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Occasional physical inactivity combined with a high-fat diet may
be important in the development and maintenance of obesity in

human subjects’3

Trudy Y Shepard, Kathleen M Weil, Teresa A Sharp, Gary K Grunwald, Melanie L Bell, James O Hill, and Robert H Eckel

ABSTRACT

Background: A better understanding of the environmental fac-
tors that contribute to obesity is imperative if any therapeutic
effect on the increasing prevalence of overweight and obesity in
the United States is to be achieved.

Objective: This study examined the effect of the interaction of diet
composition and physical inactivity on energy and fat balances.
Design: Thirty-five normal-weight and obese subjects were ran-
domly assigned to either a 15-d isoenergetic high-carbohydrate
(HC) or high-fat (HF) diet according to a crossover design. Dur-
ing the first 14 d, body weight and physical activity were main-
tained. On day 15, subjects spent 23 h in a whole-room indirect
calorimeter and were fed a diet similar to that consumed during
the previous 7 d while remaining physically inactive.

Results: Energy intakes required to maintain body weight stability
during the first 14 d were similar between diets. Normal-weight
and obese subjects consuming both diets had a positive energy bal-
ance on the sedentary day (day 15), suggesting that subjects were
less active in the calorimeter. There was no significant effect of diet
composition on total energy balance and total protein-energy bal-
ance on day 15; however, carbohydrate balance was more positive
with the HC (2497.8 £ 301.2 kJ) than with the HF (1159 + 301.2
kJ) diet (P = 0.0032). Most importantly, fat balance was more pos-
itive with the HF (1790.8 £ 510.4 kJ) than with the HC
(—62.8 £510.4 kJ) diet (P = 0.0011).

Conclusion: Chronic consumption of a high-carbohydrate diet
could provide some protection against body fat accumulation in
persons with a pattern of physical activity that includes frequent
sedentary days. Am J Clin Nutr 2001;73:703-8.

KEY WORDS Obesity, energy metabolism, energy balance,
fat balance, weight regulation, physical inactivity, high-fat diet

INTRODUCTION

On the basis of guidelines adapted recently for body weight
and health (1), overweight [body mass index (BMI; in kg/m?):
25-30] and obesity (BMI > 30) are now more common in the
United States than is normal body weight (BMI < 25). The inci-
dence of obesity increased dramatically over the past several
decades (1). This increase has substantial health and economic
implications that promise to burden the United States and many
other developed and developing countries (1, 2).

Although there have been advances in the human genetics of
obesity, researchers cannot blame genetics for the dramatic 20%
increase in obesity that has occurred over the past decade (1).
Therefore, other factors, such as physical inactivity and exces-
sive energy intake (EI), are clearly contributory, indicating an
urgent need to clarify and modify these factors. Many studies
have reported the effects of diets high in fat with those low in fat
on EI, energy expenditure (EE), and energy and nutrient bal-
ances (1, 3-6). In general, results suggest that obesity is more
likely to occur in persons who eat a diet chronically high in fat
than in those who eat a diet chronically low in fat (3, 7-11), per-
haps because of the increased likelihood of overeating by those
who consume diets high in fat (3, 5, 7, 12). However, several of
these studies were conducted in subjects who maintained a con-
stant physical activity level, a situation not likely to occur over
time in many people. The purpose of this study was to examine
the way in which habitual diet composition affected energy and
fat balance on a day in which individuals were sedentary.
Although the effects of high-fat diets and physical inactivity
have been studied separately, the effects of both combined have
rarely been studied, yet we believe that many US adults consume
high-fat diets and are physically inactive.

