed the diet in three to five meals per day (nibbling pattern). In the four
week dietary period, subjects were free in their choice of food as long as the
energy content did not exceed 4.18 MJ daily. Two research dieticians explained
the purpose of the dietary regimeas. Over the four week experimental period, data
were collected on energy intake, energy expenditure (24 h EE, SMR and D1T),
body mass and body composition.

The two eating patterns prescribed to the women were characterized by the
presence or absence of a breakfast. Subjects on the gorging diet had to consume
two meals daily: a lunch at 12.(K)h containing 40 % of the daily energy intake
(1.67 MJ) and a dinner at 18.(K)h containing the remaining 60 % (2.51 MJ).
Subjects on the nibbling diet were instructed to consume three to five meals: a
breakfast at 7.3Oh (30 % energy), a lunch at 12.(K)h (30 % energy) with the
opportunity to eat 10 % energy between 12.(X)h and 15.(K)h, and a dinner at
18.00h (40 % energy) with the opportunity to eat 10 % energy between 18.(X)h
and 21.00h. Between the meals no extra consumptions were allowed, except for
coffee or tea (without sugar and milk) and mineral or lap water. During the
experiment alcohol consumption was allowed, as long as it fitted into the energy
content of the diet and the eating pattern. During the 36 h stay in the respiration
chamber and on the day before, portion food (gorging diet: 2 meals, nibbling diet:
5 meals) was provided to the subjects to ensure accurate compliance to the diet
content and frequency of feeding.

A/eoïwrem^/jf o/ «iwgy //iMJtf
Before the experiment started, a 7-day food record was filled out by the subjects to
estimate their usual energy intake and frequency of feeding. During these seven
consecutive days, subjects recorded their food intake in a diary that was divided
into seven periods a day (three meals, four inter-meal periods). Brand names were
asked for as well as cooking recipes that were used. In weeks 1 and 4 of the
experimental period subjects again recorded their food intake and pattern of food
intake. For the subjects this facilitated accurate fulfilment of the diet, and
simultaneously we could check the energy intake and frequency of feeding during
the experimental period. Energy and nutrient consumption was calculated using the
computerized Dutch food composition table (13).
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Over the four week experimental period energy expenditure was measured at
regular intervals. At the start of the experiment and after two weeks dieting the
sleeping metabolic rate (SMR) was measured during an overnight stay in a
respiration chamber. At the end of the experiment, after four weeks dieting, energy
expenditure was measured during a 36 h stay in the respiration chamber to
determine 24 h EE, SMR and DIT.

o/24 J» ££, SAf/?
Energy expenditure was calculated from O2 consumption and CO2 production (14)
as measured in a respiration chamber (15). This chamber measured 14 m^ and is
furnished with a bed, chair, table, TV, radio, telephone, wash-bowl and toilet
facilities. The chamber is ventilated with fresh air at 50 1/min. The ventilation rate
was measured with a dry gasmeter (Schlumberger, type G6). The concentration of
oxygen and carbon dioxide was measured using a paramagnetic O2 analyser
(Servomcx, type OA 184) and an infra-red CO2 analyser (Hartman & Braun, type
URAS 3G). Ingoing air was analysed once every 15 min. and outgoing air once
every 5 min. The gas sample to be measured was selected by a computer which
also stored and processed the data. The physical activity of the subjects in the
chamber was monitored by means of a radar system, based on the Doppler
principle. In the daytime subjects were allowed to move freely, to sit, lie down,
study, telephone, listen to the radio and watch television; only sleeping and
strenuous exercise were not allowed.

24 h EE was calculated from 7.00h to 7.00h. SMR was measured from
3.(X)h to 6.(X)h, when subjects were asleep. The method used for determination of
DIT was as previously described (16), and is based on simultaneous
measurements of both physical activity and energy expenditure of the subjects.
The individual relationship between the physical activity and energy expenditure
both averaged over 30 min. periods was plotted. Only the intervals after the first
meal until bedtime were used. i.e. from 12.00h to 23.OOh for subjects on the
gorging pattern and from 7.3Oh to 23.OOh for subjects on the nibbling pattern. The
intercept of the regression line at zero activity represents the energy expenditure in
the inactive state (EEQ activity) consisting of two components: SMR and DIT. By
subtracting SMR from EEQ activity we obtained DIT, thus including the energy cost
of arousal (17).

y mass and frodV
Body mass of the subjects was measured at the start of the experiment and after
two and four weeks of dieting. Subjects were weighed (without clothing) in the
morning upon rising, after voiding and before any food/drink consumption, on a
digital balance (Seca delta, model 707) accurate to 0.1 kg. Body composition was
assessed at the same intervals using the deuterium dilution technique. Before going
to bed at night during the stay in the respiration chamber a 'H^O dilution was
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drunk after emptying the bladder (baseline urine sample). The dosage calculation
was based on body mass in order to create a ^H excess of 1(X) ppm. A second
urine sample was collected by the subjects on the next day in the morning, from
the second voiding between 8.{X)h and l().(X)h. Deuterium was measured in urine
samples with an isotope ratio mass spectrometer (VG Aqua Sira). Total body
water (TBW) was calculated as the measured deuterium dilution space divided by
1.04 (18). Fat-free mass was calculated as TBW/O.73; fat mass was calculated as
body mass minus fat-free mass.

Changes in energy intake, body mass, body composition and SMR were
statistically tested using repeated measures analysis of variance (ANOVA) and
Scheffé F tests. Data on 24 h EE, D1T and differences between the two groups
were analysed by unpaired t tests. Correlations between physical activity and
energy expenditure were analysed using the Pearson correlation coefficient. In the
text and tables data are presented as the mean and standard error of the mean (SE).

Results

Data on habitual energy intake, dietary intake in weeks 1 and 4 of the experimental
period, and the number of meals per day eaten are presented in Table 4.1. Mean
habitual energy intake was significantly higher than dietary intake in week I and 4,
for both gorging (habitual El vs. El week 1, p<O.(X)l; habitual El vs. El week 4,
p<0.01) and nibbling pattern (habitual El vs. El week 1, p<O.(X)l; habitual El vs.
El week 4, p<0.001). Dietary intake was not significantly different between week
1 and week 4 of the experimental period, and also not significantly different from
the prescribed dietary intake of 4.18 MJ/day. The number of meals per day eaten
by each group prior to the study was on average 6-7 meals. Subjects on the
gorging diet consumed two meals daily as prescribed in the study design; subjects
on the nibbling diet actually consumed four meals daily, indicating a high rate of
compliance to the frequency of feeding during the first and fourth week of the diet.
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4. / Habitual energy intake (EI), energy intake in weeks 1 and 4 of the dietary period,

and the number of meals per day eaten for subjects on a gorging or nibbling pattern. Data on

energy intake are expressed in MJ/day; feeding frequency is expressed in meals per day.

Habitual HI

i;i week 1

El week 4

Habitual feeding frequency

I'ccding frequency week 1

Iwding frequency week 4

GORGING

Mean

8.20
3.99

4.56

6.4
2.1
2.1

PATTERN
SE

0.70
0.34

0.75

0.3
0.1
0.1

NIBBLING
Mean

7.98
4.35
4.26

6.7
4.4
4.3

PATTERN
SE

0.39
0.16
0.16

0.7
0.4

0.3

Table 4.2 presents the macronutrient composition of the habitual energy intake and
dietary intake in week 1 and 4 for subjects on the gorging or nibbling pattern.
There were no significant differences concerning intake of protein, fat,
carbohydrate or alcohol between subjects on the gorging or nibbling pattern,
neither before the experiment nor in week 1 or week 4. Protein intake was
significantly increased during week 1 and week 4 of the experiment compared to
the habitual protein intake, both for subjects on the gorging and on the nibbling
pattern. Fat intake was unchanged in the dietary period for subjects on the gorging
pattern, but significantly decreased for subjects on the nibbling pattern, possibly
due to the relatively higher habitual fat intake. Intake of carbohydrate was only
significantly increased in week 1 of the dietary period for subjects on the nibbling
pattern. Alcohol consumption was not significantly different during the dietary
period compared (o habitual intake, although consumption seemed to be higher in
the habitual situation.

£(></v fmm «m/ frw/y com/vwifion
The analytical precision for ^H was 0.2 ppm. Table 4.3 shows mean body mass,
fat mass and fat-free mass of both groups during the four week experimental
period. Comparing the two eating patterns, there was no significant difference at
the start of the experiment in body mass, fat mass or fat-free mass between both
groups. After two and four weeks of dieting, there was no significant effect of the
feeding frequency on body mass, fat mass or fat-free mass.
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Diet composition of the habitual energy intake and energy intake in weeks I ami 4
of the experimental period for subjects on a gorging or nibbling pattern. Data arc expressed as a
percentage of the total energy intake.

Habitual protein %
Protein % week 1

Protein % week 4

Habitual fat %
Fat % week 1
Fat % week 4

Habitual carbohydrate %
Carbohydrate % week 1

Carbohydrate % week 4

Habitual alcohol %
Alcohol % week 1
Alcohol % week 4

GORGING
Mean

14.2

20.6 "
18.8*

36.9
33.4
31.9

45.9
44.5
47.6

3.0
1.5
1.7

PATTERN
SE

1.5
1.5
1.4

2.8
3.2
2.0

2.6
3.0
2.4

1.2
1.2
1.0

NIBBLING
Mean

14.2
19.6 " •

18.6 "

40.3
294 *••
3 3 . 7 "

43.8
50.8 ' •
46.9

1.6
0.0

0.7

PATTERN
SE

0.9
0.9

0.8

1.4
I.I
1.5

.9

.6

.1

0.7
0.0
0.4

Statistical significance vs. habitual intake: • p<0.05, •• p<0.01, ••• p<0 001.

Differences did occur after dieting in the separate groups. Body mass significantly
decreased during the study on both gorging (BM 0 vs. 2 weeks, p<O.(M)l; BM 0
vs. 4 weeks, p<0.001; BM 2 vs. 4 weeks, p<0.05) and nibbling pattern (BM Ü
vs. 2 weeks, p<0.001; BM 0 vs. 4 weeks, p<0.001; BM 2 vs. 4 weeks,
p<0.001). In subjects on the gorging pattern fat mass significantly decreased
during the four week dietary period (p<0.05); fat-free mass did not change
significantly. In subjects on the nibbling pattern both fat mass and fat-free mass
significantly decreased during the four weeks (FM: p<0.(X)l; FFM: p<0.0l).

There was no significant effect of the feeding frequency on losses of body
mass, fat mass or fat-free mass. Losses of fat mass and fat-free mass contributed
equally to loss of body mass.
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7a/)/<' 4. J Mean body mass, fat mass and fat-free mass of subjects on a gorging or nibbling

pattern during the four week experimental period. Losses of body mass, fat mass and fat-free mass

arc calculated as data at 0 weeks (starting conditions) minus data at 4 weeks. All values are

expressed in kg.

Body mass

Fat mass

Fat-free mass

Body mass
Fat mass
Fat-free mass

0 weeks

Mean SE

82.2

33.6

48.6

4.6

2.9

3.0

0 weeks

Mean SE

79.0

31.7

47.3

2.6

2.2

1.5

GORGING PATTERN

2 weeks 4 weeks

Mean SE Mean SE

79.5 4.5

31.9 2.4

47.6 3.1

NIBBLING

2 weeks

Mean SE

76.3 2.7

30.1 2.2

46.2 1.5

78.1 4.3

31.3 2.6

46.8 2.8

PATTERN

4 weeks

Mean SE

74.3 2.6

29.0 2.2

45.3 1.6

Loss

Mean SE

4 .1"* 0.5

2.3"* 0.6

1.8"* 0.5

Loss

Mean SE

4.7 0.4

2.7 0.5

2.0 0.4

ns no significant difference between gorging and nibbling pattern

raft-

Table 4.4 illustrates the data on SMR, SMR per kg body mass and SMR per kg
fat-free mass for subjects on the gorging or nibbling pattern. In subjects on the
gorging pattern SMR significantly decreased in the first two weeks of the
experiment (p<0.01), but was not significantly different from SMR after four
weeks. Expressed per kg body mass, SMR significantly decreased in the first two
weeks (p<0.()5) but then significantly increased in weeks 3 and 4 (p<0.01),
resulting in no net change of SMR. SMR per kg fat-free mass did not change
significantly over the four week period. In the nibbling pattern SMR significantly
decreased in weeks 1 and 2 (rxO.001) and remained at that level during the rest of
the study. SMR per kg body mass did not change significantly over the four week
period. Expressed per kg fat-free mass. SMR decreased significantly from the start
of the experiment to week 4 (p<0.05).

There was no significant effect of the feeding frequency on SMR. SMR per
kg body mass or SMR per kg fat-free mass, neither after two weeks nor after four
weeks of dieting. Considering the effect of the feeding frequency on changes in
SMR. subjects on a nibbling pattern had a stronger decrease in SMR (-9.0 ± 1.2
% of starting conditions) compared to subjects on a gorging pattern (-3.6 ± 1.7
%). Expressed per kg body mass or fat-free mass, no statistically significant effect
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of the feeding frequency on SMR was obtained (SMR/BM: p>0.05; SMR/FFM:
p>0.1), possibly due to the limited number of subjects and the high inter-person
variability.

.4 Mean SMR (in kJ/min). SMR per kg body mass (in kJ/kg.h) and SMR per kg fat-
free mass (in U/kg.h) during tne four week experimental period Changes in SMR, SMR/BM and

SMR/FFM are expressed as a percentage of starting conditions.

SMR

SMR/BM

SMR/FFM

SMR

SMR/BM

SMR/FFM

0 weeks

Mean SE

4.17

3.07

5.18

0.19

0.10

0.10

0 weeks
Mean SE

4.12

3.13

5.22

0.14

0.08

0.06

GORGING

2 weeks

Mean SE

3.86 0.19

2.93 0.11

4.90 0.15

NIBBLING
2 weeks

Mean SE

3.74 0.14

2.95 0.08

4.86 0.06

PAITIiRN

4 weeks

Mean SE

4.02 0.19

3.11 0.12

5.19 0.14

PATTIJW

4 weeks
Main SE

3.74 0.11

3.03 0.06

4.97 0.14

Changes
Mean SE

•3.6* 1.7

1.4"» 1.6

0.1 "* 2,2

Changes
Mean SE

-9.0 1.2
-3.2 1.6
-4.9 1.9

* p<0.05, gorging vs. nibbling pattern

ns no significant difference between gorging and nibbling pattern

24 /i

The effect of the feeding frequency on 24 h energy metabolism and its
compartments is presented in Table 4.5. Two subjects (subject 4 and 13) were
excluded from the assessment of DIT, because there was no significant correlation
between their physical activity and energy expenditure. 24 h EE was not
significantly different between the gorging and nibbling pattern. SMR and DIT (in
kJ/min) did not differ between the two groups. When correcting for the time
interval used for determination of DIT, there was still no effect of the feeding
frequency on DIT: DIT(gorging) = (EEQ activity " SMR) x 11 x 60 (measured over
11 h) = 562 (SE 64) kJ/d; DIT(nibbling) = (EEQ activity " SMR) x 15.5 x 60
(measured over 15.5 h) = 854 (SE 143) kJ/d. When DIT was expressed as a
percentage of 24 h EE or 24 h El, there were no significant differences between
subjects on the gorging or nibbling diet
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71aWe 4.5 Mean 24 h energy expenditure (24 b EE). sleeping metabolic rate (SMR), energy

expenditure in the inactive state (EEQ activity)- diet induced thermogenesis (DIT), 24 h physical

activity (obtained by radar) and 24 h respiratory quotient (RQ) of subjects on a gorging or

nibbling pattern. Data on DIT are expressed in absolute values (in kj/min and kJ/day) and as a

percentage of 24 b EE and 24 h El.

24hEE(ld/Uay)

SMR (kJ/min)

lilïo activity (kJ/min)
DIT (kJ/min)

DIT (Id/day)

DITCfcofEE)

DIT (% of El)

Physical activity (counts)

2 4 h R Q

GORGING

Mean*

7838

3.97

4.82

0.85

562
7.2

13.4

665
0.80

PATTERN

SE

416
0.21

0.24

0.10

64

0.8

1.5

56
0.01

NIBBLING

Mean*"

7867

3.69

4.61

0.92

854

10.8

20.4

885
0.78

PATTERN

SE

202
0.12

0.21

0.15

143
1.7
3.4

125
0.01

a all subjects except subject 4

h all subjects except subject 13

Discussion

In this study we investigated the effect of feeding frequency on the rate and
composition of weight loss in moderately obese women on a 4.18 MJ/day diet.
Results of similar studies have failed to indicate a consistent pattern. Some have
reported that weight loss is greater on a nibbling diet (1,19), whereas others report
that there is no relationship between frequency of feeding and weight loss (2-4).
Schlundt et al. (20) recently examined the impact of eating breakfast in a
behavioral weight-control programme controlling for initial breakfast eating habits.
Greater weight loss was achieved for baseline breakfast eaters on a no-breakfast
treatment and for baseline breakfast skippers on a breakfast treatment. In the
present study we found no effect of feeding frequency on the rate of weight loss
(Table 4.3).

There was no significant effect of feeding frequency on the rale of fat mass
(FM) loss or fat-free mass (FFM) loss (Table 4.3). In the gorging pattern FM loss
accounted for ± 56 * to weight loss and FFM loss for ± 44 %. In the nibbling
pattern the contribution was ± 57 % for FM and ± 43 % for FFM. These results
support the view of Garrow et al. (21) that feeding frequency has a minor role in
the preservation of lean tissue.
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Using the deuterium dilution technique for assessment of body composition
implicates the assumption that the body has two compartments, e.g. FM and FFM.
FFM was calculated from TBW assuming that the average hydration of FFM (22)
is 73 %, although this hydration ratio may rise with increasing fatness (23).
However, for women with a mean body fat percentage of 40 * as in the present
study, the difference in % water of FFM compared to lean women is lower than 2
% (24). Furthermore, in the first week on a hypocaloric diet we might expect
water diuresis that is not only related to FFM loss, but to excess extracellular water
and sodium re-absorption kinetics as well. Thus, FFM as calculated from TBW
might be slightly overestimated. On the other hand this applies equally to both
groups, as physical characteristics at baseline were not significantly different
between the two groups of subjects.

