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The adaptation of nutrient oxidation 
to nutrient intake on a high-fat diet 

Anpassung der Niihrstoffoxida- 
tion an die Niihrstoffaufnahme 
bei einer Hochfettdi~it 

Summary Intervention studies 
have shown that the adaptation of 
fat oxidation to fat intake, when 
changing the dietary fat content, is 
not abrupt. This study was 
conducted to measure the time 
course of adaptation of oxidation 
rates to increases in the fat content 
of the diet, when feeding subjects 
at energy balance. Twelve 
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healthy, non-obese males and 
females (age: 26 _+ 2, BMI: 21.4 _ 
0.5, habitual fat intake: 29 + 1 %  
energy) consumed a low-fat diet 
for 6 days (day 1-6) followed by a 
high-fat diet for 7 days (day 
7-13). Days 5-9 and day 13 were 
spent in a respiration chamber. 
After adjusting energy intake to 
24h energy expenditure on day 5, 
subjects were in energy balance 
(range -0.15 to +0.23 kJ/day) on 
days 6-9 and day 13. Fat balance 
was zero on day 6 but became 
positive after changing to the 
high-fat diet (1.06 _+ 0.15, 0.75 + 
0.15, and 0.55 +- 0.14 MJ/day for 
days 7, 8, and 9 respectively, p. < 
0.05), reaching a new balance on 
day 13, 7 days afterwards. 
Thus, in case of energy balance, 
lean subjects are capable of 
adjusting fat oxidation to fat intake 
within 7 days, when dietary fat 
content is increased. 

Zusammenfassung Untersuchun- 
gen haben gezeigt, dag die Anpas- 
sung der Fettoxidation an die Fett- 
aufnahme, wenn )~nderungen im 
Nahrungsfettgehalts vorgenommen 
werden, nicht abrupt geschieht. In 
dieser Untersuchung wurde der Zeit- 
verlauf der Anpassung der Oxida- 
tionraten bei VergrOBerung des 
Nahrungsfettgehalts im Ener- 
giegleichgewicht gemessen. Zw61f 
gesunde, nicht tibergewichtige 

m~nnliche und weibliche Proban- 
den (Alter: 26---2, BMI: 21,4+-0,5, 
gewohnheitsmN3ige Fettaufnahme: 
2 9 + 1 %  Energie) erhielten tiber 6 
Tage eine Niedrigfettdifit (Tag 1- 
6). Anschliegend folgte eine 7t~gi- 
ge Hochfettdi~it (Tag 7-13). W~h- 
rend der Tage 5-9 und 13 
befanden sich die Probanden in ei- 
ner Respirationskammer. Nach Ein- 
stellung der Energieaufnahme auf 
den 24h-Energiebedarf am Tag 5, 
waren die Probanden im Ener- 
giegleichgewicht (-0,15 + 0,23 
kJ/d) w~hrend der Tage 6-9 und 
13. Die Fettbilanz war am Tag 6 
ausgeglichen, wurde aber positiv 
nach Umstellung auf Hochfettdi~t 
(1,06 _+0,15, 0,75+0,15; 0,55+0,14 
MJ/d ftir die Tage 7, 8 und 9 (p < 
0.05) und erreichte nach 7 Tagen 
ein neues Gleichgewicht (Tag 13). 
SchluBfotgernd kann gesagt wet- 
den, dab im Falle des Ener- 
giegleichgewichts, schlanke Perso- 
nen in der Lage sind, die 
Fettoxidation innerhalb von 7 Ta- 
gen an die Fettaufnahme anzupas- 
sen, wenn der Nahrungsfettgehalt 
erh6ht wird. 
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Introduction 