SUBJECTS AND METHODS

Subjects

After the protocol was approved by the Colorado Multiple
Institutional Review Board and the Scientific Advisory Committee
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of the General Clinical Research Center (GCRC) at the Univer-
sity of Colorado Health Sciences Center (UCHSC), 22 normal-
weight subjects (8 women, 14 men) and 14 obese subjects
(8 women, 6 men) gave their informed consent and were enrolled
in the study. The subjects were between 25 and 34 y of age
(x £ SEM: 29 £ 1 y), were at their maximum BMI (normal
weight: 21.7 £ 0.5; obese: 33.1 £ 1.9), and had been weight-
stable for 23 mo before enrollment. Each potential subject was
given The Diet Habit Survey (13) to determine an estimate of the
free-living diet composition at the time of screening.

Results of the screening laboratory tests were within normal
limits for each individual and included urinalysis, complete blood
counts, determination of liver and renal function, and measurements
of serum electrolytes, fasting glucose, and thyroid-stimulating
hormone. Fasting lipid concentrations, including triacylglycerol,
cholesterol, HDL cholesterol, and LDL cholesterol were also
within normal ranges. None of the subjects were taking medica-
tions that would affect lipid or carbohydrate metabolism.

Procedures

Each subject was admitted to the GCRC at the UCHSC on day
0 of the study protocol, at which time a fasting blood sample was
drawn for measurements of serum glucose and insulin concen-
trations. At breakfast on day 0, the subjects began either a high-
carbohydrate (HC) or high-fat (HF) mixed-food diet. Subjects
were randomly assigned to either the HC or the HF diet on their
first visit (day 0). Initial estimates were made of individual daily
energy requirements for maintenance of admission weight, but
the actual energy consumed was adjusted daily over the first 7 d
to achieve weight stability. Individual daily EI remained
unchanged over the last 7 d of each feeding period. The first diet
(phase 1) was administered for 14 d, followed by a 23-h seden-
tary stay in a whole-room indirect calorimetry chamber on day
14. The subjects then were discharged for a 4-6-wk washout
phase under free-living conditions, during which time they
returned to the outpatient clinic once a week for weight meas-
urement to determine weight stability. The washout phase was
followed immediately by admission to the GCRC to begin the
alternate experimental diet. The second diet (phase 2) also lasted
14 d and was followed by another 23-h sedentary stay in the
whole-room indirect calorimetry chamber on day 14. Each diet
was provided as 3 meals/d plus snacks by the metabolic kitchen
of the GCRC. Breakfast had to be eaten every morning at the
GCRC after measurement of body weight. The other 2 daily
meals and snacks were prepared and packed up by the kitchen
personnel and eaten by the subjects at a time of their choosing.
Subjects were instructed to not consume any additional foods or
drinks and to bring back to the GCRC any foods not consumed.
Scheduling was designed to optimize the chances of studying
each woman in the same phase of the menstrual cycle.

The HC diet provided 55% of energy as carbohydrate, 25% as
fat, and 20% as protein; the HF diet provided 30% of energy as
carbohydrate, 50% as fat, and 20% as protein. Daily EI was
determined for each subject in kilocalories and converted to kilo-
joules by multiplying by 4.184. To maintain the admission
weight, daily EI was controlled for by using approximate basal
EE and self-reported physical activity levels. Subjects were
encouraged to maintain their usual physical activity levels during
the 14-d diet periods. Body weight was monitored daily and Els
were changed as necessary to maintain weight stability over the
duration of each diet period. Body weight on day O of phase 1

was used as the goal weight for both diet phases. Diets were
nutritionally adequate and matched for the ratio of polyunsatu-
rated to saturated fat (=0.3:1.0), total fiber content (14-18 g),
and total cholesterol content (=0.36 mg/kJ). An alcohol intake
of 40 g/wk was factored into the energy prescription.

Whole-room indirect calorimetry chamber

At 0800 on the morning of day 14 of each diet phase, and after
a 12-h overnight fast, subjects entered the whole-room indirect
calorimetry chamber at the GCRC for an uninterrupted 23-h
period. Subjects were provided no planned activities during the
calorimetry stay and were essentially sedentary; they were
allowed to read, write letters, and watch television. The experi-
mental diet (HC or HF) consumed in the calorimeter provided
the same daily isoenergetic content as consumed during the pre-
ceding 7 d. All urine output was collected over the 23-h period
for measurement of urinary nitrogen. All subjects exited the
chamber at 0700 on day 15.