A second objective of this study was to investigate whether there is an effect
of feeding frequency on 24 h EE, SMR and DIT in hypocaloric conditions. The
results indicated no significant effect of feeding frequency on SMR, cither
expressed in absolute values or per kg BM or FFM. From literature it is well
known that the rate of weight loss decreases with time. The reason for this
phenomenon is thought to be a decrease of RMR which occurs with caloric
restriction (25-30). Furthermore, a lowering of RMR would imply lower energy
requirements which induce resistance to further weight loss and facilitate weight
gain when dieting is given up. In the present study, we observed a decrease of
SMR in weeks 1 and 2 at the same extent for both feeding patterns. However, in
weeks 3 and 4 SMR is rising in subjects on the gorging diet, resulting in no net
change of SMR over the experimental period. After four weeks of dieting, the
decrease in SMR (both in absolute values and expressed as a percentage of starting
conditions) is greater for subjects on the nibbling diet. One explanation for this
finding could be the relative higher energy intake in week 4 as observed in subjects
on the gorging diet (Table 4.1), reflecting less compliance to the diet compared to
week 1. We suggest that skipping breakfast while on a hypocaloric diet is
associated with more difficulty in adherence to the diet. Schlundt et al. (20)
supported this view by reporting a greater reduction in unplanned, impulsive
eating when subjects on a reducing diet include a breakfast.

Concerning the contribution of diet induced thermogenesis to 24 h EE, no
significant effect of feeding frequency could be obtained, either expressed in
kJ/day or as a percentage of 24 h EE or 24 h El. Physical activity of the subjects,
only measured during the 36 h stay in the respiration chamber, was not affected by
feeding frequency either. Furthermore, we have no indications that physical
activity during the weeks of the study was different for the two groups of subjects.

Summarizing the results of the present study, there are no significant effects
of the pattern of food intake on losses of body mass, fat mass or fat-free mass
during a four week dietary period. 24 h EE, SMR and DIT are not significantly
influenced by the feeding frequency.
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Abstract

Patients with liver disease are frequently undernourished. We determined the
habitual pattern of energy intake and intake of protein, fat, carbohydrate and
alcohol in patients with liver disease. 20 Patients differing with respect to cause,
duration and severity of liver disease reported their habitual food intake using a 7-
day food record. Control subjects formed a representative sample of the Dutch
population.
Results: In patients with liver disease, energy intake (El) per kg body mass was
significantly decreased compared to controls. Total fat intake was reduced in
patients, whereas total carbohydrate intake was elevated. In the first four hours
after rising. El and protein intake were significantly increased in the patient group.
During the late evening the contribution of carbohydrate to El was higher in
patients with liver disease than in control subjects. These findings are probably
functional in order to minimize episodes of catabolism.

Introduction

Undemutrition and malnutrition are common among patients with liver disease (1-
3). Undemutrition which can be defined as a state of inadequate energy intake is
especially present in patients with end-stage cirrhosis of the liver, resulting in loss
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of body weight. The lean body mass is one of the variables that indicates the
severity of undernutrition: when carbohydrate and fat sources are inadequate in
providing energy, muscle protein is used. Mills et al. (4) studying the nutritional
status of patients with alcoholic liver disease of varying severity, reported a
decreased lean body mass, although mean body weight was 108 % of ideal body
weight.

In malnutrition of patients with liver disease the accent lies on a deficient
intake of protein. Swart et al. (5) reported that cirrhotic patients have elevated
protein requirements, probably caused by small and inadequate liver glycogen
stores, resulting in gluconcogenesis from amino acids and hence extra amino acid
loss. On the other hand, protein-restricted diets are sometimes prescribed to
cirrhotic patients to prevent or treat porto-systemic encephalopathy. By increasing
the efficiency of nitrogen metabolism, it is not necessary to choose between
protein requirement and protein tolerance. A study on the effect of the pattern of
food intake on nitrogen balance in cirrhotic patients, revealed that a late evening
meal improved the efficiency of nitrogen metabolism (6).

In the present study we investigated the habitual pattern of food intake in
patients with liver disease. Our hypothesis was that energy intake might be
increased during the early morning in patients with liver disease when compared to
controls, to compensate a more catabolic state after an overnight fast in patients
with liver disease, due to reduced liver glycogen stores. Furthermore, we studied
the habitual intake of macronutrients, i.e. intake of protein, fat, carbohydrate and
alcohol.

Subjects and methods

Ten male and ten female patients with liver disease participated in the study. Their
mean age was 51 (range 25-71) years. Mean body mass index was 25.4 (range
20.4-33.3) kg/m^. Further details are shown in Table 5.1. One patient (subject 10)
was studied while staying in the hospital for treatment; the other subjects visited
the out-patient clinic regularly and were studied at home. Subject 17 was on a
sodium-restricted diet during the experiment; subject 20 on a protein-restricted diet
(60 g protein/day). The patients had not received any other dietary advice.
Medication included a/athioprine (subject 17), diuretics (subjects 9. 17 and 20),
lactulose (subject 20). prednison (subjects 16, 17 and 18) and Zn-acetale (subject
20). The research protocol was reviewed and approved by the local Ethical
Committee. The procedures in the study were carefully explained to the patients
before they gave their consent to participate.

64



o / / 5 w / intaAr in /i w dfrrras?

.7 Characteristics of the patients.

Abbreviations: AICAH, autoimmune chronic active hepatitis: Ale cirrh. alcoholic cirrhosis; Ale

hep. alcoholic hepatitis; Ale Sll. alcoholic sleatohcpatitis, BMI. body mass index; CAHB,

chronic active hepatitis B; Crypt cirrti, cryptogenic cirrhosis. HI., hypcrlipidacmia; PBC, primary

biliary cirrhosis; PSC, primary sclerosing cholangitis; SH, steatohepatitis.

Subject

1
2

3
4

5
6
7
8
9
10
11
12

13
14

15
16
17
18
19
20

Sex

M
M
M
M
M
M
M
M
M
M
F
F
F
F
F
F
F
F
F
F

Age
(years)

50
40
49
56
46
61
38
49
49
40
48
61
55
47
55
70
71
56

25
58

BMI

(kg/m*)

26.6

33.3

27.8

27.8

28.4

26.4

23.1

26.9

23.5

20.4

24.2

22.9

33.3

22.3

22.4

21.1

21.5

28.5

25.3

22.3

Diagnosis

SU/HL

AIcSH

SH/HL

SH
Ale hep

CAHB

PSC
Ak cirrh

PSC
Alchep

PSC
AICAH

Crypt cirrh

PBC
PBC

AICAH

AICAH

PSC
AICAH

Crypt cirrh

Cirrhosis

(ycs/no)

no
IK)

IIO

no
no
yes

yc*
ye»
yes
yes
no
yes
yes
yes
yes
yes
yes
yes
yes
yes

Child-Pugh

classification

A
A
A
B
C

A
A
A
A
A
B
B

B
B

Food record
A 7-day food record was filled out by the subjects to determine their habitual
dietary intake. During these seven consecutive days, subjects recorded their food
intake in a diary that was divided in 7 periods a day (three meals, four inter-meal
periods). Brand names were asked for as well as cooking recipes that were used.
Energy and nutrient (protein, fat, carbohydrate and alcohol) consumption was
calculated using the computerized Dutch food composition table (7).

The results of the present study were compared with a dietary survey of a
representative sample of the Dutch population within the age group of 22 till 74
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years (n=3961; 22-49 years: 1296 M, 1286 F; 50-64 years: 431 M, 460 F; 65-74
years: 227 M, 261 F) (8). Mean body mass of the reference group was assumed to
be 70 kg for men and 55 kg for women (9). Differences between patients with
liver disease and control subjects were tested using unpaired t-tests with p<0.05 as
level of significance. Diurnal distribution of energy and macronutrient intake was
studied by determining intake over 4 intervals, i.e. from 1 to 4 hours after rising in
the morning (including breakfast and morning snack), from 5 to 8 hours after
rising (including lunch and afternoon snack), from 9 to 12 hours after rising
(dinner) and from 13 to 24 hours after rising (evening snack). In the text, tables
and figures data arc presented as the mean and standard error of the mean (SE).

Results

Energy a/id macrwiMWiVnr intaJte
Table 5.2 presents mean energy and macronutrient intake for patients with liver
disease and control subjects. Total El (in kJ/d) was not significantly different
between the two groups. However, when expressing El per kg body mass, intake
was significantly decreased in patients with liver disease (df 24, unpaired t-value:
2.74, p<().()5). The contribution of fat to El was significantly decreased in patients
compared to control subjects (df 24, unpaired t-value: 2.70, p<0.05). Carbohy-
drate intake was significantly increased in the patient group (df 24, unpaired t-
value: 2.77, p<0.01).

7VJ/)/F 5.2 Habitual energy and macronulricnt intake for patients with liver disease and control

subjects. Inuike of protein, fat. carbohydrate and alcohol is expressed as a percentage of total

energy intake (mean ± SH).

Energy intake (kJ/U)

Body mass (kg)

I-j>ergy intake per kg body mass

(kJ.kg ' d ' )

pnttcin intake (%)

fat intake f*)

carbohydrate intake (%)

alcohol intake (*)

Liver disease

8047 ± 597

70.9 ± 2.8

1 1 3 . 7 1 7 . 8 *

14.5 ± 0.6

32.0 ± 1.9*

50.2 ± 1.8**

3.3 ± 2.3

Control subjects

9629 ± 654

62.5 ± 3.4
153.7 ± 4.1

13.6 ± 0.3
41.6 ±0.3
40.9 ± 0.3

3.9 ± 0.5

Statistical significance vs. control subjects: • p<0.05, ** p<0.01.
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Fig. 5.1 presents the diurnal distribution of EI for patients and control subjects.
Patients with liver disease showed an increased El in the first four hours after
rising, compared to control subjects (df 24, unpaired t-value: 2.49, p<().()5).
During the following intervals. El was lower in patients than in control subjects,
but this result reached significance only when the three intervals were combined
(p<0.05). The contribution of protein, fat. carbohydrate and alcohol to total energy
intake is shown in Fig. 5.2. During the first four hours after rising the contribution
of protein to total energy intake was significantly increased in the patient group (df
24, unpaired t-value: 2.58, p<0.05). Fat intake was significantly decreased in
patients with liver disease when compared to controls during the second interval
(i.e. 5-8 hours after rising; df 24, unpaired t-valuc: 2.76, p<().05) and third
interval (i.e. 9-12 hours after rising; df 24, unpaired l-valuc: 3.73, p<O.(X)l). The
contribution of carbohydrate to total energy intake was significantly increased in
the patient group during the third interval (df 24, unpaired t-value: 3.64, p<().()l)
and fourth interval (i.e. 13-24 hours after rising; df 22. unpaired t-valuc: 2.50,
p<0.05).

'S

• Liver disease
0 Control subjects

1-4 5-8 9-12 13-24

Hours after rising

Fig. 5.7 Habitual pattern of energy intake (El) for patients with liver disease and control

subjects. Statistical significance vs. controls: * rxO.05.
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Liver disease

1-4 S-K 9-12

Hours after rising

13-24

Alcohol
Carbohydrate
Fat
Protein

Control subjects

1-4 5-8 9-12

Hours after rising

13-24

Fiff. 5.2 Contribution of protein, fat. carbohydraie and alcohol ( * of total energy intake)

over 4 intervals for patients with liver disease and control subjects.
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Discussion

One of the causes of undemutrition in patients with late stage cirrhosis or other
types of liver disease is an insufficient food intake. This is especially common in
patients with ascites, probably due to the abdominal tension and early feeling of
satiety during eating (2). We investigated the habitual energy and macronutrient
intake and the pattern of food intake in patients with liver disease. None of the
patients had received a dietary advice that would have influenced (he habitual
eating behaviour, except for subject 17 (sodium-restricted diet) and 20 (protein-
restricted diet). Total El per kg body mass was significantly decreased in patients
with liver disease (Table 5.2). Because both body mass and body mass index of
the patients were within the normal range, we conclude that patients with liver
disease have a reduced energy intake. In patients with liver cirrhosis,
incorporation of a late evening meal into the daily energy intake pattern was found
to improve the efficiency of nitrogen metabolism, presumably by a delay of the
onset of gluconcogcnesis from amino acids at night (6). Referring to these
findings, the habitual pattern of El over the day in patients with liver disease was
studied as well. During the first four hours after rising in the morning, El was
significantly elevated in patients compared to controls (Fig. S. 1). Patients with
liver disease probably have limited glycogen stores in the liver, resulting in a more
rapid development of a catabolic state (10-11). To compensate for this calabolic
state after an overnight fast, patients with liver disease would have higher actual
energy needs in the morning, and indeed, they eat more.

Total fat intake was significantly decreased in patients with liver disease,
whereas total carbohydrate intake was increased (Table 5.2). Nowadays, medical
advice to consume a low-fat diet is not customary in liver disease, and patients in
this study did not get such an advice. It is however possible that the patients
themselves believe that a low-fat, high-carbohydrate diet has some beneficial
effects on their disease, but this is only speculative. We did not check whether the
patients had such attitude towards low-fat food items.

Analysis of the diurnal distribution of macronutrient intake revealed that
protein intake was increased in patients with liver disease during the first four
hours after rising in the morning (Fig. 5.2). These findings are in accordance with
results of Swart et al. (5), suggesting that patients with liver cirrhosis have
elevated protein requirements because of an early onset of gluconeogencsis from
amino acids after an overnight fast, due to limited glycogen storage in the liver of
these patients. Another important finding was the observed increase in
carbohydrate intake during the period from 13-24 hours after rising in patients
with liver disease (63 ± 5 % vs. 43 ± 1 % for controls; p<0.05). It is hypothesized
that a high carbohydrate intake during the late evening in patients with liver disease
would enhance glycogen restorage in the liver, thereby delaying an early onset of
gluconeogenesis from amino acids that would occur because glucose cannot be
provided in sufficient amounts.
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In conclusion, patients with liver disease have a lower 24 h El/kg body mass, a
reduced fat intake and a higher carbohydrate intake than healthy subjects. In the
morning El and the contribution of protein to El is increased in the patient group.
During the late evening carbohydrate intake is increased in patients with liver
disease when compared to control subjects. These findings are probably functional
in order to minimize episodes of catabolism.
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Chapter 6

Energy expenditure and substrate metabolism in
patients with cirrhosis of the liver: Effects of the
pattern of food intake

W.P.H.G. Verboeket-van de Vcnne, K.R. Westerterp. B. van Hock and G.R.
Swart

Departments of Human Biology, University of Limburg, Maastricht. Gastro-
entcrology/Hcpaiology, University Hospital Maastricht and Internal Medicine II,
University Hospital Rotterdam, The Netherlands

Abstract

Patients with liver cirrhosis are frequently undernourished. In healthy subjects, the
pattern of food intake is one of the variables that can influence energy balance and
substrate metabolism. We determined the short-term (2 d) effect of the pattern of
food intake in patients with liver cirrhosis as compared to controls. In a respiration
chamber 8 patients with cirrhosis of the liver and 23 controls were fed to estimated
energy balance in 2 meals daily ('gorging pattern') and 4-7 meals daily ('nibbling
pattern').

24 h Energy expenditure expressed as a multiple of the sleeping metabolic
rate (SMR) was decreased in patients with cirrhosis (1.31 ± 0.03 vs. 1.44 ± 0.02
for controls; p<0.01), due to an increased SMR per kg fat-free mass in patients
with cirrhosis. In both patients with cirrhosis and controls, the respiratory quotient
(RQ) was significantly lower during the morning prcprandial period on the
gorging pattern (9.OOh-12.OOh), reflecting a higher oxidation ratio of fat to
carbohydrate compatible to a more catabolic state.

Especially for patients with cirrhosis of the liver, a nibbling pattern of food
intake including a good breakfast and a late evening meal would be preferable, in
order to have shorter episodes of catabolism during the day.
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Introduction

Assessment of energy expenditure and substrate metabolism in patients with
cirrhosis of the liver is important to elucidate the combination of processes leading
to malnutrition in patients with cirrhosis. Information on energy expenditure
measurements in patients with cirrhosis has been inconsistent. Some studies
reported an increased resting metabolic rate (RMR) in cirrhotic patients (1-4),
while others described a normal (5-6) or decreased RMR (1,7). Part of this
variation can be due to the diversity of methods applied for measuring and
calculating energy expenditure. Owen et al. (5) reported that after an overnight fast
the energy requirements of patients with alcoholic cirrhosis were normal, but the
nature of fuels oxidized was more similar to that in healthy controls after 2-3 days
of total starvation, i.e. a relatively high contribution of fat to energy metabolism.

The pattern of food intake is often cited as one of the variables that can
influence energy balance and substrate metabolism. When the daily energy intake
is consumed in a small number of large meals ('gorging pattern') relatively more
energy has to be stored compared to a feeding pattern with a large number of small
meals ('nibbling pattern'). A gorging pattern has been shown to enhance
lipogenesis (8-9), to increase body weight (10), to increase blood serum
cholesterol level (11-12) and to reduce glucose tolerance (12-14). In a previous
study, in which we investigated the short term (2 d) effect of feeding frequency on
nutrient utilization in healthy young subjects, we observed a stronger diurnal
periodicity of lipogenesis and lipolysis on a gorging pattern than on a nibbling
pattern of food intake (15). In patients with cirrhosis of the liver, a late evening
meal seemed to improve the efficiency of nitrogen metabolism (16).

The present study was conducted to assess 24 h energy expenditure and
sleeping metabolic rate of patients with liver cirrhosis, comparing the results with
healthy adult controls. A second aim was to determine whether there is an effect of
the pattern of food intake on the oxidation rate of protein, fat and carbohydrate in
cirrhotic patients. The results of substrate metabolism were partially compared
with a similar study on healthy young adults.

Subjects and methods

Su/yecrs
Eight patients with a biopsy-proven cirrhosis of the liver were studied. AH were in
a stable clinical condition at the lime of the study. Their median age was 53 (range
39-62) years, their median body mass index was 23.7 (range 20.6-27.7) kg/m^.
Further details are shown in Table 6.1. The median age of the healthy adult
controls (10 M) was 41 (range 25-61) years and their median body mass index
was 24.7 (range 20.7-30.4) kg/m^ (17). The healthy young adults (2 M, 11 F)
had a median age of 20 (range 18-23) years and a median body mass index of 20.6
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(range 18.4-26.1) kg/m* (15). The research protocol was reviewed and approved
by the local Ethical Committee. The procedures to be used in the study were
carefully explained to the subjects before they gave their written consent to
participate.

5. / Characteristics of the patients

Abbreviations: Ale, alcoholic cirrhosis; BM1. body mass index; Crypt, crypiogcnic cirrhosis;

PSC. primary sclcrosing cholangitis; AICAII. autoimmune chronic active hepatitis with

cirrhosis; PBC, primary biliary cirrhosis.

Case

no.