For both protein and carbohydrate it has been shown that 
the rate of oxidation is well adjusted to intake (I). How- 
ever, fat balance is poorly regulated and positive or nega- 
tive energy balances (= energy intake minus energy ex- 
penditure) are accommodated by gains or losses of fat 
(2). Flatt (3) proposed a model, in which he states that, 
when the dietary fat content increases, fat oxidation can 
be raised by two mechanisms: 1) glycogen concentration 
can be maintained in a lower range, leading to lower 
glucose and insulin concentrations between meals, and 
hence higher fatty acid concentrations and higher rates 
of fat oxidation and/or 2) expansion of the adipose tissue 
mass which leads to enhanced fatty acid oxidation. In 
affluent societies with a surplus of food available, it is 
most likely that, on a high-fat diet, food intake will be 
increased to maintain filled glycogen stores. However, 
when energy intake is fixed, rapid shifts in substrate 
oxidation on a high-fat diet have been demonstrated (4). 
To our knowledge no studies have been reported which 
measured both acute and long term adaptation of sub- 
strate oxidation to alterations in diet composition. We, 
therefore, measured substrate oxidation on a habitual 
(low-fat) diet and subsequently the adaptation to a high- 
fat diet during 7 days, while feeding subjects in energy 
balance. We hypothesized that complete adaptation to the 
changed fat content of the diet can occur within a few 
days. 

Subjects and methods 

Twelve healthy, non-obese males and females (age: 
26+_2 yrs, BMI: 21.4 + 0.5 kg/m2, habitual fat intake: 29 
_+ 1 %  energy) participated in this study. Subjects con- 
sumed a low-fat diet for days 1 to 6, followed by a 
high-fat diet for days 7 to 13. On days 5-9 and day 13, 
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subjects stayed in the respiration chamber. Low fat diets 
consisted of 30 % energy as fat, 55 % energy as carbo- 
hydrate, and 15 % energy as protein. High-fat diets con- o es. 
sisted of 60 % energy as fat, 25 % energy as carbohy- 
drate, and 15 % energy as protein. On the days spent at 0.86- 
home, subjects were free to eat as much as they wanted. 
In the respiration chamber subjects were fed at energy 0.84- 
balance. 

Subjects weighed themselves every morning during 
their stay in the respiration chamber, after voiding and 0.82- 
before eating and drinking. Measurements were done on 
a digital balance (Seca delta, model 707) accurate to 0.1 0.e0- 
kg. Oxygen consumption and carbon dioxide production 
was measured in a whole-room indirect calorimeter, 0.78 
which was described previously (5). Energy expenditure 0 
was calculated from 02 consumption and CO2 production 
according to the method of Weir (6). 24h energy expen- 
diture (24h EE) and 24h RQ were calculated from 8:00 

am to 8:00 am. Carbohydrate, fat and protein oxidation 
were calculated using O2consumption, CO2production, 
and urinary nitrogen losses with the equations of Brouwer 
(7). 24h urine was collected from 8:00 am to 8:00 am. 
Samples were collected in containers with 10 ml H2SO4 
to prevent nitrogen loss through evaporation; volume and 
nitrogen concentration were measured, the latter using a 
nitrogen analyzer Heraeus, type CHN-O-Rapid). 

Results 

There, were no significant differences in body weight 
between day 5 to 9. A slight but significant decline in 
body weight of 0.62 + 0.21 kg was observed between 
day 9 and day 13 (p < 0.05). 

24h RQ and FQ are presented in Fig. 1. On day 5 and 
6, RQ and FQ were not significantly different. Between 
days 7 and 13, 24h RQ declined significantly (p < 0.005), 
resulting in an equality of RQ and FQ on day 13. 