The whole-room indirect calorimetry chamber at the GCRC is
a small room (2.6 X 3.4 m) that contains a desk, a toilet, a tele-
phone, a futon couch that unfolds into a bed, and a television
with a video cassette recorder; the room is connected by phone
to the nurses’ station. An air lock allows food and other articles
to be passed to the subjects while they are inside the chamber
without disruption to the internal environment of the chamber.

The chamber functions as an open-circuit indirect calorimeter
in which fresh air is drawn through the room by use of a com-
puter-controlled blower system (Ametek Electromechanical
Group, Kent, OH). The precise volume of air exchange is meas-
ured with a flow transducer with laminar flow element (Teledyne
Brown Engineering, Hampton, VA). The difference in oxygen
and carbon dioxide concentrations between air entering the
chamber and air exiting the chamber was measured by using
Hartman and Braun (Frankfurt, Germany) oxygen (Magnos 4 G)
and carbon dioxide (Uras 3 G) analyzers. Calibration gases were
made by mixing fresh air with nitrogen (with the oxygen ana-
lyzer) or carbon dioxide (with the carbon dioxide analyzer) with
a Digimax mixing pump (Wosthoff OHG, Bochum, Germany).
Oxygen consumption (VO,) and carbon dioxide production
(VCOz) were determined from the flow rate and the differences
in gas concentrations between entering and exiting air. Values
were corrected for barometric pressure, ambient temperature,
and humidity. EE was calculated from VO, and nonprotein respi-
ratory quotients (RQ = VCO, produced/VO, consumed) (14). The
operation of the chamber was controlled by personal computer
by using a software program written in MS Visual C/C++
(Microsoft, Redmond, WA). The program was based on calcula-
tions originally described by Jequier et al (14). Values for all
indexes were averaged over 1-min intervals and recorded in
1-min intervals in a raw (ASCII) data file. Computed values for
each variable were subsequently determined and recorded at
30-min intervals only. Data from the 23-h chamber stay were
then extrapolated to a complete 24-h period. The accuracy and
precision of this whole-room indirect calorimeter design was
established previously by Hill et al (15).

Data collected during the chamber stay for both diets
included 24-h RQ, 24-h EI, and 24-h EE. Energy balance for the
24-h period was calculated as the arithmetic difference between
24-h EI and 24-h EE. For each macronutrient substrate (carbo-
hydrate, fat, and protein), 24-h determinations of intake and expen-
diture were made in grams and converted to kcal (carbohydrate
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TABLE 1
Baseline characteristics of subjects’
Normal weight Obese

Women (n = 8) Men (n = 13) Women (n = 8) Men (n = 6)
Age (y)? 279+13 28.7%0.7 318+ 1.1 31.7+14
Weight (kg)? 574+20 75.5+£2.5 99.1£9.9 99.1+64
BMI (kg/m?)? 20.2+0.5 22.6 £ 0.6 359+3.0 294+1.0
RMR (kJ/d)>* 5586 + 255 7740 + 209 8075 £ 824 8832 +322
RQ, fasting 0.81 £0.02 0.82 £0.02 0.78 £ 0.02 0.79 £0.02
Glucose (mmol/L) 47102 49+0.1 50%0.2 5.1+£0.2
Insulin (pmol/L)? 359+£5.0 409+3.6 109.8 £23.7 111.2+43.8

Least-squares means + SEMs. RMR, resting metabolic rate; RQ, respiratory quotient (carbon dioxide production/oxygen consumption). To convert
RMR in kJ to kcal, divide by 4.184; to convert glucose in mmol/L to mg/dL, divide by 0.05551; to convert insulin in pmol/L to U/mL, divide by 7.175.