1

2

3
4

5
6

7
8

Sex

M

M
M

M
F
F

F
F

Age

<*>

46

49

39

49

56
61

62
58

BM1

Ocg/m*)

20.6

26.8

23.1
24.4

27.7
23.2

24.2

22.0

Diagnosis

Alc
Alc

PSC

PSC

PSC

A1CAH

PDC

Crypt

Chlld-Pugh

classification

B
A

A

B
B
A

B
B

The experiment consisted of two periods of two consecutive days. During one
episode of 2 days patients consumed two meals ('gorging pattern') and during the
other episode of 2 days they had four meals ('nibbling pattern'). The order of
administration of the gorging and nibbling pattern was randomized. Subject 4 was
studied only during the nibbling pattern, subject 8 only during the gorging pattern.
The interval between the two experimental periods was at least 5 days. ()n the first
day of each period the patients came to the University of Limburg in Maastricht to
stay in a respiration chamber for ± 44 hours. Oxygen consumption, carbon
dioxide production, and hence respiratory quotient (RQ) and energy expenditure
(EE) were the main measurements (see below). Urine samples were collected to
determine nitrogen excretion and hence calculate the non-protein respiratory
quotient (NPRQ) and substrate oxidation. Patients were fed to an estimated energy
balance assuming 24 h EE to be 1.38 x basal metabolic rate (BMR). BMR of the
patients was calculated according to the equations of Harris & Benedict (18),
based on sex, age, height and weight of the patients.

73



The two eating patterns were characterized by a minimal or maximal spreading of
the energy intake (El) throughout the day. The gorging pattern consisted of two
large meals: a lunch at 12.00h containing 50 per cent of the daily El and a dinner at
18.(X)h containing the remaining 50 per cent. The nibbling pattern consisted of
four smaller meals: a breakfast at 7.30h (20 energy %), a lunch at 12.00h (30
energy %), a dinner at 18.00h (30 energy %) and an evening snack at 22.30h (20
energy %). The patients were instructed to consume all food items and to return
any left overs. The total daily El was the same for the two feeding patterns with
the same menu and macronutrient composition. The food provided 12 energy per
cent protein, 38 energy per cent fat and 50 energy per cent carbohydrate. The value
of the food quotient (FQ) as defined by Flatt (19) was 0.86.

Body mass and body composition
Patients weighed theirselves (without clothing) in the morning of day 2 and 3 upon
rising, after voiding and before any food/drink consumption, on a digital balance
(Seca delta, model 707) accurate to 0.1 kg. Body composition was measured by
deuterium dilution on the first evening of the stay in the respiration chamber.
Before going to bed at night on day 1 between 22.3Oh and 23.OOh, a 2H2O
dilution was drunk after emptying the bladder (baseline urine sample). The dosage
calculation was based on body mass (BM) in order to create a ^H excess of 100
ppm. A second urine sample was collected by the patients on day 2 in the morning
after the first voiding between 8.(X)h and lO.OOh. Isotope abundances in the urine
samples were measured with an isotope ratio mass spectrometer (VG Isogas, Aqua
Sira). Total body water (TBW) was calculated as the measured deuterium dilution
space divided by 1.04 (20). Fat-free mass (FFM) was calculated as TBW/O.73; fat
mass (FM) was calculated as BM minus FFM.

Urinary nitrogen excretion
Urine was collected in six portions: from 18.OOh-23.OOh on day 1, from 23.OOh
on day 1 to 7.0()h on day 2, from 7.OOh-12.OOh on day 2, from 12.00h-18.00h on
day 2, from 18.(X)h-23.OOh on day 2 and from 23.OOh on day 2 to 7.00h on day
3. Samples were collected in containers with 2 ml H2SO4 to prevent nitrogen loss
through evaporation; volume and nitrogen concentration were measured
subsequently, the latter using a Heracus analyser (type CHN-O-Rapid).

Respiration chamber measurements
Oxygen consumption and carbon dioxide production were measured in a
respiration chamber (21). This chamber measures 14 m-̂  and is furnished with a
bed, chair, table, TV, radio, telephone, wash-bowl and toilet facilities. The
chamber is ventilated with fresh air at 50 1/min. The ventilation rate was measured
with a dry gasmeter (vSchlumberger, type G6). The concentration of oxygen and
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carbon dioxide was measured using a paramagnetic (>> analyser (Servomex. type
OA 184) and an infrared CO2 analyser (Hartman & Braun, type URAS 3G).
Ingoing air was analysed once every 15 min and outgoing air once every 5 min.
The gas sample to be measured was selected by a computer (21) which also stored
and processed the data. Respiratory quotient (RQ) and energy expenditure (EE)
were calculated from O2 consumption and CO2 production (22). Subjects went to
bed at 23.OOh, and rose at 7.(X)h. During daytime subjects were allowed to move
freely, to sit. lie down, telephone, listen to the radio and watch television, only
sleeping and strenuous exercise were not allowed.

A/UJ/VS« »ƒ dara
24 h EE and RQ were calculated from 7.(K)h to 7.(K)h. Energy balance was
determined by subtracting 24 h EE from El. The sleeping metabolic rale (SMR)
was measured from 3.00h to 6.(X)h, when subjects were asleep. To describe the
effect of feeding frequency on substrate oxidation, RQ was calculated over 3 h
intervals throughout the day. Urinary nitrogen excretion was determined for the
same intervals, taking into account the different collecting periods. Protein, fat and
carbohydrate oxidation were calculated according to JiJquier et al. (23). The effects
of feeding frequency on the diurnal pattern of RQ, NPRQ and substrate oxidation
were analysed by repeated measures analysis of variance (ANOVA) and Schcffé
F-tests. Differences between gorging and nibbling pattern were tested using
unpaired t-tests. In the text, tables and figures data are presented as the mean and
standard error of the mean (SE).

Results

In patients with cirrhosis of the liver the energy balance was negative on both the
gorging and the nibbling pattern. For the gorging pattern EI-EE was -589 ± 498
kJ/d, for the nibbling pattern -391 ± 467 kJ/d. There was no significant effect of
feeding frequency on the level of energy balance.

Body /rum and feody compos/f/'on
During the stay in the respiration chamber BM of the cirrholic patients decreased
0.2 ±0.1 kg on the gorging pattern (df 6, paired t-value: 1.55, p><).I) and 0.3 ±
0.1 kg on the nibbling pattern (df 6, paired t-value: 4.20, p<0.01). There was no
effect of feeding frequency on loss of BM. FFM was significantly lower in
women (49.1 ± 2.4 kg) compared to men (60.5 ± 1.2 kg) (df 6, unpaired t-value:
4.22, p<0.01). FM and percentage body fat (% fat) were not significantly different
between women (FM: 17.3 ± 3.6 kg; % fat: 25.6 ± 4.1) and men (FM: 13.6 ± 2.9
kg; % fat: 17.9 ±3.1).
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24 h EE in the cirrhotic patients was not significantly different between the gorging
(9191 ± 605 kJ/d) and the nibbling pattern (9146 ± 580 kJ/d). There was no effect
of the pattern of food intake on SMR, when SMR was expressed in absolute
values (gorging pattern: 6817 ± 460 kJ/d; nibbling pattern: 7136 ± 433 kJ/d) or
when SMR was expressed as a percentage of 24 h EE (gorging pattern: 74.2 ± 1.2
%; nibbling pattern: 78.2 ± 2.0 %). Comparison of energy metabolism between
patients with liver cirrhosis and healthy adult controls revealed that 24 h EE and
SMR (both in absolute values) were not significantly different (Table 6.2).
However, when expressing 24 h EE as a multiple of SMR, reflecting the level of
physical activity in the respiration chamber, 24 h EE/SMR was significantly
decreased for patients with liver cirrhosis (df 16, unpaired t-value: 3.79, p<0.01).
SMR per kg BM or FFM was significantly increased in patients compared to
healthy adult controls (SMR/BM: df 16, unpaired t-value: 2.24, p<0.05;
SMR/FFM: df 16, unpaired t-value: 3.23, p<0.01). BM and FFM were not
significantly different between patients (BM: 70.4 ± 3.0 kg; FFM: 54.8 ± 2.5 kg)
and adult controls (BM: 76.8 ± 3.9 kg; FFM: 58.2 ± 1.3 kg).

6.2 Energy metabolism in patients with liver cirrhosis (n=8) and healthy adult subjects

(n° 10). Data arc expressed as mean ± SK.

Abbreviations: 24 h KK, 24 h energy expenditure; SMR. sleeping metabolic rate: SMR/BM,

sleeping metabolic rate per kg body mass; SMR/1 I'M, sleeping metabolic rate per kg fat-free

mass.

24 h l-i: (kJAI)

SMR (kJ/d)

24 h KI-7SMR

SMR/DM Od.kg ' .d ' )

SMR/11-Tvt (kj.kg ' . d ' )

Liver cirrhosis

9105 ±519

6971 ±418

1.31 ±0.03**

99.2 ± 4.9*
127.1 ±4.5**

Healthy adults

9365 ±210
6528 ± 147
1.44 ±0.02

86.4 ± 3.3
112.3 ±2.0

Statistical significance vs. healthy adults: • p<0 05, *• rxO.01.

In patients with cirrhosis of the liver 24 h RQ was not significantly different
between the gorging (0.84 ± 0.01) and the nibbling pattern (0.84 ± 0.01). For
both the gorging and nibbling pattern. RQ was lower than the FQ (=0.86),
indicating mobilization of energy from body fat stores. Figure 6.1 A presents the
diurnal pattern of RQ for patients with liver cirrhosis from the night preceding the
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second experimental day to the early morning of the third day. There was a
considerable fluctuation in RQ when eating according to the gorging pattern. From
9.(X)h-12.OOh on the gorging pattern RQ was significantly lower than on the
nibbling pattern (with breakfast at 7.3()h), reflecting a higher oxidation ratio of fat
to carbohydrate during this period of the day. , ,

0.95

0.90-

0.85-

0.80-

0.75
3 6 9 12 15 18 21 24 27 30

0.95

0.90-

0.85 -

0.80-

0.75
3 6 9 12 15 18 21 24 27 30

Fig. 6./ Fluctuation of the respiratory quotient (RQ) over 3 h intervals, from 3.00h-6.00h

on day 2 (3-6) to 3.00h-6.00h on day 3 (27-30), for both gorging (closed circles) and nibbling

(open circles) pattern. Pan A: patients with cirrhosis of the liver (n=7); part B: healthy control

subjects (n=13). Statistical significance gorging vs. nibbling pattern: *** p<0.001.
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Figure 6.IB presents the influence of feeding frequency on the diurnal pattern of
RQ for healthy young adults. The fluctuation in RQ for cirrhotic patients resembles
the pattern for control subjects over most of the 24 h cycle. However, in patients
with liver cirrhosis we failed to observe a spontaneous tendency to an increased
RQ at the time of rising in the morning (i.e. interval 6.00h-9.00h) as described for
the controls. Furthermore, we found that the RQ during the night is very similar
on both feeding patterns for cirrhotic patienLs, despite the fact that the last meal of
the nibbling pattern is 4.5 hours later than the last meal of the gorging pattern. The
effect of feeding frequency on the diurnal fluctuation in NPRQ in cirrhotic patients
is presented in Figure 6.2.

0.95

0.90-

0.85 "

0.«0 "

0.75

Time (h)

Fi'#. 6.2 Miiciualion of ihc non-protein respiratory quotient (NPRQ) over 3 h intervals, from

3.00h-6.00h on day 2 (3-6) to 3.00h-6.00h on Jay 3 (27-30), for patients with liver cirrhosis on

the gorging (closed circles) and nibbling (open circles) pattern (n=7). Statistical significance

gorging vs. nibbling pattern: **• p<0.001.

3 6 9 12 15 18 21 24 27 30

Table 6.3 presents 24 h intake, oxidation and balance of protein, fat and
carbohydrate. There were no significant differences between the gorging and
nibbling pattern with respect to oxidation or balance of one of the substrates.
Carbohydrate balance was significantly different from zero (df 6. paired t-value:
4.77, p<0.01) for subjects on the gorging pattern. The diurnal variation in
substrate oxidation in cirrhotic patients is presented in Figure 6.3. Oxidation of
protein, fat and carbohydrate is calculated over 6 h intervals and expressed as a
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percentage of total EE during the interval. From 6.(X)h-12.00h the contribution of
carbohydrate to total EE was significantly lower on the gorging pattern (31 ± 3 %
vs. 40 ± 3 % on the nibbling pattern; df 12, unpaired t-value: 2.19, p<0.05).
During the other time intervals no significant effect of the pattern of food intake on
substrate oxidation was observed.

On the nibbling pattern the contribution of protein, fat and carbohydrate to
total EE was fairly constant throughout the day. From 6.(X)h-12.OOh we observed
a significantly higher fat oxidation compared to nocturnal values (50 ± 2 % vs. 39
± 4 %; F-value: 5.28, p<0.01), despite the fact that subjects consumed a breakfast
at 7.3Oh. On the gorging pattern however, there was a marked fluctuation in the
nature of substrate being oxidized. Here, during the preprandial period (i.e. from
6.OOh-12.OOh) energy was mostly derived from fat oxidation (58 ± 4 %), and
throughout the day less fat and more carbohydrate was being oxidized (6.00h-
12.00h vs. 12.OOh-18.OOh: F-value: 5.86, p<().01; 6.(K)h - 12.(H)h vs. IS.OOh-
24.00h: F-value: 13.27, p< 0.001). During the night the contribution of protein to
total EE is becoming more important in the gorging pattern (24.(M)h-6.(X)h vs.
6.OOh-12.OOh: F-value: 3.83, p<0.05; 24.00h-6.O0h vs. 12.OOh-18.OOh: F-value:
5.19, p<0.01); oxidation of fat and carbohydrate is increasing and decreasing
respectively, to reach preprandial values. Comparison of substrate oxidation
values between patients with cirrhosis and healthy controls was not justified,
because the patients with cirrhosis consumed relatively less protein and more
carbohydrate than the controls.

Mean intake, oxidation and balance (=intakc-oxidatiori) of protein, lat and

carbohydrate over 24 b on the gorging and nibbling pattern. Data arc expressed in g/d.

Protein intake

Protein oxidation

Protein balance

Fat intake

Fat oxidation

Fat balance

Carbohydrate intake

Carbohydrate oxidation

CartwJiydraie balance

Gorging pattern

59.8 ± 3.5
58.9 ± 5.2
+0.9 ± 2.8

81.6 ±4.7

107.0 ± 13.0
-25.4 ± 13.2

242.1 ± 12.8
219.9 ± 12.8
+22.2 ±4.6**

Nibbling pattern

61.1 ± 3.2
60.4 ± 5.5
+0.7 ± 2.9

83.1 ±4.3
101.4 ± 10.8

-18.3 ± 9.3

246.1 ± 11.7
228.6 ± 14.0
+17.5 ± 16.7

Significantly different from zero (jxO.01).
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6-12 12-18 18-24 24-6

Time interval (h)

B

6-12 12-18 18-24 24-6

Time interval (h)

Carbohydrate
Fat
Protein

FIK. 6. J Contribution of protein, fat and carbohydrate oxidation (% of energy expenditure)

over 6 b intervals for patients with liver cirrhosis on a gorging (A) and nibbling (B) pattern
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Discussion

One of the aims of this study was to investigate whether energy metabolism in
patients with liver cirrhosis is different from healthy controls. Conflicting data are
available concerning resting energy expenditure in patients with cirrhosis.
Focusing on measurements of the RMR in patients with cirrhosis as compared to
healthy controls, no difference in RMR was observed by several investigators
when RMR was expressed in absolute values, as a function of total body surface
area or per kg BM (2-7). Relating RMR to urinary creatinine excretion as an
estimate of lean body mass. RMR was increased in cirrhotic patients compared to
controls (2-4). RMR per kg FFM was found to be not different between cirrhotic
patients and controls in one study where FFM was assessed by skinfold thickness
(7); others found RMR/kg FFM to be significantly higher in patients with cirrhosis
when assessing FFM by bioelcctrical impedance (4).

In the present study we observed a significantly increased SMR per kg BM
or FFM in patients with cirrhosis (Table 6.2). Because 24 h EE was similar in
patients and controls, this implicates that energy expenditure during the active
hours of the day was decreased. This could either he due to a diminished level of
physical activity of the patients or it could be due to lowering of the energy costs
of processing food, i.e. the diet induced thermogenesis. Recently, Campillo et al
(24) described a delayed and blunted increment of EE after a meal in patients with
cirrhosis.

Concerning the influence of the pattern of food intake on substrate
metabolism, a gorging pattern of intake is associated with a greater fluctuation of
the RQ for both, patients with cirrhosis and controls. During the period of rising in
the morning, RQ in cirrhotic patients is similar to nocturnal RQ values, in contrast
to the control subjects where RQ tended to increase after rising. This tendency
towards an increased RQ observed from 6.(K)h-9.(X)h in controls is explained by
an increase in carbohydrate utilization due to muscle glycogen oxidation during the
arousal process (25). In cirrhotic patients, the time needed to develop the cataholic
state of starvation is much shorter than in healthy controls, due to diminished
glycogen stores of the liver (5,26). Even after a late evening meal containing 20
per cent of the total El and an overnight fast of 9 hours, as in the nibbling pattern,
glycogen stores are depleted to an extent that a rise in RQ during the arousal
process is not observed. Another important finding in cirrhotic patients was the
fact that nocturnal RQ values and RQ values at rising were similar on both feeding
patterns, although the first response to a late evening meal was a rise in RQ
(24.00h-3.00h) reflecting a temporary higher oxidation ratio of carbohydrate to
fat. Because of the reduced glycogen stores in the liver of cirrhotic patients, energy
must be derived from other substrate sources (i.e. protein or fat) when fasting is
proceeding. Swart et al. (27) studying protein turnover in patients with cirrhosis,
suggested an early onset of gluconeogenesis from amino acids at night, resulting
in extra amino acid loss and hence a depletion of tissue protein stores. Our data
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confirm Owen's findings that after an overnight fast of 10-12 h, energy is mostly
derived from fat (5).

Concerning 24 h oxidation of protein, fat and carbohydrate, no significant
effects of the pattern of food intake were observed. On the gorging pattern
carbohydrate oxidation was significantly lower than carbohydrate intake, resulting
in a positive carbohydrate balance (Table 6.3). We hypothesize that patients with
liver cirrhosis have some difficulty in the handling of two large meals, each
containing 50 % of the total El. Probably not all of the carbohydrate ingested was
oxidized and because of the limited glycogen storage in the liver, there remains a
certain amount of carbohydrate that is not used nor stored. Therefore, to meet
energetic requirements fat oxidation is increased in patients with cirrhosis,
resulting in a negative fat balance.

Dividing the day in 6 hour intervals to investigate the diurnal variation in
substrate oxidation, revealed a marked fluctuation in the nature and amount of
substrate oxidized on the gorging pattern (Fig. 6.3A). Nocturnal protein oxidation
(24.(K)h-6.(K)h) was significantly increased when compared to the morning
episode (6.(X)h-12.(X)h; p<0.05) and the afternoon (12.OOh-18.OOh; p<0.01). In
the nibbling pattern there was no significant change in protein oxidation
throughout the day. These findings support the hypothesis of Swart et al. (27)
that, due to the small and inadequate glycogen stores in the liver of cirrhotic
patients, gluconeogenesis from amino acids will take place during overnight
lasting. A nibbling pattern of food intake including a late evening meal therefore
reduces nocturnal amino acid breakdown and hence improves nitrogen balance
(16).