On day 5 (first day in the respiration chamber ) a 
significantly negative energy balance was found. After 
individual adjusting of energy intake to energy require- 
ment, energy balance was not significantly different from 
zero on days 6-9 and day 13. Protein balance was not 
significantly different from zero during the measurement 
days (Fig. 2). Carbohydrate oxidation was not signifi- 
cantly different between days 5 and 6. Carbohydrate oxi- 
dation declined significantly between day 6 and 13 
(p < 0.001). This resulted in a significantly negative car- 
bohydrate balance on days 7, 8, and 9. On day 5 and 6, 
as well as on day 13 carbohydrate balance was not sig- 
nificantly different from zero (Fig. 2). There were no 
significant differences in fat oxidation between day 5 and 
6. However fat oxidation raised significantly between day 
6 and 13 (p < 0.001). Fat balance was significantly 
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Fig. 1 24-h respiratory quotients and 24-h food quotients as mea- 
sured in the respiration chamber for days 5-9 and day 13 (mean + 
s . e . m . )  
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Fig. 2 Substrate balances for days 5-9 and day 13 as measured in 
the respiration chamber (mean -+ s.e.m.) 

negative on day 5, whereas on days 7, 8, and 9 a positive 
fat balance was reached. On day 6 as well as on day 13 
fat balance was not significantly different from zero 
(Fig. 2). 

Discussion 

This study demonstrated that the body has a great capac- 
ity to adjust substrate oxidation to substrate intake on the 
long term for protein, carbohydrate, and fat. Earlier stu- 
dies could not demonstrate such an adaptation to a high- 
fat diet, probably because their subjects were not in 
energy balance. In contrast to other studies, in this ex- 
periment subjects were permanently in the chamber dur- 
ing the dietary switch and the subsequent days. During 
the stay in the respiration chamber 24h energy expendi- 
ture was virtually constant, which made it possible to 
adjust energy intake to energy expenditure. Therefore, we 
were able to measure substrate oxidation with subjects 
being in energy balance during their stay in the respira- 
tion chamber. After three days on the high-fat diet RQ 
was shifted towards FQ, and seven days after the start of 
the high-fat diet (day 13) RQ and FQ were not signifi- 
cantly different. The results show that human subjects 

have a capacity to adjust RQ to FQ in 7 days. Theoreti- 
cally, the adaptation period under conditions of energy 
balance might be somewhat longer, because our data on 
body weight suggest that subjects were in a negative 
energy balance on the three days spent at home, which 
may have accelerated adaptation to the high fat diet. 

In regulating substa'ate oxidation, the effect of glyco- 
gen content should be considered. According to Flatt's 
model (3) fat oxidation can be raised on high-fat diets 
by maintaining glycogen concentrations in a lower range. 
In our study we found a positive fat balance and a 
negative carbohydrate balance from days 7 to 9. The 
negative carbohydrate balance (on average -142 g be- 
tween day 5 and 9) must have resulted in reduction of 
the glycogen stores, which was however not detectable 
in body weight. It, therefore seems that glycogen content 
of the body decreased until a new concentration was 
reached in which fat oxidation was sufficiently elevated 
to become in equilibrium with the elevated fat intake. 
However, it is also possible that fat oxidation was 
elevated because of increased enzymatic capacity for fat 
oxidation which occurred because of the exposure to the 
high-fat diet. Further studies are necessary to investigate 
the role of glycogen content in the regulation of fat 
oxidation in a situation of energy balance. 

We demonstrated that normal-weight persons were 
able to reach substrate balance on a high-fat diet after 
one week. However, on the short term substrate balances 
could not be maintained. We can not conclude from these 
results whether obese or obese susceptible people would 
have the same capacity to maintain body weight on high- 
fat diets. Ample evidence exists that (pre-, post-) obese 
people have a diminished fat oxidation capacity (8). It is 
also possible that in obese (susceptible) persons the time 
course of adjusting fat oxidation to increased fat intake 
is delayed (9). This will result in amounts of fat storage 
and glycogen mobilization, which are greater in obese 
(susceptible) people. Therefore, obesity might result from 
cumulative positive fat balances due to day to day fluc- 
tuations in fat intake as will occur in affluent societies, 
where food is always available ("party effect"). 

In conclusion, our results demonstrate that, in case of 
energy balance, lean subjects are capable of adjusting fat 
oxidation to fat intake within 7 days, when dietary fat 
content is increased. 
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