2Significant difference between normal-weight and obese subjects (adjusted for sex), P < 0.05.
I Significant interaction (significantly different group effect for men and women), P < 0.05.
“Significant difference between men and women (adjusted for group), P < 0.05.

X 4 kcal/g, fat X 9 kcal/g, and protein X 4 kcal/g). Carbohydrate
and fat expenditure were determined from total EE and the non-
protein RQ (14), and protein expenditure was determined from
24-h urinary nitrogen excretion (16). For each substrate, 24-h
balance was calculated as the difference between 24-h intake and
24-h expenditure.

Laboratory procedures

Serum insulin concentrations were measured by radio-
immunoassay (17). Total urinary nitrogen was measured by
pyrochemiluminescence (16) with the Antek nitrogen analyzer
system (15).

Data analysis

Analysis of variance (ANOVA) was used to test for differences
in subject characteristics at baseline between groups and sexes to
test the hypotheses that there would be no significant differences in
metabolic outcome variables between the HC and HF diet groups.
We used repeated-measures ANOVA to compare the effects of the
diets, which was appropriate for our crossover design because
measurements were made during both diets. Main effects and inter-
actions for diet, group (normal weight and obese), and sex were
used for each ANOVA (except at baseline, which did not involve
diet). Backward selection was used to test for interactions. (For
example, a diet X group interaction would indicate that the diet had
a different effect in normal-weight and obese subjects). Interactions
were removed from the models if they were not significant. Main
effects were left in all models to adjust for the imbalance in subject
numbers between groups and sexes. All means were adjusted for
group and sex to account for this imbalance by using general linear
model least-squares means and the results are reported as least-
squares means = SEMs; o = 0.05 was used as the cutoff for signi-
ficance. Analyses were done by using PROC MIXED in SAS (ver-
sion 6.12, 1997; SAS Institute Inc, Cary, NC).

RESULTS

Baseline data on the day of admission for men and women in
both groups are shown in Table 1. The normal-weight group con-
sisted of 8 women and 13 men and the obese group consisted of
8 women and 6 men. The normal-weight group was slightly
younger than the obese group (28.3 + 0.7 compared with
31.7 £ 0.8 y; P = 0.003) and there was no significant difference

or interaction between men and women. By study design, the nor-
mal-weight group weighed significantly less than did the obese
group (67.3 £ 3.6 compared with 99.9 + 4.4 kg; P < 0.0001) and
there was no significant difference or interaction between men
and women. BMI was lower in normal-weight than in obese sub-
jects, significantly more so in women. Because of their lower body
mass, particularly lean mass, the normal-weight group had a signi-
ficantly lower resting metabolic rate than did the obese group
(6732 293 compared with 8510 £ 356 kJ/d; P =0.0007). The RQ
at baseline (while subjects were consuming a free-living diet) was
not significantly different between the normal-weight and obese
groups (0.81 £ 0.01 compared with 0.78 + 0.02, respectively). The
obese group was hyperinsulinemic compared with the normal-
weight group (110.5 + 14.4 compared with 38.7 = 12.2 pmol/L;
P = 0.0006), but fasting serum glucose concentrations were not
significantly different between the groups (normal weight:
4.8 £ 0.1 mmol/L; obese: 5.1 £ 0.1 mmol/L).

At baseline, the percentage of dietary fat intake in the normal-
weight group was estimated on the basis of the Diet Habit Sur-
vey (13) to be 28 + 1%. The weight to be maintained for the
8 normal-weight women was 57.4 + 2.0 kg and for the 13 nor-
mal-weight men was 75.8 + 2.3 kg. There was no significant dif-
ference between the HC and HF diets in the amount of energy
required daily by normal-weight subjects to maintain weight in
the week preceding the chamber stay (HC diet: 14526 + 962 kJ/d;
HF diet: 14037 £ 1029 kJ/d). Weight stability in the normal-
weight subjects was achieved over each diet phase (phase 1:
58.3 £ 1.9 kg in women and 76.6 £ 2.3 kg in men; phase 2:
57.7 £ 2.0 kg in women and 76.4 £ 2.5 kg in men).