During the period from 6.(H)h-12.(K)h, the contribution of fat oxidation to
total EE in cirrhotic patients was 58 % in the gorging pattern and as high as 50 %
in the nibbling pattern where the patients consumed a breakfast of 20 % of daily El
at 7.3Oh. This would implicate that even after a short-term fast of 9 hours fat is
used as an alternative fuel for glucose, which cannot be provided in sufficient
amounts due to the depleted glycogen stores in the liver. These results are in
accordance wilh the conclusions of other studies on substrate metabolism in
cirrhotic palienLs, revealing that the period to reach a catabolic state (in which most
of the energy is derived from fat) is much shorter in patients with cirrhosis of the
liver (3.5.28).

Therefore, our data suggest that patients with liver cirrhosis should eat
according to a nibbling pattern. A late evening meal and especially a good
breakfast shorten the episodes of catabolism occurring during the night and in the
morning, improving energy and substrate balances in patients with liver cirrhosis.
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Chapter 7

Substrate utilization in man: Effects of dietary fat and
carbohydrate

W.P.H.G. Verboeket-van de Venne. KR. Westerterp and F. ten Hoor

Department of Human Biology. University of Limburg, P.O. Box 616. 6200 MD
Maastricht, The Netherlands

Abstract

There is evidence that man has a limited ability to oxidize fat compared to the
capacity to oxidize carbohydrate and protein. The short term (3 d) effects of a low-
fat, mixed, and high-fat diet on human substrate balance were studied using a
respiration chamber. Subjects were 14 young female students classified as
restrained or unrestrained eaters. Subjects were in energy balance, i.e. the mean
difference between energy intake and energy expenditure was 63 ± 84 kJ/d. The
fat content of the food significantly influenced 24 h respiratory quotient (RQ) and
non-protein respiratory quotient (NPRQ) on all three diets. For both low-fat and
mixed diet, 24 h RQ was significantly lower than the food quotient (FQ), while
RQ on the high-fat diet was not different from FQ, indicating that substrate
oxidation is closer to substrate intake at diets higher in fat content. Oxidation of fat
and carbohydrate significantly increased with, respectively, an increasing fat and
carbohydrate content of the diet, for both restrained and unrestrained eating
subjects. Restrained eating subjects showed a reduced fat oxidation compared to
unrestrained eaters in response to a high-fat diet, resulting in a positive fat balance
for restrained eating subjects. On a low-fat diet fat balance was negative for both
groups of subjects, indicating mobilization of energy from endogenous body fat
stores. In conclusion, restrained eating subjects have more difficulty in the
handling of a high-fat diet, explaining their higher susceptibility to become obese.
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Introduction

Maintaining a stable body weight requires that over time, energy intake equals
energy expenditure and also that intakes of protein, fat and carbohydrate equal the
oxidation of each substrate (1-2). In conditions of energy or substrate imbalance,
changes occur in the body stores and hence body weight and body composition. A
high dietary fat intake is often associated with an increasing prevalence of obesity
(3-5). There arc several mechanisms for this association. Firstly, a high-fat diet
leads to an increase of energy intake (5-7), or a lowering of energy expenditure (8-
9). Secondly, the body fails to adjust fat oxidation in response to excess fat intake
(1-2).

Another aspect that has to be considered in the processes leading to obesity is
a metabolic difference between individuals in the handling of dietary fat. Studies in
post-obese subjects have suggested that reduced fat oxidation may be related to
subsequent body weight gain (9-10). Thomas et al. (11) reported that lean subjects
have a greater ability to increase fat oxidation in response to a high-fat diet than do
obese subjects. This could result in a smaller increase of body fat in lean as
compared to obese subjects, when both consume a high-fat diet.

A primary purpose of the present study was to investigate the effect of an
isoencrgctic exchange of fat and carbohydrate on substrate metabolism, i.e.
oxidation and overall balance of protein, fat and carbohydrate. A second aim was
to determine metabolic responses to dietary fat and carbohydrate of subjects being
more or less susceptible to become obese. By means of the scores on
psychometric questionnaires, a distinction was made in the relevant subject
characteristics between a restrained or unrestrained attitude towards eating.

Subjects and methods

Fourteen healthy young female subjects participated in the study. Their physical
characteristics are presented in Table 7.1. The procedures to be used in the study
were carefully explained to each subject before she gave her consent to participate.

Characterization of restrained and unrestrained eating subjects was done by means
of the scores on psychometric questionnaires. Two types of psychometric
questionnaires were used: the Hcrman-Polivy (H-P) restraint scale (12) which is
designed to identify dieters and is mainly weight-concerned (13), and the Three
Factor Eating Questionnaire (TFEQ) of Stunkard and Messick (14) which is
designed to measure successful dieting and is mainly food-concerned (13). The
TFEQ was used to discriminate between 'cognitive restraint' and unrestraint,
concerning the scores on the cognitive restraint factor F j . In our subject
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population, the median of the H-P scores was 15 and of the F] scores 9 (13,15-
16). Subjects were classified as restrained eaters when the H-P score > 15 oj; F]
score > 9; unrestrained eating subjects had a H-P score S 15 and Fj score 5 9.
From the seven subjects in the present study classified as restrained eaters, one
subject was restrained by being food-concerned, four subjects by being weight-
concerned, and two subjects by being food- and weight-concerned.

7./ Physical characteristics of the subjects ami order of treatment (1J-: low-fat did: M:

mixed diet HF: high-fat diet).

Subject

1
2

3
4

5
6
7

8
9
10
11
12

13
14

Age

(*)

20
20
21

21
21
21
19

20
22
19

19
24

20
20

Height

(m)

1.75

1.73

.71

.60

1.73

1.75

1.61

.71

1.71

1.71

.70
1.76

1.63

.69

Weight

(kg)

65.5

71.1

64.5

59.5

67.2

67.7

71.3

80.1

68.4

69.7

57.7

62.6

61.9

65.7

Attitude towanis

eating

Restrained

Restrained

Restrained

Restrained

Restrained

Restrained

Restrained

Unrestrained

Unrestrained

Unrestrained

Unrestrained

Unrestrained

Unrestrained

Unrestrained

Onlerof

treatment

I.I-HF-M

LF-HF-M

U--HF-M

H l - U - M

HF-IJ--M

IJMIF-M

LF-HF

IJMIF-M

HF-I.F-M

HF-I.F-M

LF-HF-M

I.F-HI-M

HF-I.F-M

HF-I.F

Subjects were fed to an estimated energy balance consuming a low-fat and a high-
fat diet over 3-day intervals. The order of administration of low-fat and high-fat
diet was randomized. Twelve subjects additionally consumed a mixed diet. The
interval between two experimental periods was at least 4 days. The first two days
on each dietary regimen food was provided and consumed at home, the last 36
hours of each period were spent in a respiration chamber. In this chamber oxygen
consumption, carbon dioxide production, and hence respiratory quotient (RQ) and
energy expenditure (EE), were the main measurements (see below). Urine samples
were collected to determine nitrogen excretion and hence calculate substrate
oxidation. Energy intake for the maintenance of energy balance was based on the

87



calculated basal metabolic rate (17) of the subjects multiplied by 1.76 on days 1
and 2(18); energy intake on day 3 while being in the respiration chamber equalled
1.29xBMR(19).

The diets were taken as 4 meals daily: a breakfast at 8.00h containing 20 per cent
of the daily energy intake, a lunch at 13.00h (25 energy %), a dinner at 18.00h (45
energy %) and an evening snack at 20.30h (10 energy %). The daily energy intake
was the same for the three diets (= 8.0 MJ/d). The low-fat (LF) diet provided 15
energy % protein, 10 energy % fat and 75 energy % carbohydrate; the mixed (M)
diet 15 energy % protein, 30 energy % fat and 55 energy % carbohydrate; and the
high-fat (HF) diet 15 energy % protein, 50 energy % fat and 35 energy %
carbohydrate. Metabolizable energy intake and macronutrient composition of the
diets were calculated using the Dutch food composition table (20). This table gives
figures for the protein, fat and carbohydrate content of each food as determined by
chemical analysis primarily; the energy value of the food is calculated by
multiplying these figures by the Atwater factors. Since the heat of combustion of
the different proteins, fats and carbohydrates can vary, calculated metabolizable
energy intake may differ from true metabolizable energy intake. However, dietary
fibre content was 18.0. 27.6 and 19.4 g/d respectively, for the LF-, M- and HF-
diel, implicating that digestibility of the three diets was fairly comparable. The
food quotient (FQ) as defined by Flatt (21) was 0.936, 0.878 and 0.820
respectively, for the LF-, M- and HF-diet.

Body mass
Subjects weighed theirselves (without clothing) in the morning of day 1, 3 and 4
upon rising, after voiding and before any food/drink consumption, on a digital
balance (Seca delta, model 707) accurate to 0.1 kg.

Respiration chamber measurements
Oxygen consumption and carbon dioxide production were measured in a
respiration chamber (22). This chamber measures 14 m^ and is furnished with a
bed, chair, table, TV, radio, telephone, wash-bowl and toilet facilities. The
chamber is ventilated with fresh air at 50 1/min. The ventilation rate was measured
with a dry gasmeter (Schlumberger, type G6). The concentration of oxygen and
carbon dioxide was measured using a paramagnetic O2 analyser (Servomex, type
O A 184) and an infrared C(>> analyser (Hartman & Braun. type URAS 3G).
Ingoing air was analysed once every 15 min and outgoing air once every 5 min.
The gas sample to be measured was selected by a computer which also stored and
processed the data. Respiratory quotient (RQ) and energy expenditure (EE) (23)
were calculated from Oj consumption and COj production. The physical activity
of the subjects was monitored by means of a radar system, based on the Doppler
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principle. During daytime subjects were allowed to move freely, to sit, lie down,
study, telephone, listen to the radio and watch television, only sleeping and
strenuous exercise were not allowed.

Urinary nitrogen excretion
24 h Urine was collected on day 3 of each dietary period, while subjects were
staying in the respiration chamber. Samples were collected in containers with 8 ml
H2SO4 to prevent nitrogen loss through evaporation; volume and nitrogen
concentration were measured subsequently, the latter using a Hcraeus analyser
(type CHN-O-Rapid).

Overall substrate oxidation was calculated by measuring oxygen consumption,
carbon dioxide production and urinary nitrogen excretion (24). The amount of
protein oxidized was estimated from the urinary nitrogen excretion, since most
urinary nitrogen (> 80 %) is in the form of urea, 1 g urinary nitrogen arising from
approximately 6.25 g protein. Thus, oxidation of protein, fat and carbohydrate
was calculated by the following equations:

Protein oxidation (g/d) = N x 6.25
Fat oxidation (g/d) = (1.689 x VCty - (1.689 x VCCty - (0.324 x prol.)
Carbohydrate oxidation (g/d) = (4.113 x VCO2) - (2.907 x VCty - (0.375 x prot.)

where N is the total nitrogen excreted in urine (g/d)
VO2 is the oxygen consumption (liter/d)
VCO2 is the carbon dioxide production (liter/d)
prot. is the protein oxidation (g/d)

24 h RQ and EE were calculated from 7.3Oh to 7.3Oh. Urinary nitrogen excretion
was determined for the same interval, to allow calculation of the non-protein
respiratory quotient (NPRQ). The effects of diet composition on RQ, NPRQ,
substrate oxidation and substrate balance (intake minus oxidation) were analysed
by repeated measures analysis of variance (ANOVA) and Scheffé F-tesLs or paired
t-tests. Using a two-factor ANOVA (unbalanced model) with the grouping factors
'attitude towards eating' (restrained or unrestrained) and 'second treatment' (low-
fat or high-fat diet), we revealed that there was no significant effect of one of these
factors on the 24 h RQ of the third treatment which was always the mixed diet
('attitude towards eating' x 'second treatment' interaction: df 1. F-valuc: 0.38,
p>0.1). Correlation analysis was done with the Pearson correlation coefficient.
Changes between the groups of restrained and unrestrained eating subjects were
tested using unpaired t-tests. In the text, tables and figures data arc presented as
the mean and standard error of the mean (SE).

89



C/wpfer 7

Results

Energy èo/a/ice
Garrow (25) stated that an adult is in energy balance when the difference between
energy intake (El) and energy expenditure (EE) is less than 600 kJ per day.
Energy balance was determined by subtracting EE from EI. EI-EE was near zero
on all three diets, averaging +63 ± 84 kJ/d (range -1588 to +863 kJ/d).

Body mass showed a slight increase (0.2 ± 0.1 kg) over the two days in free
living conditions on all three diets. During the subsequent day in the respiration
chamber body weight decreased (0.5 ± 0.1 kg). There were no significant
differences in changes of body mass due to the composition of the diet. Over the
3-day intervals body mass changes were not significantly different from zero.

0.75
Low-fat Mixed High-fat

Fig. 7. / Mean respiratory quotient (RQ) and food quotient (PQ) over 24 h under different

feeding conditions (n»12). Statistical significance between RQ and PQ: ns no significance. ***

jxO.001.

/?M/wraJorv tf/u/ mw-pwff in rM/wrafory
There was a highly significant effect of diet composition on RQ (repeated
measures ANOVA, df 2. F-value: 144.41. p<0.001). RQ was significantly lower
than FQ at a LF-diet (df 11. paired t-value: 5.95, p<0.001) and M-dict (df 11,
paired t-value: 4.50, p<0.001), while RQ was not different from FQ at a HF-diet
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(df 11. paired t-value: 0.76, p>0.1) (Fig. 7.1). The respiratory data for restrained
and unrestrained eating subjects are presented in Table 7.2. RQ and NPRQ were
significantly lower for unrestrained eating subjects on the high-fat diet. No
statistically significant differences in RQ and NPRQ between restrained and
unrestrained eating subjects were observed on the low-fat and mixed diet.

7.2 Average daily (24 b) respiratory quotient (RQ), non-protein respiratory quotient
(NPRQ) and food quotient (PQ) for restrained (n-7) and unrestrained eating subjects (n-7) on the
three diets.

RESTRAINED EATING SUBJECTS
Low-fat Mixed* High-fat

Mean SE Mean SE Mean SI:

24bRQ
24 h NPRQ
24 h FQ

0.908
0.929
0.936

0.003
0.003
0.000

0.860
0.872
0.879

0.008
0.010
0.000

0 829 «
0.835 '
0.820

0004
0.005
0.000

UNRESTRAINIX) EATING SUBJECTS
Low-fat Mixed* High-fat

Mean SE Mean SE Mean SE

24hRQ
24 h NPRQ
24hFQ

0.898
0.913
0.936

0.009

0.011
0.000

0.857
0.868
0.878

0.005
0.006
0.000

0 . 8 1 6 "
0 . 8 1 8 *
0.820

0.004
0.004
O.(KK)

n=<S

24 b RQ; restrained vs. unrestrained eaters: df 12, unpaired t-value: 2.60, p<0.05
24 h NPRQ: restrained vs. unrestrained eaters: df 12, unpaired l-value: 2.69, p<0.05

Mean intake, oxidation and balance (i.e. intake-oxidation) of protein, fat and
carbohydrate on the LF-, M- and HF-diet are presented in Fig. 7.2. There was no
significant effect of diet composition on protein oxidation. Protein balance was
near zero for both M-diet (-0.5 ± 2.1 g/d) and HF-diet (-0.8 ± 1.9 g/d). and was
significantly different from protein balance at a LF-dict (+7.2 ± 2.7 g/d; repeated
measures ANOVA, df 2, F-valuc: 5.19, p<0.05). Fat oxidation increased signifi-
cantly with an increasing dietary fat content (repeated measures ANOVA, df 2, F-
value: 92.30, p<0.001). The difference between fat intake and oxidation was
smallest on the HF-diet (+3.9 ± 4.4 g/d vs. -26.2 ± 4.5 g/d on the LF-dict and -
14.0 ± 4.6 g/d on the M-diet; repeated measures ANOVA, df 2. F-value: 24.72,
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Low-fat

Intake
Oxidation
Balance

Mixed High-fat

S

Low-fat Mixed High-fat

400

Low-fat Mixed High-fat

fS | . 7.2 Mean intake, oxidation and balance of protein, fat and carbohydrate over 24 h under

different feeding conditions (n=12) Statistical signincance comparing substrate balance on the M-

and lll'-dict lo the U'-diet: as no significance, • p<0.05. • • p<0.01. • • • p<0.001.
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rxO.001). Oxidation of carbohydrate decreased significantly with an increasing
dietary fat content (repeated measures ANOVA. df 2, F-value: 190.39. p<O.(X)l).
Carbohydrate balance was positive on all three diets, and highest on the LF-dict
(+44.3 ± 9.0 g/d vs. +0.2 ± 4.2 g/d on the HF-diel and +35.7 ± 6.1 g/d on the
M-diet; repeated measures ANOVA, df 2, F-value: 18.15. p<0.001).

7.5 Protein intake, oxidation and balance (intake-oxidation) for restrained (n»7) and

unrestrained eating subjects (n=7) on the three diets. Data are expressed in g/d.

RESTRAINED EATING SUBJECTS

Low-fat Mixed* High-fat

Mean SE Mean SE Mean Sli

Protein intake

Protein oxidation

Protein balance

73.2

7 1 . 1 '

2.1 «

0.0
1.7
1.7

67.9

70.8

-2.9

0.0
1.6
1.6

70.9

74.2

-3.3

0.0

1.6
1.6

U N R E S T R A I N E D EATING SUBJECTS

Low-fat Mixed Hifth

Mean SE Mean SE Mean

Protein intake

Protein oxidation

Protein balance

74.3

61.7 *

12.6 *

1.1
3.9
3.5

69.4

67.6

1.8

1.5
4.0
3.9

71.8

69.6

2.2

0.9
4.2
3.6

* n=6

1 Protein oxidation; restrained vs. unrestrained eaters: df 12, unpaired (-value: 2.20. rxO.05

§ Protein balance; restrained vs. unrestrained caters: df 12, unpaired I-value: 2.68, p<0.05

Protein oxidation was significantly lower for unrestrained eating subjects on the
LF-diet, resulting in a more positive protein balance compared to restrained eating
subjects (Table 7.3). Unrestrained eating subjects had a significantly increased rale
of fat oxidation while on the HF-diet (Table 7.4). Therefore, with an equivalent fat
intake, fat balance was positive for restrained eating subjects and negative for
unrestrained eating subjects (p=O.052). There were no significant differences
between restrained and unrestrained eating subjects, with respect to oxidation and
overall balance of carbohydrate, nor on the LF- nor on the M- or HF-dict (Table
7.5).
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7ai»/e 7.4 Fat intake, oxidation and balance (intake-oxidation) for restrained (n=7) and
unrestrained eating subjects (n=7) on the three diets. Data are expressed in g/d. • - '

RESTRAINED EATING SUBJECTS
Low-fat Mixed* High-fat

Mean SE Mean SE Mean SE

Fat intake
Fat oxidation
Fat balance

20.8
41.7
-20.9

0.0
2.8
2.8

62.6
73.2

-10.6

0.0
6.8

6.8

106.0
94.7'

11.3 §

0.0
5.5
5.5

UNRESTRAINED EATING SUBJECTS
Low-fat Mixed* High-fat

Mean SE Mean SE Mean SE

Fat intake
Fat oxidation
lal balance

21.2
54.1

-32.9

0.4
7.1
7.0

64.1
81.4

-17.3

1.5
5.9
6.5

108.0

-3.2 §

2.0
3.1
3.9

n-6
I al oxidation; restrained vs. unrestrained caters: df 12, unpaired t-value: 2.64, fx0.05

lat balance; restrained vs. unrestrained caters: df 12, unpaired 1-value: 2.16, p>0.05
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7.5 Carbohydrate intake, oxidation and balance (iniakc-oxkiaüon) for restrained (n-7) and

unrestrained eating subjects (n=7) on the three diets. Data are expressed in g/d.