At baseline, the percentage of dietary fat intake in the obese
group was estimated (13) to be 33 * 2%. The weight to be main-
tained for the 8 obese women was 99.1 = 9.9 kg and for the 6 obese
men was 99.1 + 6.4 kg. There was no significant difference between
the HC and HF diet groups in the amount of energy required daily
by obese subjects to maintain weight in the week preceding the
chamber stay (HC diet: 14510 + 1050 kJ/d; HF diet: 14569 £ 1188
kJ/d). Weight stability was achieved by the obese subjects over each
diet phase (phase 1: 99.5 £ 9.7 kg in women and 100.1 + 6.5 kg in
men; phase 2: 99.7 £ 9.8 kg in women and 99.3 + 6.5 kg in men).

Twenty-four—hour total energy and substrate intakes, expendi-
tures, and balances are shown in Table 2. On the basis of two-way
repeated-measures ANOVA, there were no significant interactions
in expenditures and balances between the diet groups, the weight
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TABLE 2
Twenty-four-hour whole-room indirect calorimeter data on day 15’
HC diet HF diet HC — HF
Energy (kJ/d)
Intake 13916 £ 506 13811 £ 506 105 £ 397
Expenditure 10577 + 351 9883 + 351 695 + 3312
Balance 3339 + 565 3929 £ 565 —590 + 481
Fat (kJ/d)
Intake 3615 +222 6937 + 222 —3322 +230°
Expenditure 3648 + 418 5180+ 418  —1536 + 4697
Balance —63 £ 510 1791 £510  —1854+519°
Carbohydrate (kJ/d)
Intake 7619 £ 218 4205 £218 3414 + 1977
Expenditure 5155+343 2929 + 343 2226 + 435°
Balance 2498 £ 301 1243 + 301 1255 +397¢
Protein (kJ/d)
Intake 2682 £ 100 2669 £ 100 13£75
Expenditure 1761 £ 92 1791 £ 92 —29£79
Balance 904 + 96 895 + 96 8+ 84
RMR (kJ/d) 7397 £ 230 7393 £ 230 4+167
RQ 0.87 £0.01 0.82 £ 0.01 0.05 £0.01°

Least-squares means + SEM; n = 35. HC, high-carbohydrate diet
(55% of energy as carbohydrate); HF, high-fat diet (50% of energy as fat);
RMR, resting metabolic rate; RQ, respiratory quotient (carbon dioxide pro-
duction/oxygen consumption). To convert kJ/d to kcal/d, divide by 4.184.

2P =0.0434.

3P =0.0001.

4P =0.0025.

2P =0.0011.

°P =0.0032.

groups, or sex, except for protein expenditure (diet X group
interaction, P = 0.03). This finding indicated little or no differ-
ence in responses to the HC and HF diets by the obese and nor-
mal-weight subjects or by men and women. (When substrate
intake data and sex were compared and analyzed, a significant
interaction was noted for fat and carbohydrate intakes, but this
was a result of the study design and not a result of the outcomes;
therefore, the interaction was not of direct interest and was not
discussed further.) Therefore, the diet effects for men and
women and for normal-weight and obese subjects were com-
bined. Means for the HC and HF diets were adjusted for group
and sex to account for the imbalance in the numbers of subjects.

By day 15 of both diets, subjects were in positive energy bal-
ance (Table 2, Figure 1) because they were sedentary during the
chamber stay (HC and HF diet: P = 0.0001). There was no signi-
ficant difference in energy balance between the diet groups (Fig-
ure 1). By design, fat intake was greater during the HF diet than
during the HC diet. Fat expenditure and fat balance were also
greater during the HF diet than during the HC diet. Carbohydrate
intake, expenditure, and balance were greater during the HC diet
than during the HF diet. The differences in expenditures of car-
bohydrate and fat were consistent with the observed differences
in 24-h RQ. No significant differences in protein expenditure or
balance were noted between diet groups.