RESTRAINED EATING SUBJECTS

Low-fat Mixed* High-tut

Men SE Mean SE Mean Si-

Carbohydrate intake

Carbohydrate oxidation

Carbohydrate balance

360.7

318.7

42.0

0.0

6.9

6.9

266.0

227.4

38.6

0.0

11.3

11.3

170.6

176.7

-6.1

0.0

3.1

3.1

UNRESTRAINED EATING SUBJECTS

Low-fat Mixed High-fat

Mean SE Mean SE Mean SI-

Carbohydrate intake

Carbohydrate oxidation

Carbohydrate balance

366.4

310.1

56.3

5.7
15.1

16.5

271.7

238.8

32.9

5.7
4.9

5.6

174.1

166.3

7.8

3.5

6.0

6.2

n=6

The effect of dietary fat and carbohydrate on substrate balance for restrained and
unrestrained eating subjects is summarized in Table 7.6. For unrestrained eating
subjects protein balance was significantly more positive on the LF-diet (compared
to the HF-diet), whereas diet composition had no effect on protein balance in
restrained eating subjects. Fat balance was significantly more negative and
carbohydrate balance more positive on the LF-diet, for both restrained and
unrestrained eating subjects.

Energy balance was positively correlated with fat balance (Pearson's r=0.68,
p<0.001) (Fig. 7.3). There was no relationship between energy balance and
protein or carbohydrate balance (data not shown).
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2.1
-20.9

42.0

1
§

1.7
2.8
6.9

-3.3

11.3

-6.1

1
§

1.6
5.5
3.1

12.6*

-32.9 *

56 .3*

3.5
7.0

16.5

2 .2*

-3 .2*

7 .8*

3.6
3.9
6.2

7.ó Substrate balance (intake-oxidation) for restrained (n=7) and unrestrained eating

subjects (n=7) on the low-fat and high-fat diet. Data are expressed in g/d.

RESTRAINED EATING SUBJECTS

Low-fat High-fat

Mean SE Mean SE

Protein balance

Fat balance

Carbohydrate balance

U N R E S T R A I N E D EATING SUBJECTS

Low-fat High-fat

Mean SE Mean SE

Protein balance

Fat balance

Carbohydrate balance

1 Restrained eating subjects; fal balance: df 6, paired (-value: 6.51. p<0.001

g Restrained caiing subjects; carbohydrate balance: df 6, paired t-valuc: 6.70. rxO.001

* 1 Inrestrained eating subjects; protein balance: df 6. paired t-value: 3.59, p<0.05

# Unrestrained eating subjects; fal balance: df 6, paired t-value: 3.72, p<0.01

$ I ̂ restrained eating subjects; carbohydrate balance: df 6, paired t-value: 3.80, p<0.01

Discussion

In the present study we investigated the relationship between substrate intake and
substrate oxidation under different feeding conditions, by comparing the 24 h RQ
reflecting the fuel mixture oxidized, with the mean FQ based on the nutrient
composition of the diet. In conditions of energy or substrate imbalance, a normal
weight subject stores or mobilizes, in the long term, nearly all energy in the form
of body fat. Therefore, a RQ > FQ indicates conversion of carbohydrate or protein
to body fat and a RQ < FQ mobilization of energy from body fat stores. In this
study, we observed a highly significant effect of diet composition on RQ, with the
lowest value on the HF-diet and the highest on the LF-diet (Fig. 7.1). The
difference between RQ and FQ was smallest on the HF-diet (RQ-FQ = +0.003 ±
0.003 vs. -0.031 ± 0.005 on the LF-diet; repeated measures ANOVA, df 2. F-
value: 24.86, p<0.001), reflecting a closer regulation of subslratc oxidation to
substrate intake. Other studies investigating the relationship between dietary fat
and carbohydrate and substrate utilization also report a greater deficit between RQ
and FQ when a low-fat (high-carbohydrate) diet is consumed (8-9,26-27).
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There are two possible reasons for this finding. First, the experimental HF-diet as
used in the present study is closer to the subject's habitual diet Note that a dietary
fat content of 40 energy % is more or less 'normal' in Western societies!
Furthermore, the overall energy balance can influence whether the body stores
excess fuels in the form of body fat, or mobilizes energy from body fat. In the
present study we observed a difference of less than 6(X) kJ/d between El and EE,
indicating that subjects were in energy balance during the third day of the study.
Energy balance was not significantly different on the three diets (EI-EE(LI0: -42 ±
155 kJ/d; EI-EE(M): +72 ± 155 kJ/d; EI-EE(HF): +162 ±131 kJ/d).

When the relevant subject characteristics with respect to a restrained or
unrestrained attitude towards eating were taken into account, RQ and NPRQ were
significantly decreased in unrestrained eating subjects on a HF-dict (compared to
restrained eating subjects). This suggests a relative higher ratio of fat to
carbohydrate oxidation for unrestrained caters, at least on a HF-dict. Zurlo et al.
(28) associated a low ratio of fat to carbohydrate oxidation with a higher risk of
subsequent body weight gain, independent of a low energy expenditure.

The results on intake, oxidation and overall balance of protein, fat and
carbohydrate (Fig. 7.2) also revealed that substrate oxidation is closer to substrate
intake on a HF-diet, indicated by the size of the substrate balances. Alternatively, a
LF-diet results in a stronger negative fat balance, reflecting a greater fat oxidation
than intake. This suggests that subjects mobilize energy from their body fat
reserves more easily on a LF- than HF-diet, implicating a LF-diet as a useful tool
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in the treatment of obesity. Carbohydrate balances were positive on all three diets.
The lower RQ and NPRQ in unrestrained eating subjects on a HF-diet, as
described above, could be explained by a significant increase of fat oxidation
combined with the tendency to a decrease in carbohydrate oxidation compared to
restrained eating subjects (Tables 7.3-7.5). These findings are in agreement with
the results of Hill et al. (29), stating that obesity-susceptible individuals have a
limited ability to rapidly adjust fat oxidation in response to a high-fat intake.
Subjects who have less problems in maintaining their body weight, as the
unrestrained eating subject in the present study, probably have a greater ability to
adjust oxidation to excess fat intake. Concerning the regulation of protein balance,
we observed a lower oxidation of protein and hence a more positive protein
balance in unrestrained eating subjects on a LF-diet. We have no explanation for
this unexpected finding and further studies will be necessary to elucidate these
results.

Considering the effect of dietary fat and carbohydrate on substrate balances
within the groups of restrained and unrestrained eating subjects, both fat and
carbohydrate balance were more closely regulated while on a HF-diet compared to
a LF-diet (Table 7.6). Fat balance is (more) negative on a LF-diet compared to a
HF-diet, reflecting more mobilization of endogenous fat stores. Therefore, a LF-
diet has favorable effects in both treatment and prevention of obesity. The effect of
diet composition on fat balance is especially beneficial for obese-susceptible or
latent obese subjects (the restrained eating subjects in the present study), because
fat balance was negative on a LF-diet and positive on a HF-diet.

Correlation analysis between energy balance and substrate balances, revealed
that only fat balance showed a significant relationship with total energy balance.
Abbolt et al. (30) described very similar results for both men and women. They
stated that fat, rather than protein or carbohydrate, is mobilized or stored in
response to day-to-day fluctuations in energy balance.
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Chapter 8

Effects of dietary fat and carbohydrate exchange on
human energy metabolism

W.P.H.G. Verboeket-van de Venne and K.R. Westerterp

Department of Human Biology. University of Limburg, P.O. Box 616. 6200 MD
Maastricht. The Netherlands

Abstract

The short term (3 d) effects of a low-fat, mixed, and high-fat diet on 24 h EE,
SMR, DIT and energy expenditure for physical activity (ACT) were studied using
a respiration chamber. Subjects were 16 female students classified as restrained or
unrestrained eaters. 24 h EE and its compartments were not significantly different
between the restrained and unrestrained eating subjects. Within the group of
restrained eating subjects, 24 h EE was decreased (p=0.016) during the mixed and
high-fat diet, compared to the low-fat diet. Diet composition had no effect on 24 h
EE in the unrestrained eating subjects. Summarizing the results, no significant
differences were obtained with respect to 24 h EE, SMR, DIT or ACT between
restrained and unrestrained eating subjects. Concerning the effect of diet
composition within each group of subjects. 24 h EE was significantly decreased
for restrained eating subjects on a mixed diet and tended to be decreased on a high-
fat diet.

Introduction

High-fat diets have been associated with obesity in humans (1-3). Because obesity
results from a positive energy balance, i.e. energy intake exceeding energy
expenditure, two possible mechanisms are involved. Firstly, a high-fat intake
could result in an increase of energy intake (3-5). The second possibility is that
high-fat diets lower energy expenditure, which in turn has been shown to be a risk

101



factor for weight gain (6). Studies examining the effect of isoenergetic exchange of
fat and carbohydrate reported no change in 24 h energy expenditure (24 h EE) due
to the composition of the diet (7-8), or a decreased 24 h EE in post-obese subjects
on a high-fat diet (9).

Considering the influence of diet composition on the separate compartments
of energy metabolism, results are not consistent. Sleeping metabolic rate (SMR)
was significantly decreased on a high-fat diet compared to a low-fat diet for normal
weight subjects (7), or was not affected at all (8-9). There was no significant effect
of diet composition on the resting metabolic rate (RMR) (7-8,10). According to
Flatt (11), dietary fat storage is at a cost of 3 per cent of ingested energy, whereas
the cost of storing dietary carbohydrate as fat requires the expenditure of 23 per
cent of ingested energy. Furthermore, variations in the thermogenic response were
reported with respect to the composition of the diet. A lower thermogenic response
to fat than to carbohydrates was described for both normal weight and obese
subjects (12) and post-obese subjects (9). Thus, the contribution of the diet
induced thermogencsis (DIT) to energy metabolism is expected to be lower on a
high-fat diet. However, Abbott ct al. (8) reported no differences in DIT due to diet
composition for both diabetic and non-diabetic subjects. Energy expenditure due to
the physical activity of the subject (ACT) was not affected by the diet composition
cither (8).

Another aspect that has to be considered in the processes leading to obesity is
the between-subject variation in the response to dietary fat. Nair et al. (13) found
no differences in the magnitude of the thermic response to isoenergetic protein,
carbohydrate or fat meals between groups of lean and obese subjects. Other
studies however, support the view that there is a defect in thermogenesis in
response to fat in obese subjects (14-15). Less is known about the metabolic
response to food stimuli of latent obese subjects. By means of the scores of
psychometric questionnaires a distinction can be made in the relevant subject
characteristics between a restrained or unrestrained attitude towards eating. Laessle
et al. and Tuschl et al. (16-17) reported less energy consumption and higher
preferences for low-calorie foods in restrained eating subjects compared to
unrestrained eaters, despite having a higher body mass index (BMI). Furthermore,
energy expenditure was lower in restrained eating subjects, reflecting diminished
caloric requirements.

In the present study, we investigated the effects of dietary fat and
carbohydrate exchange on human energy metabolism and its compartments
sleeping metabolic rate (SMR), diet induced thermogenesis (DIT) and energy
expenditure for physical activity (ACT). Furthermore, the relevant subject
characteristics were taken into account, in order to explain possible consequences
of diet composition for developing obesity.
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Subjects and methods

Sixteen healthy female students were selected for this investigation. Their physical
characteristics are presented in Table 8.1. The procedures to be used in the study
were carefully explained to each subject before she gave her consent to participate.

7aW* A 7 Physical characteristics and scores on the psycnomeiric questionnaires of the

subjects and order of treatment (LF: low-fat diet; M: mixed diet; 111-: high-fat diet).

Subject

1
2
3
4

5
6
7
8

9
10
11
12
13
14

IS
16

Age

(yr)

20
20
21
21
21
21
19
21

20
22
19
19
24

20
19

20

BMI
Ocg/m*)

21.4

23.8

22.1

22.1

23.2

22.5

27.5

22.1

27.4

23.4

23.8

20.0

20.2

23.3

19.4

23.0

Scores on the psycho-

metric questionnaires

h

u
7
11

IS
7
6
4
9

3
1
4

0
0
4

S
6

III»

13
18
17
19
17
17

20
19

6
12
11

10
7
6

7
13

OnJcrof

uviiuncm

LF-HF-M

LF-HF-M

LF-IIF-M

LF-HF-M

HF-LF-M

HF-U-M

LF-HF

HF-LF

LF-HF-M

HF-LF-M

HF-LF-M

LF-HF-M

LF-HF-M

HF-LF-M

HF-LF

HF-LF

toward!*
Restrained and unrestrained eating subjects were selected by means of the scores
on psychometric questionnaires. Two types of psychometric questionnaires were
used: the Herman-Polivy (H-P) restraint scale (18) which is designed to identify
dieters and is mainly weight-concerned (19), and the Three Factor Eating
Questionnaire (TFEQ) of Stunkard et al. (20) which is designed to measure
successful dieting and is mainly food-concerned (19). Using the Herman-Polivy
restraint scale, we can discriminate between being restrained or unrestrained
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eaters. Considering studies of Westerterp-Plantenga et al. (19,21-22), the median
of the Herman-Polivy scores in the subject population we use at the Department of
Human Biology, University of Limburg, Maastricht was 15. Thus, subjects with a
score > 15 were classified as restrained eaters and subjects with a score < 15 were
classified as unrestrained eaters. The TFEQ of Stunkard et al. (20) was used to
discriminate between 'cognitive restraint' and unrestraint, concerning the scores on
the cognitive restraint factor Fj. The median of the scores on Fj in our population
of subjects was 9 (19,21-22), implying that subjects with a Fj score > 9 were
classified as cognitive restraint, and a score < 9 as unrestraint. Overall, subjects
were classified as restrained eaters when the H-P score > 15 or Fj score > 9;
unrestrained eating subjects had a H-P score < 15 aM Fj score < 9. From the
eight subjects in the present study classified as restrained eaters, one subject was
restraint by being food-concerned, five subjects by being weight-concerned, and
two subjects by being food- and weight-concerned.

Subjects were fed to energy balance consuming a low-fat diet and a high-fat diet
over 3-day intervals. The order of administration of low-fat and high-fat diet was
randomized. Twelve subjects additionally consumed a mixed diet. The interval
between two experimental periods was at least 4 days. The first two days on each
dietary regimen the provided food was consumed at home, followed by the last
day of each period while the subjects stayed in a respiration chamber for ± 36
hours. In this chamber oxygen consumption, carbon dioxide production, and
hence energy expenditure, were the main measurements (see below). Energy
intake for the maintenance of energy balance was based on the calculated BMR
(23) of the subjects multiplied by 1.76 on days 1 and 2 (24); energy intake on day
3 while being in the respiration chamber equalled 1.29 x BMR (25).

DiW.v
All three diets were taken as 4 meals daily: a breakfast at 8.00h containing 20 per
cent of the daily energy intake, a lunch at 13.00h (25 energy %), a dinner at
18.00h (45 energy %) and an evening snack at 20.30h (10 energy <&). The daily
energy intake was the same for the three diets with a different macronutricnt
composition (» 8.0 MJ/d). The low-fat (LF) diet provided 73.2 g/d protein (« 15
energy %). 20.8 g/d fat (- 10 energy %), 360.7 g/d carbohydrate (= 75 energy %)
and 18.0 g/d dietary fibre; the mixed (M) diet 67.9 g/d protein (= 15 energy %),
62.6 g/d fat (- 30 energy %), 266.0 g/d carbohydrate (» 55 energy %) and 27.6
g/d dietary fibre; and the high-fat (HF) diet 70.9 g/d protein (» 15 energy %),
106.0 g/d fat (» 50 energy %). 170.6 g/d carbohydrate (= 35 energy %) and 19.4
g/d dietary fibre. Metabolizable energy intake and macronutrient composition of
the diets were calculated using the Dutch food composition table (26). The value of
the food quotient (FQ) as defined by Flatt (27) was 0.94, 0.88 and 0.82
respectively, for the LF-. M- and HF-diet
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Energy expenditure (24 h EE) was measured on the third day of each dietary
regimen using a respiration chamber. This measurement allowed to assess SMR
and DIT separately (see below) and calculate ACT (energy expenditure due to
physical activity in the respiration chamber) as 24 h EE minus SMR minus DIT.
Energy expenditure was calculated according to Weir (28) from Oi consumption
and CO2 production. The respiration chamber measures 14 m^ and is furnished
with a bed, chair, table, TV, radio, telephone, wash-bowl and toilet facilities (29).
The chamber is ventilated with fresh air at 50 1/min. The ventilation rate was
measured with a dry gasmeter (Schlumberger, type G6). The concentration of
oxygen and carbon dioxide was measured using a paramagnetic Oi analyser
(Servomex, type OA 184) and an infrared CO2 analyser (Hartman & Braun, type
URAS 3G). Ingoing air was analysed once every 15 min. and outgoing air once
every 5 min. The gas sample to be measured was selected by a computer which
also stored and processed the data. The physical activity of the subjects was
monitored by means of a radar system, based on the Doppler principle. In daytime
subjects were allowed to move freely, to sit, lie down, study, telephone, listen to
the radio and watch television, only sleeping and strenuous exercise were not
allowed.