After the combination of the HC diet and physical inactivity,
~50% of the subjects were in positive fat balance and =50%
were in negative fat balance (Figure 2). After the combination of
the HF diet and physical inactivity, =80% of all subjects were in
positive fat balance.

The 24-h resting metabolic rate was not significantly different
between diet groups. There was a marginally significantly lower

24-h EE after the HF diet than after the HC diet. When differ-
ences in EI between the diet groups were accounted for, there
was no significant difference in 24-h energy balance between the
diet groups. Thus, the highly significant difference in carbohy-
drate and fat balances between the 2 diet groups did not carry
over into significant differences in 24-h energy balance.

DISCUSSION

The results of the present study indicate the importance of con-
sidering the potential interaction of diet composition and physical
activity in the development and maintenance of obesity. Most pre-
vious research focused exclusively on the effects of one type of
diet or of physical activity (18) or examined diet composition and
physical inactivity independently, but few studies compared the
effects of a combination of a high-carbohydrate or high-fat diet
and physical inactivity. Whether or not the consumption of a
high-fat diet increases the risk of obesity depends, in part, on the
pattern of physical activity. Conversely, whether physical inactiv-
ity increases the risk of obesity depends, in part, on diet compo-
sition. A better understanding of these 2 factors—physical activity
and diet composition—and their relation may help explain why
obesity is so prevalent in the Western world, while allowing for
the fact that not everyone within that environment is obese.

The pattern examined in the present study (ie, maintenance of
the usual physical activity level for 2 wk followed by 1 d of inac-
tivity) is common in US adults and may contribute to cumulative
weight gain over the adult life span. In most people, obesity
develops slowly over time. Smith et al (18) showed that during
4 d of physical inactivity, normal-weight individuals main-
tained a positive fat balance with each day of inactivity. In the
present study, there was a net increase in fat balance of 1853 kJ
(443 kcal)/d, or =50 g. Thus, 2 d of inactivity per month would
result in a fat gain of >1.13 kg (2.5 Ibs)/y. It is important to note
that some subjects in the present study showed a positive fat bal-
ance even when ingesting the HC diet. However, the likelihood
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FIGURE 1. Total energy, fat, carbohydrate, and protein balances in
obese and normal-weight subjects after a 23-h stay in a whole-room
calorimeter (extrapolated to 24 h), during which subjects were physi-
cally inactive. Calorimetry measurements were performed on day 14 of
a high-carbohydrate diet ((J) and of a high-fat diet (H); no physical
activity restrictions were imposed during either diet. n = 35. “""Signifi-
cantly different from the HC diet: “P = 0.0011, *"P = 0.0032.
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FIGURE 2. Fat balance in obese (O) and normal-weight (A) sub-
jects after a 23-h stay in a whole-room calorimeter (extrapolated to
24 h), during which subjects were physically inactive. Calorimetry
measurements were performed on day 14 of a high-carbohydrate diet
and of a high-fat diet; no physical activity restrictions were imposed
during either diet. n = 35.

of a resultant positive fat balance was much greater with the
combination of physical inactivity and the HF diet than with the
combination of inactivity and the HC diet (Figure 2).

A high-fat diet is considered to be obesity-promoting only if
it promotes or produces positive energy and fat balances. The
results of the present study indicate that a high-fat diet can
influence fat balance produced by a day of physical inactivity
more than can a high-carbohydrate diet. Other studies suggest
that consumption of a high-fat diet can actually lead to positive
energy balance by increasing the incidence of overeating (3, 5,
7, 12). Because both the HC and HF diets in the present study
were isoenergetic, energy balance did not differ significantly. It
appears that the chances of being in positive energy balance
may be greater when the diet consumed chronically is high in
fat rather than high in carbohydrate. Although not tested in this
study, diet composition may be a less important determinant of
body weight in subjects who engage in a pattern of regular daily
physical activity than is commonly thought. In the study by
Smith et al (18), normal-weight persons who maintained a high-
fat diet (50% of energy as fat) and either a high or low physical
activity level had a positive fat balance on day 1 of physical
inactivity, which continued and actually increased by day 4.
However, fat balance decreased on day 1 of physical inactivity
and then increased over the next 4 d. Although the results of
Smith et al on day 1 of physical inactivity are similar to those
in the present study, Smith et al did not compare the effects of
a high-fat and high-carbohydrate diet in combination with phys-
ical inactivity.

The practical implication of our results is based on some
assumptions. Subjects were fed the same amount of energy in the
calorimetry chamber that they had consumed on each of the prior
7 d. This was done because human subjects may not reduce food
intake to compensate for low levels of physical activity on a sin-
gle day. However, this remains to be tested experimentally. In
addition, it was assumed that fat balance measured in the
calorimeter might predict subsequent accumulation of body fat

mass. This issue was addressed previously (12, 15) and it is rea-
sonable to assume that diets that promote the occurrence of days
with a positive fat balance may, in the long run, produce
increases in body fat mass. This excess body fat would remain
until a period of negative fat balance ensued, ie, expenditure of
excess body fat. Finally, it was assumed that a day of positive fat
balance would ultimately lead to a more permanent increase in
body fat mass than would a similar duration of positive carbohy-
drate balance (10, 12, 19-22).

The normal-weight and obese subjects in the present study
responded similarly to changes in diet composition and to the
combination of physical inactivity and diet composition. This sug-
gests that the effects of the environment on body weight regulation
were similar in normal-weight and obese subjects. Despite this
similarity, the variability in responsiveness of fat balance to both
the HF and HC diets suggests that some subjects might be more
prone than others to gain fat mass. This propensity for increased
fat mass during consumption of the HF diet may be further sub-
stantiated by the fact that fat expenditure was significantly lower
during the HF than during the HC diet. Interestingly, in the phys-
ically inactive normal-weight subjects of Smith et al (18), the
gradual daily increases in fat expenditure over a 4-d period were
insufficient to prevent daily positive fat balances from occurring.

In summary, the data from the present study indicate that a
typical pattern of consumption of an HF diet coupled with an
occasional day of physical inactivity may be highly conducive to
storage of body fat and, therefore, could be an important con-
tributor to increases in body weight in adults. It should be
emphasized that neither chronic consumption of a high-fat diet
nor physical inactivity alone necessarily leads to obesity. Rather,
each increases the probability that positive energy balance and
weight gain will occur. These results suggest that the combina-
tion of a high-fat diet and physical inactivity is more likely to
lead to obesity than is the combination of a high-carbohydrate
(low-fat) diet and physical inactivity. These data support the
need for interventions to reduce dietary fat and increase physical
activity to prevent obesity.

We thank the nurses, CORE laboratory technicians, and kitchen person-
nel of the GCRC for their professional assistance, and the personnel of JO
Hill’s laboratory and of the GCRC, who skillfully managed the whole-room
indirect calorimeter.

REFERENCES

1. Flegal KM, Carroll MD, Kuczmarski RJ, Johnson CL. Overweight
and obesity in the United States: prevalence and trends, 1960—1994.
Int J Obes Relat Metab Disord 1998;22:39-47.

2. Popkin BM, Doak CM. The obesity epidemic is a worldwide phe-
nomenon. Nutr Rev 1998;56:106—14.

3. Bray GA, Popkin BM. Dietary fat intake does affect obesity! Am J
Clin Nutr 1998;68:1157-73.

4. Thomas CD, Peters JC, Reed GW, Abumrad NN, Sun M, Hill JO.
Nutrient balance and energy expenditure during ad libitum feeding
of high-fat and high-carbohydrate diets in humans. Am J Clin Nutr
1992;55:934-42.