24 h EE was calculated from 7.3Oh to 7.3Oh. SMR was measured from
3.00h to 6.00h, when subjects were asleep. The method used for determination of
DIT was previously described by Schutz et al. (30) and is based on simultaneous
measurements of both physical activity and energy expenditure of the subjects.
The individual relationship between the physical activity and energy expenditure
both averaged over 30 min. periods was plotted. Only the intervals after the first
meal until bedtime were used, i.e. from 8.00h to 23.(K)h. The intercept of the
regression line at zero activity represents the energy expenditure in the inactive
state (EEQ activity) consisting of two components: SMR and DIT. By subtracting
SMR from EEQ activity *^ obtained DIT, thus including the energy cost of arousal
(31). ACT was assessed by 24 h EE minus SMR minus DIT. Thus, the separate
compartments of energy metabolism are obtained by the following equations:

SMR = measured from 3.00h to 6.00h
DIT = EEQ activity-SMR
ACT = 24 h EE - SMR - DIT

Subjects weighed theirselves (without clothing) in the morning of day 1, 3 and 4
upon rising, after voiding and before any food/drink consumption, on a digital
balance (Seca delta, model 707) accurate to 0.1 kg.
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The effects of diet composition on 24 h EE, SMR, DIT and ACT were analysed by
repeated measures analysis of variance (ANOVA) and Scheffé F-tests or paired t-
tests. Using a two-factor ANOVA (unbalanced model) with the grouping factors
'attitude towards eating' (restrained or unrestrained) and 'second treatment' (low-
fat or high-fat diet), we revealed that there was no significant effect of one of these
factors on 24 h EE of the third treatment which was always the mixed diet
('attitude towards eating' x 'second treatment' interaction: df 1, F-value: 0.18,
p=().682). Changes between the groups of restrained and unrestrained eating
subjects were tested using unpaired t-tests. Correlation between physical activity
and energy expenditure was analysed using the Pearson correlation coefficient. In
the text, tables and figures data are presented as the mean and standard error of the
mean (SE).

Results

Over the 3-day intervals, provided energy intake (El) was based on the calculated
BMR of individual subjects. They were instructed to consume all food items and
returned any left overs. Mean El of the twelve subjects who consumed all three
diets is presented in Table 8.2. 24 h EE was not significantly different between
subjects on the LF-, M-, or HF-dict, although there was a trend (repeated
measures ANOVA, df 2, F-value: 3.40, p=O.O52) towards an decreased 24 h EE
at a M- and HF-diet. Comparing the results of LF- and M-diel, 24 h EE was
significantly decreased on the M-dict (df 11, paired t-value: 2.58, p=0.026).
Energy balance, i.e. El minus 24 h EE, was slightly negative on all three diets.
According to Garrow (32), adult subjects are in energy balance when the
difference between El and EE £ 600 kJ/d.

SMR, D1T and ACT for subjects on all three diets are presented in Table 8.3. The
method used for determination of DIT was based on simultaneous measurements
of both physical activity of the subjects and energy expenditure. Within
individuals, physical activity and energy expenditure were related significantly,
except for subject 3 on the LF- and HF-diet. Therefore. Table 8.3 represents data
of 11 subjects (5 restrained, 6 unrestrained eating subjects).

SMR, DIT and ACT were not significantly affected by the diet composition,
not expressed in kJ/min nor expressed as a percentage of 24 h EE. The
contribution of D1T to energy metabolism was highest on the LF-diet and lowest
on the HF-diet. but differences were not statistically significant.
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Mean energy intake (El), energy expenditure (24 b HE) and energy balance (KI-24 h

EE) for the twelve subjects on all three diets. Data of 1U and 24 h EE are expressed in MJ/d: data

of energy balance in MJ/d and as a percentage of 24 h EE.

H

24hEE

EJ-24 b EE

EI-24hEE(%)

Low-fat

MOB

8.1
8.7 SI

-0.6
-6.1

SE

0.1

0.2

0.2

1.8

Mixed

Mean

8.0
8.4 S

-0.4

-4.5

SE

0.1

0.1

0.2

1.8

High-fat
Mc.ui

8.1

8.5 1
-0.4

-4.4

SE

0.1

0.2

0.2

1.7

§ 24 b EE low-fat vs. mixed diet; df 11. paired t-value: 2.58. p*0.026

1 24 h EE low-fat vs. high-fat diet, df 11. paired lvalue: I 67. p-0.123 (NS)

Mean sleeping metabolic rate (SMK). diet induced thermogcnesis (DIT) and energy

expenditure due to physical activity (ACT) in the respiration chamber for eleven subjects on all

three diets. Data are expressed in Id/min and as a percentage of 24 h EE.

SMR (kJ/min)

DIT (kJ/min)

ACT (kJ/min)

SMR (%)

D1T(%)

ACT(%)

Low-fat
Mean

4.29

0.90 *

0.85

71.2
14.9 '

13.9

SE

0.10
0.11

0.14

0.9

1.9

2.2

Mixed
Mean

4.26

0.75

0.85

72.8

12.7

14.5

SE

0.10

0.15

0.14

1.3

2.5

2.4

High-fat

Mean

4.18

0.53 S

1.17

71.3
9 . 2 '

19.6

SE

0.09
0.19

0.23

1.4

3.1

3.5

§ DIT (kJ/min) low-fat vs. bigh-fal diet; df 10. paired lvalue: 1.82, p*0.098 (NS)

1 D1T(%) low-fat vs. high-fat diet; df 10. paired lvalue: 1.73. p=0.115 (NS)
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Table 8.4 presents mean 24 h EE, SMR, DIT and ACT for the restrained and
unrestrained eating subjects on the three diets. Mean 24 h EE was not significantly
different between the restrained and unrestrained eating subjects, not on the LF-
nor on the M- or HF-diet. There were also no significant differences for SMR,
DIT and ACT between restrained and unrestrained eating subjects.

Within the group of restrained eaters, 24 h EE was significantly lower
(repeated measures ANOVA, df 2, F-value: 6.45, p=0.016) on the M- and HF-
diet, compared to the LF-diet (Table 8.5). Comparing the results of one diet versus
another, 24 h EE on the M-diet was significantly lower (df 5, paired t-value: 4.78,
p=O.(K)5), and on the HF-diet tended to be lower (df 5, paired t-value: 2.50,
p=().()55) than on the LF-diet. Within the group of unrestrained eating subjects,
diet composition had no significant effect on 24 h EE (repeated measures ANOVA,
df 2, F-value: 0.38, p=0.694).

Mean 24 h EE, SMR, DIT and ACT for restrained (n=8) and unrestrained eating

subjects (n=8) on the three diets. Data of 24 h EE are expressed in MJ/d; data of SMR, DIT and

ACT as a percentage of 24 h EE.

RESTRAINED FATING SUBJECTS

Low-fat Mixed § High-fat

Mean SE Mean SE Mean SE

24 h EE (MJ/d)

SMR (%)

DIT (%)'

ACT(%)1

8.7
71.3

13.7

15.3

0.2
0.7
2.5
3.0

8.2
75.0
11.6
13.3

0.2
1.4
4.2
4.3

8.4
72.3
8.1

19.8

0.3
1.4
4.9

5.2

UNRESTRAINED EATING SUBJECTS
Low-fat Mixed $ High-fat

Mean SE Mean SE Mean SE

24 h EE (MJ/d)

SMR (* )

DITW
ACT(%)

8.6
71.4

16.3

12.2

0.3
1.2
1.8
2.2

8.7
70.8

15.7

13.5

0.1
1.4
2.9
2.9

8.5
«9.8
11.4
18.7

0.2
1.7
1.2
2.2

for low-fat and high-fat diet: 0*7
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7a/>/f &5 Mean 24 h EE for restrained (n=6) and unrestrained eating subjects (n-6) on all three

diets (LF: low-fat diet; M: mixed diet; HF: high-fat diet). Data are expressed in MJ/d.

Restrained eaters Unrestrained eaters

Mean SE MOD SB

24hEE(LF) 8.6 81 0.2 8.8 0.3

24hEE(M) 8.2* 0.2 8.7 0.1

24hEE(HF) 8 .2 ' 0.3 8.7 0.1

§ Restrained eating subjects LF- vs. M-diet; df 5, paired t-value: 4.78, p-0.005

| Restrained eating subjects LF- vs. HF-diet: df 5. paired t-value: 2.50, p-O.055 (NS)

Body vwi^/if

Table 8.6 presents mean changes in body weight during the 3-day experimental
period. Results of eight subjects on all three diets arc presented; data of subjects 1.
9. 10 and 11 were not complete with respect to body weight measurements. The
discrepancy between body weight on days 1 and 3 was representative of free
living conditions, whereas the comparison between days 3 and 4 gave information
about the situation in an experimentally controlled environment, i.e. the respiration
chamber. On all three diets there was a slight increase in body weight during days
1 and 2, when subjects consumed the provided diet at home. During the stay in the
respiration chamber body weight decreased with 0.5 kg on average. Over the 3-
day intervals body weight changes were nonsignificanlly different from zero.
There were no significant differences in changes of body weight due to the
composition of the diet

Mean changes in body weight during the 3-day experimental period for eight

subjects (5 restrained eaters, 3 unrestrained eaters) on the three diets Data arc expressed in kg.

Observation interval

Day 1 and 2 (home) 8

Day 3 (respiration chamber) »

Day 1 through 3 •

I LF- vs. M- and HF-diet; repeated measures ANOVA. df 2. F-value: 0.11. p-0.897 (NS)

I LF- vs. M- and HF-diet; repealed measures ANOV A. df 2, F-valuc: 0.20, p=O.825 (NS)

$ LF- vs. M- and HF-diet; repealed measures ANOV A, df 2. F-value: 0.34, p=O.72O (NS)
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Low-fat
Mean

+0.29

-0.45

-0.16

SE

0.18

0.11

0.15

Mixed
Mean

+0.26

-0.48

-0.21

SE

0.12

0.10

0.20

High-fat
Mean

+0.21

-0.55

-0.34

SE

0.17

0.11

0.16



Discussion

The results of the present study showed no significant effect of the composition of
the diet on 24 h EE. However, there was a trend (p=O.O52) towards an decreased
24 h EE on the M- and HF-diet (Table 8.2) and, comparing the results of one diet
versus another, 24 h EE on the M-diet was significantly lower than on the LF-diet.
Hurni et al. (7), studying the effects of an isoenergetic exchange of fat and
carbohydrate in lean subjects, reported only a tendency to expend less energy on a
M-dict than on a LF-diet. However, differences in diet composition were less
extreme than in the present study, reflected by the food quotients (FQ) of the diets
(Hurni ct al.: LF-diet FQ=0.94, M-diet FQ=0.84; this study: LF-diet FQ=0.94,
M-diet FQ=<).82). Other studies on this topic failed to demonstrate any effect of
dietary fat and carbohydrate exchange on 24 h EE (8), or reported a lower 24 h EE
on a HF-diet than on a LF-diet in post-obese subjects (9).

Furthermore, the influence of diet composition on the separate compartments
of energy metabolism was studied. Earlier studies indicated a decreased SMR on a
HF-diet compared to a LF-diet (7), or no effect at all (8-9). In the present study,
no significant effect of diet composition on SMR was observed (Table 8.3). The
contribution of D1T to energy metabolism was expected to be lower on a HF-diet
(9,12). According to Acheson et al. (33), the explanation for this finding could be
the greater obligatory cost of glycogen storage and a facultative increase in
thcrmogencsis due to glucogenic stimulation of the sympathetic nervous system
(34). Abbott el al. (8), however, found no change in DIT due to the composition
of the diet. In the present study no effect of dietary fat and carbohydrate exchange
on DIT was observed either, although the contribution of DIT to energy
metabolism was highest on the LF-dict and lowest on the HF-diet (Table 8.3).
Possibly because of the high intra-person variability statistical significance was not
reached. Considering the energy expenditure for physical activity, no significant
effect of diet composition could be observed, not in an earlier study (8) nor in the
present study.

A second objective of this study was to examine whether the influence of diet
composition was different for different types of subjects, to explain possible
consequences of both attitude towards eating and diet composition for developing
obesity. There were no significant differences for 24 h EE, SMR, DIT and ACT
between the groups of restrained and unrestrained eating subjects, not on the LF-
diet nor on the M- or HF-diet (Table 8.4). Within the group of restrained eating
subjects, 24 h EE was significantly lower during the M- and HF-diet. compared to
the LF-diet (Table 8.5). Therefore, the decreased 24 h EE on the M- and HF-diet
as observed for all subjects (n=12) was on account of the group of restrained
eating subjects (Tables 8.2.8.5). Tuschl et al. (17) conducted a study on the
relationship between average daily metabolic rate and the eating behaviour of
female normal weight subjects. Although the group of restrained eating subjects
had a higher BMI compared to the unrestrained eating subjects, self-reported
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energy intake and measured energy expenditure were significantly lower. Because
body weight did not change during the observation period, this should mean that
restrained eating subjects have diminished energetic requirements, which in turn
can induce chronic weight concern. On the other hand, restrained eaters report
multiple dieting periods with various weight fluctuations, resulting in a decreased
energy expenditure. In the present study, BMI did not differ significantly between
the groups of restrained and unrestrained eating subjects. Nevertheless, the
response of restrained and unrestrained eating subjects to dietary exchange of fat
and carbohydrate differed substantially. Considering the results with respect to
development and treatment of obesity a LF-diet would be beneficial, especially if
subjects have a restrained type of eating behaviour.

In conclusion, dietary exchange of fat and carbohydrate had no significant
effect on 24 h EE, although there was a trend towards a decreased 24 h EE at a M-
and HF-diet. When the relevant subject characteristics were taken into account, 24
h EE was significantly lower at a M- and HF-diet compared to a Ll*'-diet in
restrained eating subjects, reflecting a possible risk factor at M- and HF-diets in
developing obesity. Dietary composition had no significant effect on the
compartments of energy metabolism SMR, DIT and ACT.

References

1 Dreon DM, Frey-Hewitt B. Ellsworth N, Williams PT. Terry RB am) Wood PD (1988):

Dietary fat: carbohydrate ratio and obesity in middle-aged men. Am J Clin Nulr 47: 995-

1000

2 Romieu I, Willen WC, Stampfer MJ, Colditz C'.A. Sampson I., Rnsner B, llcnnckcns ('II

and Speizer FE (1988): Energy intake and other determinants of relative weighl. Am J Din

Nutr 47: 406-412

3 Tremblay A, Plourde G, Despres JP and Bouchard C (1989): Impact of dietary fat content

and fat oxidation on energy intake in humans. Am J Clin Nutr 49: 799-805

4 Duncan KM, Bacon JA and Weinsier Rl. (1983): The effects of high and low energy

density diets on satiety, energy intake and eating lime of obese and nonobese subjects. Am

J Clin Nutr 37: 763-767

5 Lissner L, Leviuky DA, Strupp BJ. Kalkwarf UJ and Roc DA (1987): Dietary fai and the

regulation of energy intake in human subjects. Am J Clin Nutr46: 886-892

6 Ravussin E, Lillioja S. Knowlcr WC. Christin L, Freymond I), Abbo» WCill. Boyce V,

Howard BV and Bogardus C (1988): Reduced rate of energy expenditure as a risk factor for

body-weight gain. New Engl J Med 318: 467-472

7 llumi M. Bumand B. Pittct P and Jéquier E (1982): Metabolic effects of a mixed and a

high-carbohydrate low-fat diet in man. measured over 24 h in a respiration chamber. Br J

Nutr 47: 33-43

8 Abbott WGH. Howard BV, Ruotolo G and Raviwsin E (1990): Energy expenditure in

humans: Effects of dietary fa» and carbohydrate. Am J Phywol 2S8: E347-E351

111



9 Lean MEJ and James WPT (1988): Metabolic effects of isoenergelic nutrient exchange

over 24 hours in relation to obesity in women. Int J Obes 12: 15-27

10 McNeill G, Bruce AC. Ralph A and James WPT (1988): Inter-individual differences in

fasting nutrient oxidation and the influence of diet composition. Int J Obes 12: 455-463

11 Flat! JP (1985): Energetics of intermediary metabolism. In: Substrate and energy

metabolism in man, eds JS Garrow and E Halliday, pp. 58-69. London: Libbey

12 Schwartz RS. Ravussin E. Massari M, O'Connell M and Robbins DC (1985): The

thermic effect of carbohydrate versus fat feeding in man. Metabolism 34: 285-293

13 Nair KS, Halliday D and Garrow JS (1983): Thermic response to isoenergetic protein,

carbohydrate or fat meals in lean and obese subjects. Clin Sci 65: 307-312

14 Swaminathan R, King RFJ, Holmfield J and Wales JK (1981): Dietary fat induced

ihcrmogencsis in obesity. Clin Sci 62: 16P

15 Zed C and James WPT (1986): Dietary thermogenesis in obesity: fat feeding at different

energy intakes. Int J Obes 10: 375-390

16 Lacssle R(i. Tuschl RJ, Kotthaus BC and Pirke KM (1989): Behavioral and biological

correlations of dietary restraint in normal life. Appetite 12: 83-94

17 Tuschl RJ, Platte P. Laessle RG, Stichler W and Pirke KM (1990): Energy expenditure

and everyday eating behavior in healthy young women. Am J Clin Nutr 52: 81-86

18 Herman ( T and Polivy J (1980): Restrained eating. In: Obesity, cd A Stunkard. pp. 208-

224. Itiiladclphia: WB Saunders

19 Wcsterterp-Pluntenga MS. Wouters L and Ten Hoor F (1991): Restrained eating, obesity

and cumulative food intake curves during four-course meals. Appetite 16: 149-158

20 Slunkiird AJ and Mcssick S (1985): The three factor eating questionnaire to measure dietary

restraint, disinhibition and hunger. Psych Res 29: 71-83

21 Westcrtcrp-linntcnga MS, Wouters I. and Ten Hixir F (1990): Deceleration in cumulative

ftxxl intake curves, changes in body temperature, and diet-induced ihcrmogencsis. Physiol

Bchav 48: 831-836

22 Wcsterterp-Plantenga MS. Westerterp KR. Nicolson NA, Mordant A, Schoffelen PFM and

Ten Hoor I- (l«W0): The shape of the cumulative food intake curve in humans, during

basic and manipulated meals. Physiol Bchav 47: 569-576

23 Harris JA and Benedict FG (1919): A biometric study of basal metabolism in man.

Carnegie Institution of Washington 190

24 Verhoekci-van dc Vcnnc WPHG, Westerterp KR and Kester ADM. Effect of the pattern of

food intake on human energy metabolism (Chapter 3 this thesis)

25 Vcrboeket-van de Venne WPHG and Westerterp KR (1991): Influence of the feeding

frequency on nutrient utilization in man: Consequences for energy metabolism. Eur J Clin

Nutr 45: 161-164

26 Kommissie UCV. Uitgebreide voedingsmiddelen tabel (1985). Den Haag: Voorlichtings-

bureau voor de voeding

27 F'latt JP (l')87): Dietary fat. carbohydrate balance, and weight maintenance: Effects of

exercise. Am J Clin Nutr 45: 296-306

28 Weir JB dc V (I'M*)): New methods for calculating metabolic rate with special reference to

predict protein metabolism. J Physiol 109: 1-9

112



29 Schoffelen PFM. Saris WHM. Westenerp KR and Ten Hoor F (1984): Evaluation of an

automatic indirect calorimeter for measurement of energy balance in man. In: Human

energy metabolism: Physical activity and energy expenditure measurements in

epidemiological research based upon direct and indirect calorimctry. Euro Nut Report 5. cd

AJH Van Es, pp. 51-54. Wageningen: lite Netherlands Nutrition 1-oundation

30 Schutz Y, Bessard T and Jéquier E (1984): Diet-induced thcrmogencsis measured over a

whole day in obese and nonobese women Am J d i n Nuir 40: 542-552

31 Goldberg OR. Prentice AM. Oavies HI. and Murgatroyd PR (1988): Overnight and basal

metabolic rates in men and women. Eur J Clin Nuir 42: 137-144

32 Garrow JS (1974): Energy balance and obesity in man. Amsterdam: North Holland

Publishing Company, 1974

33 Acheson KJ. Schulz Y. Bessard T. Ravussin E and Jéquicr E (1984): Nutritional influences

on lipogenesis and thermogenesis after a carbohydrate meal. Am J Physiol 246: E62-E70

34 Acheson KJ, Ravussin E, Wahrcn J and Jéquicr E (1984): Thermic effect of glucose in

man: obligatory and facultative thcrmogencsis. J Clin Invest 74: 1572-1580

113





Chapter 9

General discussion

Pattern of energy intake and diet composition are often cited as variables that can
influence energy balance and hence body weight. A small number of large meals
per day is accompanied by more storage and mobilization of energy than a large
number of small meals and thus may influence energy balance. In this thesis
effects of the pattern of energy intake on energy metabolism and on substrate
oxidation have been described in normal weight healthy subjects (short-term effect:
Chapter 2; long-term effect: Chapter 3). in moderately obese women on a
slimming diet for 4 weeks (Chapter 4) and in patients with cirrhosis of the liver
(Chapter 6). To investigate whether a reduced ability to store glycogen in the liver
is reflected in the pattern of energy intake, the habitual pattern of energy intake was
studied in patients with liver disca.se (Chapter 5). The effect of diet composition on
energy metabolism and substrate oxidation was studied in normal weight subjects
with a restrained or unrestrained attitude towards eating (Chapters 7 and 8). Thus
the association between susceptibility of subjects to become obese and their
response to a high fat intake was evaluated.

To interpret the effects of a change in meal frequency or diet composition
correctly, it is important that subjects are in energy balance during the observation
period. Feeding subjects to energy balance is not easy to accomplish. In the
studies described in this thesis, 24 h energy requirements were based on measured
SMR (Chapter 2), calculated BMR (1) (Chapters 6-8) or self-reported energy
intake using a 7-day food record (Chapter 3). Pooled data on energy expenditure
of all healthy subjects (n=39) measured in the respiration chamber revealed that 24
h EE equalled 1.31 x BMR (Coefficient of Variation: 6.8 %) and 1.40 x SMR
(CV: 6.0 %). For patients with cirrhosis of the liver (n=8) 24 h EE was found to
be 1.47 x BMR (CV: 12.4 %) and 1.31 x SMR (CV: 6.5 %). Measured SMR per
kg fat-free mass was significantly increased in these patients. Daily energy
expenditure in free living conditions (n=10) averaged 1.69 x BMR (CV: 7.2 %)
and 1.82 x SMR (CV: 4.6%).

Goldberg et al. (2) recently reviewed data from studies on energy
expenditure measured in physically restricted conditions (3-11) and in free living
conditions (8,12-16). For subjects with a sedentary life-style, 24 h energy
expenditure in physically restricted conditions averaged 1.35 x measured BMR
and in free living conditions 1.67 x measured BMR (men: 1.78 x BMR; women:
1.62 x BMR). Considering the fact that BMR is higher than SMR due to the
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energy costs of arousal, these data are comparable to the results of the studies
described in this thesis.

When subjects were fed according to their self-reported energy intake
(Chapter 3), daily energy expenditure in free living conditions was underestimated
by 16.0 (sd 8.7) %. Livingstone cl al. (13) studying the accuracy of weighed
dietary records, reported that energy expenditure in free living conditions was
underestimated by 18.9 (sd 21.7) % in adult men with physical characteristics
comparable to those of the subjects of Chapter 3. Reasons for this phenomenon
included underreporting of energy intake and/or undereating during the
observation period, indicated by loss of body weight (17).

It is concluded that daily energy requirements arc most accurately predicted
when energy requirements are based on measured SMR. In healthy subjects
calculated BMR can be used as well for estimation of energy requirements, since
there is little difference in the coefficient of variation compared with estimates
based on measured SMR. However, in patients with cirrhosis of the liver it is
recommended to base energy requirements on measured SMR. Self-reported
energy intake underestimates daily energy requirements.

Pattern of energy intake

£/f«.7.v on «TMT&V

In the experiments described in this thesis dietary energy was supplied with a
minimal or maximal spreading throughout the day. A gorging pattern of energy
intake always consisted of two meals daily that were consumed at 12.(K)h and
18.(H)h (Chapters 2, 3, 4 and 6). A nibbling pattern consisted of 7 meals daily
with the first meal at 7.3()h and the last meal at 20.3()h in normal weight healthy
subjects (Chapters 2 and 3), 3-5 meals with the first meal at 7.3Oh and the last
meal between 18.(X)h and 21.(K)h in moderately obese women on a slimming diet
(Chapter 4), or 4 meals with the first meal at 7.3()h and the last meal at 22.3Oh in
patients with liver cirrhosis (Chapter 6). In all studies described above, it was
revealed that the pattern of energy intake has no significant effect on 24 h energy
expenditure as measured in restricted or in free living conditions. Other studies
also failed to observe a significant effect of meal frequency on energy metabolism
(18-20).

The components SMR, DIT and ACT were also not affected by the pattern of
energy intake. The observed increase in total energy expenditure between 19.00h-
7.00h when on the gorging pattern (Fig. 3.2) was similar to findings of Dallosso
et al. (19). One explanation for this result could be a prolonged DIT during the
evening and night, due to the meal at 18.(X)h containing 60 per cent of daily energy
intake. Support for this hypothesis is given by Kinabo and Durnin (21), reporting
higher D1T values on a meal of high energy content compared with a meal of low
energy content. Schut/, et al. (22), investigating the metabolic effects of over-
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feeding, observed that ihermogenesis was prolonged during the day and even
throughout the subsequent night. In the study described in Chapter 3, the effect of
meal frequency on DIT was determined from the first meal until bedtime at
23.(X)h. If thermogenesis is prolonged throughout the night, which might have
been the case on the gorging pattern, we would not have noticed this because of
the method used for the assessment of DIT.

Ejects on jw/jjrra/e
Substrate oxidation was studied by comparing the RQ. reflecting the composition
of the fuel mixture oxidized, with the calculated FQ of the diet. Periods of
lipogenesis were defined as RQ>FQ and periods of lipolysis as RQ<FQ. By
measuring oxygen consumption, carbon dioxide production and urinary nitrogen
excretion, oxidation of protein, fat and carbohydrate was determined (23).

In both healthy subjects and patients with cirrhosis of the liver, there was no
significant effect of meal frequency on 24 h RQ, 24 h NPRQ or 24 h oxidation of
protein, fat or carbohydrate. During the period from 9.(K)h-12.(K)h (i.e. the
preprandial interval), the RQ was significantly decreased on a gorging pattern
compared with a nibbling pattern of intake, reflecting a higher oxidation ratio of fat
to carbohydrate (Fig. 6.1).

In healthy subjects there was a marked fluctuation of lipogenesis and
lipolysis with a gorging pattern of energy intake. Fat oxidation was significantly
increased from 9.(K)h-12.(X)h on the gorging pattern, whereas oxidation of
carbohydrate was decreased during the same period. Furthermore, carbohydrate
oxidation was increased from 18.OOh-21.(X)h on the gorging pattern, indicating an
enhanced lipogenic activity during the interval following the second meal.

Cirrhotic patients on a gorging pattern of energy intake showed a similar
fluctuation in RQ as the healthy subjects, but during the period of waking up and
rising in the morning (i.e. 6.(X)h-9.(X)h) the RQ remained low in these patients.
This was reflected by the high proportion of energy that was derived from fat
oxidation from 6.0Oh-12.00h, even in cirrhotic patients on a nibbling pattern
consuming a breakfast at 7.3Oh (Fig. 6.3), suggesting that patients with cirrhosis
of the liver have reduced liver glycogen stores. Swart cl al. (24) hypothesized that
during an overnight fast, glycogen stores of cirrhotic patients are insufficient to
ensure a normal blood glucose level, resulting in an increased gluconcogcnesis
from amino acids. This will lead to extra amino acid loss and hence depletion of
tissue protein stores. The findings of the study described in Chapter 6, indicating
that nocturnal protein oxidation (i.e. 24.(X)h-6.00h) is increased on a gorging
pattern of energy intake, support this hypothesis. A pattern of energy intake
including a late evening meal might delay the otherwise early onset of
gluconcogenesis in these patients so that extra amino acid loss is diminished,
resulting in a more positive (or less negative) nitrogen balance (25). Considering
the habitual pattern of energy intake in patients with liver disease (Chapter 5), it is
suggested that the inclusion of a breakfast into the daily pattern of food intake
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might have beneficial effects too. It has been reported that the period to reach a
catabolic state (in which most of the energy is derived from fat) was much shorter
in patients with cirrhosis of the liver as compared with healthy controls (26-28).
Thus, even after a late evening meal and an overnight fast of 9 hours (as described
in Chapter 6) glucose cannot be provided in sufficient amounts because of depleted
glycogen stores in the liver, resulting in an increased use of fat as an alternative
fuel. It is concluded that in patients with cirrhosis of the liver the pattern of energy
intake is an essential factor for maintenance of energy- and substrate balance. A
pattern of food intake with a maximal spreading of meals throughout the day
(including an early breakfast and a late evening meal) would minimize episodes of
catabolism in these patients.

tt on body we/g/ir and body compos/f/on
In all studies there was no significant effect of the pattern of energy intake on body
weight or body composition. In healthy adult men on a gorging and nibbling
pattern of energy intake for 7 days each, body weight changes (-0.6 kg/14 d) were
not significantly different from zero (Chapter 3). Patients with cirrhosis of the liver
showed a significant decrease in body weight (-0.2 kg/d) during the stay in the
respiration chamber (Chapter 6). However, the change in body weight was not
related to the pattern of energy intake. In moderately obese women on a reducing
diet with or without a breakfast, body weight significantly decreased after 4 weeks
of dieting (Chapter 4). Body weight loss averaged 4.4 kg/28 d of which 2.5 kg as
fat mass and 1.9 kg as fat-free mass. Again, the change in body weight and body
composition was not affected by the pattern of energy intake.

Information on the influence of meal frequency on body weight and body
composition is not consistent. In isoenergetic conditions body weight was found
to be increased on a gorging pattern (19). Studies on the effect of meal frequency
in hypocaloric conditions reported that weight loss was greater on a nibbling diet
(29-30), or that there was no relationship between meal frequency and rate of
weight loss (31-32) or rate of fat mass loss (33). Schlundt et al. (34) conducted a
study on the role of breakfast in the treatment of obesity, taking into account the
habitual breakfast-eating habits of the subjects. After 12 weeks of treatment,
baseline breakfast eaters lost more weight on a no-breakfast treatment, whereas
baseline breakfast skippers lost more weight on a breakfast treatment, suggesting
that subjects who had to make the most substantial changes in eating habits
achieved better results with regard to weight loss. Subjects on the breakfast
treatment showed a concomitant reduction in dietary fat intake and less impulsive
eating of snacks, suggesting that incorporation of a breakfast into a slimming diet
is beneficial in the treatment of obesity.

Summarizing, the available data from literature together with our own data
do not allow definite conclusions as to the effects of the pattern of energy intake on
body weight and body composition.
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Diet composition

£J9<?c« on
The effects of isoenergetic low-fat (high-carbohydrate) and high-fat (low-
carbohydrate) diets on energy metabolism were studied in normal weight subjects
with a restrained or unrestrained attitude towards eating (Chapter 8). There were
no significant differences in 24 h EE, SMR, DIT or ACT between these two
groups. Within groups, in restrained eating subjects 24 h EE was significantly
increased on a low-fat diet compared with a mixed and high-fat diet. In
unrestrained eating subjects there was no effect of these diets on 24 h EE. Other
studies investigating the effects of an isoencrgelic exchange of fat and
carbohydrate reported no change in 24 h EE for normal weight and obese subjects
(35-40). In post-obese subjects, who are supposed to be restrained eaters, 24 h EE
was found to be increased on a low-fat diet when compared with a high-fat diet
(37), and also when compared with normal weight controls on a low-fat diet (41).
In free living conditions, Tuschl et al. (42) reported that daily energy expenditure
was significantly lower in normal weight subjects with a restrained attitude
towards eating. Suggestions to explain this phenomenon included a biological
predisposition to a low energy expenditure (43), or an adaptation of energy
expenditure to repeated cycles of weight loss and weight gain (44).

In conclusion, 24 h EE was significantly increased in restrained eating
subjects on a low-fat diet, compared with a mixed diet and a high-fat diet. Thus, a
diet with a low fat content might be beneficial in the prevention of obesity in these
subjects.

£J5tects on suèsrrare
In Chapter 7 the short-term effects of dietary fat and carbohydrate on substrate
oxidation have been described. On a high-fat diet 24 h RQ was similar to 24 h FQ
indicating substrate balance, whereas on a low-fat and mixed diet RQ was lower
than FQ reflecting the oxidation of more fat than ingested and/or less carbohydrate
than ingested. These data are supported by similar findings reported in literature
(35,37-39). In subjects with a restrained attitude towards eating a high-fat diet
resulted in a significantly lower oxidation of fat than in unrestrained eating
subjects. A low-fat diet resulted in a negative fat balance in restrained as well as
unrestrained eaters. However, the fat balance tended to be less negative in
restrained than in unrestrained eaters (Table 7.4). Both observations suggest that
restrained eaters have a smaller ability to oxidize fat than unrestrained eaters.
Thomas et al. (40) reported that in response to a low-fat diet obese subjects
oxidized proportionally less fat and more carbohydrate than lean subjects. There
was a positive relationship between fat intake and fat oxidation in lean subjccLs
consuming a high-fat diet, but not in obese subjects. Our data and those from
Thomas et al. (40) suggest that in restrained eating subjects and obese subjects fat
oxidation may be more difficult than in unrestrained eaters, resulting in an easy
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storage and a less easy mobilization of fat, explaining the higher susceptibility of
restrained eating»subjects to become obese.

Conclusions

1 Energy requirements in sedentary conditions are best predicted when they are
based on measured SMR. In normal weight healthy subjects calculated BMR
can be used as well.

2 In patients with cirrhosis of the liver, it is recommended to base energy
requirements on measured SMR.

3 Self-reported energy intake underestimates daily energy requirements.
4 The pattern of energy intake has no significant effect on 24 h energy

expenditure nor on the components SMR, DIT and ACT.
5 In healthy subjects there is a marked fluctuation of lipogenesis and lipolysis

with a gorging pattern of energy intake.
6 The habitual pattern of energy intake in patients with liver disease is

characterized by a relatively high energy intake (± 30 % of daily energy
intake) during the first four hours after rising.

7 In patients with cirrhosis of the liver, episodes of catabolism are minimized
on a pattern of energy intake including an early breakfast and a late evening
meal.

S The pattern of energy intake, as observed over intervals up to 4 weeks, has
no measurable effects on (changes in) body weight and body composition.

9 For subjects with a restrained attitude towards eating, 24 h EE is
significantly increased on a low-fat diet compared with a mixed diet and a
high-fat diet.

10 In response to a high-fat diet, the increase in fat oxidation is smaller in
restrained eating subjects compared with unrestrained eating subjects.

11 Subjects with a restrained attitude towards eating are more susceptible to
become obese because they oxidize relatively less fat and more carbohydrate
compared with unrestrained eating subjects.

12 Restrained eating subjects are advised to consume a low-fat diet
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Summary

Energy balance and hence body weight is influenced by nutritional factors
including the pattern of energy intake and diet composition. A small number of
large meals (gorging pattern) is accompanied by more storage and mobilization of
energy than a large number of small meals (nibbling pattern). A diet high in fat is
often associated with an increasing prevalence of obesity, the latter possibly due to
a decreased energy expenditure or a reduced ability to adjust fat oxidation to fat
intake. In this thesis the effects of the pattern of energy intake and of diet
composition on energy metabolism and substrate oxidation are investigated.

Chapter 2 describes the short-term effects of meal frequency on the diurnal
pattern of substrate oxidation in healthy young adults. There is no significant effect
of the pattern of energy intake on 24 h energy expenditure (24 h EE). A gorging
pattern of energy intake results in a stronger diurnal periodicity of lipogenesis and
lipolysis. compared to a nibbling pattern. On a gorging pattern, carbohydrate
oxidation is decreased during the fasting period (from rising in the morning until
the first meal), whereas fat oxidation is increased during the same period lo cover
energy needs. On a nibbling pattern carbohydrate and fat oxidation remain
relatively constant during the active hours of the day.

Chapter 3 reports on the influence of the pattern of energy intake on 24 h
energy metabolism (in both free living and experimentally controlled conditions)
and on its components basal metabolic rate (BMR). diet induced thermogenesis
(DIT) and energy expenditure due to physical activity (ACT). During one week
healthy adult subjects are fed to estimated energy balance at two meals per day and
during another week at seven meals per day. There is no significant effect of meal
frequency on the average daily metabolic rate (ADMR) or 24 h EE. BMR and ACT
are not different between the two patterns either. DIT is significantly elevated on
the gorging pattern, but this effect is neutralized as the elevation is over a shorter
time interval.

The effects of meal frequency on the rate and composition of weight loss and
on energy metabolism arc studied in moderately obese women on a slimming diet
for 4 weeks (Chapter 4). There is no significant effect of the pattern of energy
intake on the rate of weight loss, fat mass loss or fat-free mass loss. Meal
frequency has no significant effect on the sleeping metabolic rate (SMR), not after
2 weeks nor after 4 weeks of dieting. The decrease in SMR after 4 weeks is
significantly greater in subjects on the nibbling diet. 24 h EE and DIT are not
significantly different between the two eating patterns.

To investigate whether a reduced ability to store glycogen in the liver is
reflected in the pattern of energy intake, the habitual pattern of energy intake is
studied in patients with liver disease (Chapter 5). Total energy intake is not
different between patients with liver disease and healthy control subjects. When
energy intake is expressed per kg body mass, intake is significantly lower for the
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patient group. Intake of protein and alcohol is similar for both groups, whereas fat
intake is reduced and carbohydrate intake is increased in patients with liver
disease. Considering the pattern of energy and macronutrient intake, energy intake
and protein intake are significantly increased in the patients during the first four
hours after rising in the morning. During the late evening the contribution of
carbohydrate to energy intake is higher in the patient group than in the control
group. These findings are probably functional in order to minimize episodes of
catabolism in patients with liver disease.