5. Tremblay A, Plourde G, Despres J-P, Bouchard C. Impact of dietary
fat content and fat oxidation on energy intake in humans. Am J Clin
Nutr 1989;49:799-805.

6. Tucker LA, Kano MJ. Dietary fat and body fat: a multivariate study
of 205 adult females. Am J Clin Nutr 1992:56:616-22.

7. Schutz Y, Flatt JP, Jequier E. Failure of dietary fat intake to promote
fat oxidation: a factor favoring the development of obesity. Am J
Clin Nutr 1989:;50:307-14.

9T0Z ‘2T aunr uo 1sanb Aq 610 uonuinu-uale woiy papeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

708

8.

10.

11.

15.

SHEPARD ET AL

Astrup A, Buemann B, Western P, Toubro S, Raben A, Christensen
NIJ. Obesity as an adaptation to a high-fat diet: evidence from a
cross-sectional study. Am J Clin Nutr 1994;59:350-5.

. Zurlo F, Lillioja S, Espito-Del Puente A, et al. Low ratio of fat to

carbohydrate oxidation as predictor of weight gain: study of 24-h
RQ. Am J Physiol 1990;259:E650-7.

Swinburn BA, Ravussin E. Energy balance or fat balance? Am J
Clin Nutr 1993;57(suppl):766S-71S.

Astrup A. macronutrient balances and obesity: the role of diet and
physical activity. Publ Health Nutr 1999;2:341-7.

. Horton TJ, Drougas H, Brachey A, Reed GW, Peters JC, Hill JO. Fat

and carbohydrate overfeeding in humans: different effects on energy
storage. Am J Clin Nutr 1995;62:19-29.

. Connor SL, Gustafson JR, Sexton G, Becker N. The Diet Habit Sur-

vey: a new method of dietary assessment that relates to plasma cho-
lesterol changes. J Am Diet Assoc 1992;92:41-7.

. Jequier E, Acheson KIJ, Schutz Y. Assessment of energy expenditure

and fuel utilization in man. Annu Rev Nutr 1987;7:187-208.

Hill JO, Peters JC, Reed GW, Schlundt DG, Sharp T, Greene HL.
Nutrient balance in humans: effects of diet composition. Am J Clin
Nutr 1991;54:10-7.

16.

17.

18.

19.

20.

21.

22.

Skogerboe KJ, Labbe RF, Rettmer RL, Sundquist JP, Gargett AM.
Chemiluminescent measurement of total urinary nitrogen for
accurate calculation of nitrogen balance. Clin Chem 1990;36:
752-5.

Desbuquois B, Aurbach GD. Use of polyethylene glycol to separate
free and antibody-bound peptide hormones in radioimmunoassays.
J Clin Endocrinol Metab 1971;33:732-8.

Smith SR, de Jonge L, Zachwieja JJ, et al. Concurrent physical
activity increases fat oxidation during the shift to a high-fat diet.
Am J Clin Nutr 2000;72:131-8.

Diaz EO, Prentice AM, Goldberg GR, Murgatroyd PR, Coward
WA. Metabolic response to experimental overfeeding in lean
and overweight healthy volunteers. Am J Clin Nutr 1992;56:
641-55.

Flatt JP. Use and storage of carbohydrate and fat. Am J Clin Nutr
1995;61(suppl):952S-9S.

Flatt JP. Dietary fat, carbohydrate balance, and weight maintenance.
Ann N'Y Acad Sci 1993;683:122-40.

Ravussin E, Swinburn BA. Pathophysiology of obesity. Lancet
1992;340:404-8.

9T0Z ‘2T aunr uo 1sanb Aq 610 uoniuinu-uale woly papeojumoq


http://ajcn.nutrition.org/