Chapter 6 reports on the effects of the pattern of energy intake on energy
metabolism and substrate oxidation in patients with cirrhosis of the liver. 24 h EE
expressed as a multiple of SMR is decreased in patients with cirrhosis, due to an
increased SMR per kg fat-free mass. In both groups, patients with cirrhosis and
healthy control subjects, the respiratory quotient (RQ) is significantly lower during
the morning preprandial period on a gorging pattern (9.(X)h-12.OOh), reflecting a
higher oxidation ratio of fat to carbohydrate compatible to a more catabolic state.
During the period from 6.(X)h-12.OOh, the contribution of fat oxidation to total
energy expenditure in crrrhotic patients is 58 % on the gorging pattern and as high
as 50 % on the nibbling pattern where the patients consume a breakfast. During the
same period, carbohydrate oxidation is significantly decreased on the gorging
pattern, compared to the nibbling pattern. Our data suggest that patients with liver
cirrhosis should eat according to a nibbling pattern. An early breakfast and a late
evening meal shorten the episodes of catabolism occurring during the night and in
the morning, improving energy and substrate balances in patients with liver
cirrhosis.

Chapters 7 and 8 describe the results of a study on the short-term effects of
dietary fat and carbohydrate exchange on substrate oxidation and energy
metabolism. To elucidate the metabolic responses to dietary fat and carbohydrate
of subjects being more or less susceptible to become obese, the subject
characteristics of a restrained or unrestrained attitude towards eating are taken into
account. Oxidation of fat and carbohydrate significantly increases with,
respectively, an increasing fat and carbohydrate content of the diet, for both
restrained and unrestrained eating subjects. Restrained eating subjects show a
reduced fat oxidation compared to unrestrained eaters in response to a high-fat
diet, resulting in a positive fat balance for restrained eating subjects. On a low-fat
diet fat balance is negative for both groups of subjects, indicating mobilization of
energy from endogenous body fat stores. In conclusion, restrained eating subjects
have more difficulty in the handling of a high-fat diet, which can be a possible
explanation for their higher susceptibility to become obese. 24 h EE and its
components SMR, DIT and ACT are not significantly different between the
restrained and unrestrained eating subjects. Within the group of restrained eating
subjects, 24 h EE is increased on the low-fat diet, compared to the mixed and
high-fat diet Diet composition has no effect on 24 h EE in the unrestrained eating
subjects.
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Samenvatting

Het patroon van voedselopname en de samenstelling van de voeding zijn twee
factoren die van invloed kunnen zijn op de energiebalans en het lichaamsgewicht.
Hel nuttigen van enkele grote maaltijden per dag 0,'or^inj? patroon) gaat gepaard
met meer opslag en mobilisatie van energie dan een patroon van voedselopname
dat bestaat uit meerdere kleine maaltijden per dag (/JIW>/;>»# patroon). Het nuttigen
van een vetrijke voeding wordt vaak in verband gebracht met een verhoogd risico
voor overgewicht, dat laatste mogelijk vanwege een verlaagd energiegebruik of
vanwege een verminderde capaciteit om de verbranding van vetten te verhogen als
reactie op een hoge vetopname. In dit proefschrift zijn de effecten beschreven van
het patroon van voedselopname en de samenstelling van de voeding op het
energie- en substraatgehruik.

In hoofdstuk 2 zijn de korte-termijn effecten beschreven van de maaltijd-
frekwentie op het dagelijks patroon van substraatverbranding van gezonde jong
volwassenen. Er is geen significant effect van het patroon van voedselopname op
het 24 uurs energiegebruik. Een £or£/>?# patroon van voedselopname resulteert in
een sterkere afwisseling van lipogenese (vetsynthese en opslag) en lipolyse
(vetverbranding), vergeleken met een mM;//n£ patroon. Tijdens een #»r/j/*i/{
patroon is de koolhydraatverbranding verlaagd tijdens de periode van vasten
(vanaf het opstaan 's morgens tot de eerste maaltijd), terwijl de velverbranding in
diezelfde periode verhoogd is om in de energiebehoefte te voorzien. Tijdens een
mtó//>?£ patroon blijven koolhydraat- en vetverbranding overdag relatief constant.

Hoofdstuk 3 beschrijft de invloed van het patroon van voedselopname op hel
24 uurs energiegebruik (in dagelijkse leefomstandigheden en in een respiratic-
kamcr mei overwegend zittende activiteit) en op de onderdelen basaalstofwisseling
(BMR), dieet geïnduceerde thermogenese (DIT) en het energiegebruik voor
lichamelijke activiteit (ACT). Er is geen significant effect van de maallijdfrekwentie
op het 24 uurs energiegebruik in dagelijkse leefomstandigheden of in een
respiratiekamer. BMR en ACT zijn niet verschillend tussen beide maaltijdpatronen.
DIT is significant verhoogd tijdens een #or#/;i£ patroon van voedselopname.
maar dit effect verdwijnt wanneer gecorrigeerd wordt voor het tijdsinterval
waarover DIT bepaald wordt.

In hoofdstuk 4 zijn de effecten beschreven van de maaltijdfrekwentie op de
mate en samenstelling van gewichtsverlies bij vrouwen met overgewicht tijdens
een 4 weken durende dieetperiode. Er is geen significant effect van hel patroon van
voedselopname op de male van gewichtsverlies of verlies van vetmassa of vet-vrije
massa. De maaltijdfrekwentie heeft evenmin effect op de slaapstofwisscling
(SMR), niet na 2 weken noch na 4 weken dieet. De daling in SMR na 4 weken is
groter bij die personen die tijdens hun dieet een ontbijt nuttigen. Er is geen verschil
in 24 uurs energiegebruik en DIT tussen beide maaltijdpatroncn.
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Patiënten met een leveraandoening hebben een verminderde capaciteit om een
tijdelijk overschot aan energie op te slaan. Hoofdstuk 5 beschrijft het spontane
patroon van voedselopname bij patiënten met een leveraandoening. De totale
energieopname is niet significant verschillend tussen patiënten met een
leveraandoening en gezonde controle personen. De energieopname per kg
lichaamsgewicht is significant lager voor de patiëntgroep. Opname van eiwit en
alcohol is gelijk voor beide groepen, terwijl de vetopname verlaagd en de
koolhydraatopname verhoogd is bij patiënten met een leveraandoening. De
energie- en eiwitopname zijn significant verhoogd in de patiëntgroep tijdens de
eerste vier uur na opstaan, 's Avonds is de bijdrage van koolhydraten aan de
energieopname verhoogd in de patiëntgroep, vergeleken met de controle groep.
Deze resultaten zijn waarschijnlijk van belang in het vermijden of beperken van
periodes van catabolisme bij patiënten met een leveraandoening.

Hoofdstuk 6 beschrijft de invloed van het patroon van voedselopname op het
energie- en substraatgebruik bij patiënten met levercirrhose. Het 24 uurs energie-
gebruik uitgedrukt als veelvoud van SMR is verlaagd bij patiënten met
levercirrhose, als gevolg van een verhoogd SMR per kg vet-vrije massa. Zowel bij
patiënten met levercirrhose als gezonde controle personen, is het respiratoir
quotient (RQ) significant verlaagd tussen 9.(K)h en 12.()0h tijdens een gorging
patroon van voedselopname. Dit betekent dat er relatief meer vetten en relatief
minder koolhydraten verbrand worden. Tussen 6.(X)h en 12.(X)h is de bijdrage van
vel aan het energiegebruik bij patiënten met levercirrhose 58 % tijdens een
#orj?/'n# patroon van voedselopname, en 50 % tijdens een nifcfr/ing patroon
terwijl hier een ontbijt genuttigd wordt. In diezelfde periode is de koolhydraat-
verbranding significant verlaagd tijdens een /jor^/nj? patroon. Samenvattend kan
geconcludeerd worden dat een m'M>//>ig patroon van voedselopname aanbeveling
verdient voor patiënten met levercirrhose. Door het nuttigen van een ontbijt en een
late avondmaaltijd worden periodes van catabolisme tijdens de nacht en vroege
ochtend vermeden of tenminste beperkt.

In de hoofdstukken 7 en 8 zijn de resultaten beschreven van een onderzoek
naar de korte-termijn effecten van isoenergetische uitwisseling van vet en
koolhydraat op het energie- en substraatgebruik. Om de metabole respons van een
vetarme cq. veirijke voeding te bestuderen bij personen die meer of minder
gevoelig zijn om overgewicht te ontwikkelen, zijn personen geselecteerd met een
geremd of ongeremd eetgedrag. Verbranding van vetten en koolhydraten neemt
significant toe bij een toename van respectievelijk de hoeveelheid vetten en
koolhydraten in de voeding. Personen met een geremd eetgedrag hebben een
verlaagde vetverbranding vergeleken met ongeremde eters als reactie op een
vetrijke voeding, resulterend in een positieve vetbalans bij geremde eters. Tijdens
een vetarme voeding is de vetbalans negatief voor zowel geremde als ongeremde
eters. Dit betekent dat energie gemobiliseerd wordt uit de vetreserves van het
lichaam. Samenvattend kan gezegd worden dat personen met een geremd
eetgedrag meer moeite hebben om een vetrijke voeding te verwerken. Dit kan een
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mogelijke verklaring zijn voor hun grotere gevoeligheid voor het ontwikkelen van
overgewicht. Het 24 uurs energiegebruik en de onderdelen SMR, DIT en ACT zijn
niet significant verschillend tussen personen met een geremd of ongeremd
eetgedrag. Bij geremde eters is het 24 uurs energiegebruik verhoogd tijdens een
vetarme voeding, vergeleken met een gemiddelde vette of vetrijke voeding. De
samenstelling van de voeding heeft geen effect op het 24 uurs energiegebruik van
personen met een ongeremd eetgedrag.
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Abbreviations

ACT
ADMR
BM
BM1
BMR
CO2
d
df
DIT
EE
24hEE

EE() activity
El

F
FM
FFM
FQ
h
HF-diet
2H2O
2H2>»O
kJ
LF-diet
M
M-dict
Ml
n
N
NPRQ

O2
RMR
RQ
SD
SE(M)
SMR
TBW
wk

energy expenditure tor physical activity
average daily metabolic rate
body mass
body mass index
basal metabolic rate
carbon dioxide
day
degrees of freedom
diet induced thermogencsis
energy expenditure
24 hour energy expenditure
energy expenditure in the inactive state
energy intake calculated according to the Dutch food
composition table (- metabolizable energy)
female
fat mass
fat-free mass
food quotient
hour
high-fat (low-carbohydrate) diet
deuterium
doubly labeled water
kilojoulc
low-fat (high-carbohydrate) diet
male
mixed diet
megajoule(KXX)kJ)
number
nitrogen
non-protein respiratory quotient

oxygen
resting metabolic rate
respiratory quotient
standard deviation
standard error (of the mean)
sleeping metabolic rate
total body water
week

131





Nawoord

Tijdens mijn werkzaamheden de afgelopen vier jaar bij de vakgroep Humane
Biologie heb ik met veel mensen samengewerkt. Op de/e plaats wil ik iedereen
bedanken voor hun bijdrage aan de totstandkoming van dit proefschrift Een aantal
mensen wil ik graag met name noemen.

Allereerst mijn co-promotor Dr. Klaas Westerterp, die mij enthousiast maakte voor
dit onderzoek. Zijn vakinhoudelijke ondersteuning en practische ervaring in het
onderzoek waren van groot belang.

Mijn promotor Prof. dr. Foppe ten Hoor, die altijd tijd wist vrij te maken om de
onderzoeksresultaten, en in een later stadium het proefschrift, te bespreken.

De leden van de beoordelingscommissie, Prof. dr. M.J. Drop. Prof. dr. J.E.
Blundell. Prof. dr. R.W. Stockbrügger. Prof. dr. ir. A.J.H, van Es en Prof. dr.
ir. R.J.J. Hermus, wil ik bedanken voor de waardevolle suggesties en
opmerkingen over mijn proefschrift

Ook gaal mijn dank uit naar Dr. Margriet Westerterp-Plantenga. die mij wegwijs
maakte in de materie van geremd en ongeremd eetgedrag. Onze discussies hebhen
zeker bijgedragen aan de interpretatie van de onderzoeksresultaten.

Dr. Bart van Hoek en Dr. Roei Swart wil ik bedanken voor de goede
samenwerking en nuttige adviezen tijdens en na het onderzoek bij leverpaliünlen.

Dr. Arnold Kester ben ik dank verschuldigd voor de statistische ondersteuning.

De proefpersonen en patiënten wil ik bedanken voor hun vrijwillige deelname en
medewerking aan de onderzoeken. Ik heb veel bewondering voor de wijze waarop
zij zich aanpasten aan de door mij opgelegde vocdingsregimes.

Suzanne Koster, Ingrid Sprenger, Dorcmickc Donkers en Mignon de Jager, die als
stagiaires bij de verschillende projecten betrokken waren.

Lock Wouters, voor het analyseren van de vele urinemonsters. Bovendien kon ik
altijd een beroep op hem doen bij technische problemen.

Paul Schoffelen, voor de ondersteuning bij de talrijke rcspiratickamcrmctingen.

Annemie Gijsen, voor het uitvoeren van de stikstofbepalingcn.

133



Mijn kamergenoten op Beeldsnijdersdreef 101, Ellen van den Heuvel, Ruud
Hermus, Margriet Westerterp-Plantenga, Nicole Duysens en Wouter van Marken
Lichtenbelt, voor de plezierige werksfeer en nuttige discussies over de
verschillende onderzoeken. .

Mijn huidige kamergenoten. Daphne Pannemans en Carlijn Bouten, wil ik vooral
bedanken voor hun morele ondersteuning ten tijde van de afronding van mijn
proefschrift.

Mijn pectoom Harrie Slangen, die altijd een warme belangstelling toonde voor
mijn werkzaamheden. Helaas komt mijn promotie enkele maanden te laat voor
hem.

Mijn ouders wil ik bedanken voor de wijze waarop zij altijd voor me klaarstonden.

Tot slot gaat mijn dank uit naar René, die mij steeds motiveerde om door te gaan
en die mij ook ondersteunde wanneer mijn universitaire werkzaamheden zich
uitbreidden tot avonden, weekenden en feestdagen.

134



Curriculum vitae

Wilhelmine P.H.G. Verboeket-van de Venne werd op 9 januari 1966 in Roermond
geboren. In 1984 behaalde zij het VWO diploma aan het Bouwens van der Boyc
College te Helden-Panningen. In datzelfde jaar begon zij haar studie biologie aan
de Katholieke Universiteit Nijmegen, om in januari 1989 het doctoraal examen te
behalen, met als hoofdvak Dierfysiologie (Drs. J.P.H. Oskam, Drs. R.G.J.M.
Hanssen en Prof. dr. S.E. Wendelaar Bonga) en als bijvak Gynaecologie (Dr.
H.J.M. Goverde en Prof. dr. R. Rolland). Per 1 januari 1989 trad zij in dienst als
assistent in opleiding (A.I.O.) bij de vakgroep Humane Biologie (Dr. K.R.
Westerterp en Prof. dr. F. ten Hoor) aan de Rijksuniversiteit Limburg te
Maastricht. Het onderzoek dat zij daar gedurende vier jaar verrichtte is beschreven
in dit proefschrift.

135





Publications

Va» de Venne WPHG, Westerterp KR and Ten Hoor F 0990} (abstr.): Influence of ÜJC

feeding frequency on nutrieni uüli/aüsm in man. Voeding 51: 156-157

Van (Je Venne WPHG. Westerterp KR and Ten Hoor F (l«JW) (abstr,): influence of the

feeding frequency on nutrient utilization in man. Int J <)bes 14 (Suppl. 2): 52

Verboeket-van de Venne WPHG and Westerterp KR (1W1): Influence of the feeding

frequency on nutrient utilization in man: Consequences for energy metabolism. Kur J (Tin

Nutr45: 161-169

Verboeket-van de Venne WPHG and Westerterp KR (1991) {abstr.): Substraat- en

energiegebruik als functie van het patroon van ifc cncrgicopnamc. Voeding 52: 15

Verboeket-van de Venne WPHG, Westerterp KR and Ten Hoor I- (1'WlXiibstr .): l-ffcci of

the pattern of food intake on human energy metabolism Int J ()bes 15 (Suppi. l): 60

Verboeket-van de Venne WPHG, Westerterp KR and Kester A1>M: Kffcct t>f the pattern of

food intake on human energy metabolism. Dr i Nutr (in press)

Verboeket-van de Venne WPHG and Westerterp KR: Frequency of feeding, weight

reduction and energy metabolism. Int J Obcs (in press)

Verboeket-van de Venne WPHG, Westerterp KR and Ten Hoor F {abstr): Influence of

dietary fat on human substrate balance. Am J C'lin Nutr (in press)

Vcrboeket-van de Venne WPHG, Weslcrterp KR and Ten Hoor I': Substrate utilization in

man: Effects of dietary fat and carbohydrate (accepted in Metabolism)

Verboekel-van de Vcnne WPHG, Westerterp KR and Ten Hixir F (1992) (abstr): F.ffect of

diet composition on human energy metabolism. Int J Obcs 16 (Suppl. 1): 13

Verboeket-van de Venne WPHG and Westerterp KR: Effects of dietary fat and carbohydrate

exchange on human energy metabolism (submitted for publication)

Verboeket-van de Venne WPHG, Westerterp KR, Van Hock B, Swart GR and

Stockbrügger RW (abstr.): Het patroon van de vocdselopname en het energie- en

substraatgebruik bij Icverpatiëntcn. Voeding (in press)

Verboeket-van de Venne WPHG, Westerterp KR, Van Hock B, Swart GR and

Stockbrügger RW (abstr.): Influence of the pattern of food intake on energy expenditure

and substrate metabolism in patients with liver cirrhosis. Ncth J Mcd (in press)

Verboeket-van de Venne WPHG. Westerterp KR. Van Hock B and Swan GR: Habitual

pattern of food intake in patients with liver disease (submitted for publication)

Verboeket-van de Venne WPHG. Westerterp KR. Van Hock B and Swart GR: Energy

expenditure and substrate metabolism in patients with cirrhosis of the liver: Effects of the

pattern of food intake (submitted for publication)

Westerterp KR. Verboeket-van de Venne WPHG. Meijer GAI. and Ten Hoor F (1992):

Self-reported intake as a measure for energy intake: A validation against doubly labelled

water. In: Obesity in Europe "91, ed Ailhaud G et a!., pp. 17-22

137



1O.0O 12.00 h

5

o DATAWVSEI Universitaire Pers Maas»*.




