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Abstract

A systematic reappraisal of the thermic effect of food was done
in lean and obese males randomly fed mixed meals containing
0, 8, 16, 24, and 32 kcal/kg fat-free mass. Densitometric anal-
ysis was used to measure body composition. Preprandial and
postprandial energy expenditures were measured by indirect
calorimetry.

The data show that the thermic effect of food was linearly
correlated with caloric intake, and that the magnitude and du-
ration of augmented postprandial thermogenesis- increased lin-
early with caloric consumption. Postprandial energy expendi-
tures over resting metabolic requirements were indistinguish-
able when comparing lean and obese men for a given caloric
intake. Individuals, however, had distinct and consistent ther-
mic responses to progressively greater caloric challenges.
These unique thermic profiles to food ingestion were also inde-
pendent of leanness or obesity.

Weconclude that the thermic effect of food increases lin-
early with caloric intake, and is independent of leanness and
obesity.

Introduction

By current estimates, one in five citizens in the U. S. A. is
overweight (1). The association of obesity with a variety of
disease states, especially cardiovascular diseases (2-4) and dia-
betes mellitus (1, 5), has added impetus to efforts to under-
stand the etiological factors of this condition. Although energy
balance has been well studied, the development of conclusive
explanations for the genesis and maintenance of obesity has
remained elusive.

There are several physiologic states which are known to
influence energy expenditure. The postprandial rise in caloric
expenditure and its relationship to obesity have been the sub-
ject of intensive studies in the last decade. Numerous studies
have shown that the thermic effect of food (TEF)' is blunted in
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obese subjects (6-20). The authors of these reports claimed
that because fewer nutrients were oxidized by obese humans,
relatively more nutrients were stored by obese than lean people
per caloric intake. They considered obese individuals to be
metabolically more efficient than lean people during the post-
prandial period, thus promoting obesity. Others, however,
found no defect of TEF in obese humans (21-32). Table I
summarizes these conflicting studies. Overall, the discrepan-
cies between these two groups of studies cannot be explained
by differences in the amounts or compositions of caloric chal-
lenges given, the duration of the studies, or the definitions of
TEF. The lack of consensus among investigators has not been
resolved.

A factor that has not been consistently considered in pre-
vious studies of TEF in obesity is the influence of the resting
metabolic requirements (RMR) on TEF. A given quantity of
nutrients may augment the increase in energy expenditure less
in heavy persons because their RMRare greater. Therefore,
comparing obese subjects with lean controls, using equal ca-
loric challenges, may give the false impression that the TEF is
less in the obese.

Because of this controversy in such an important domain
of postprandial metabolism, we believed that a systematic re-
appraisal of TEF in lean and obese humans was needed. We
fed normal lean and obese male volunteers a series of mixed
meals, with the caloric content based upon multiples of their
fat-free mass. This allowed us to account for differences in
their RMRand gave us the opportunity to study thermogen-
esis in response to varying caloric intakes.

Methods
Subjects. Five lean and five obese men were admitted to the General
Clinical Research Center at Temple University Hospital for the 5 d
inpatient study. The volunteers were informed of the study protocol
and purpose, and they gave written consent; the study was approved by
the Temple University Hospital Investigational Review Board. The
volunteers were in good health and free of any chronic medical illness.
Their physical and biochemical measurements are shown in Table II.
Both groups were comparably young. All had normal hemograms,
fasting plasma glucose concentrations, and thyroid, renal, and liver
functions. They had been eating balanced meals and had maintained
stable weights in the month before being studied. Their principal activ-
ities were approximately comparable from day to day. Professional
and/or world-class athletes were excluded.

The volunteers were weighed underwater for densitometric analysis
of body composition: fat-free mass and fat mass (33). Body mass in-
dexes (BMI) were calculated using admission weights (WT) and heights
(HT) (34).

Experimental design. Patients were admitted to the General Clini-
cal Research Center the night before starting the indirect calorimetry
studies. They were fed balanced meals with adequate calories and were

familiarized with the indirect calorimetry equipment. After an over-

night 11-12-h fast, the subjects voided urine and had an antecubital
vein cannulated for blood sampling; this line was maintained patent
with minimal infusions of saline. They remained resting in bed for 30
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Table L Compilation of Studies Comparing Thermic Effect of Food in Lean and Obese Subjects?

Reference no. Quantity and nature of caloric challenge Duration of study Definition of TEF

Thernic defect in obese subjects

6. 200 kcal, oral glucose 2.5 h %of RMR
7. ,850 keal, oral CHO/PRO 5 h Increase in Vo2 over baseline
8. 9.8 kcal/kg ideal body wt, mixed 2 h Increase in EE over RMR
9. 2,390 and 1,195 kcal/d, mixed with fat supplement 24 h Increase in EE over RMR

10. 400 kchl, oral glucose 3 h %of RMR
11. 400 kcal, fat 1.5 h Increase in Vo2 over baseline

%of caloric intake
12. 800 kcal, mixed 2 Increase in EE over RMR
13. 60% 24 h RMR, mixed 5 h %of RMR

%of caloric intake
14. 41.2 kcal/kg FFM, mixed 24 h %of RMR

%of caloric intake
15. 20% intravenous glucose infusion 30 min %of RMR
16. 910 kcal, mixed 20 min Increase in Vo2 over baseline
17. 400 kcal, oral glucose 3 h %RMR

%caloric intake
18. Intravenous glucose and insulin 40 min Increase in EE over RMR
19. 750 kcal, mixed 3 h Increase in Vo2 over baseline
20. 750 kcal, mixed 3 h Increase in Vo2 over baseline

No thermic defect in obese subjects

21. 100 g, oral glucose 3 h Change in glucose oxidation and storage
22. 5 g/kg ideal body wt, glucose and sucrose 3 h Increase in EE over RMR
23. 400 kcal, oral dextrose 3 h Increase in EE over RMR
24. 300 kcal, fat, PRO, or glucose 2.5 h Increase in EE over RMR

%of RMR
25. 1,050 kcal, mixed 24 h Increase over control
26. 800 kcal, mixed 3 h Increase in EE over RMR
27. 800 kcal, high CHO 6 h Increase in EE over RMR

high fat %calorc intake
28. Intravenous glucose and insulin 30 min Change in glucose oxidation and storage
29. 400 kcal, fat, PRO, or glucose 1.5 h %RMR

400 kcal, mixed Mean EE
Increase in EE over fasting

30. 11 kcal/kg, mixed 4-6 h Increase in EE over RMR
31. 300 kcal, oral glucose 2.5 h Increase in EE over RMR
32. Twice 3 h RMR, mixed 3 h infusion %RMR

intravenous or nasogastric tube 3 h after infusion %caloric intake

EE, energy expenditure; FFM, fat-free mass. * Modified from the presentation of E. Ravussin at the Joint Conference on Obesity and
NIDDM, Toronto 1985.

min before initiating the indirect calorimetric measurements and
throughout the 8-h postprandial period. The studies were done in a
quiet room where the temperature was 22-240C.

After determination of the RMR,subjects drank 500 ml of water or
mixed liquid meals (Ensure Plus: 53% carbohydrate, 32% fat, 15%
protein, Ross Laboratories, Columbus, OH) with volumes adjusted to
provide 8, 16, 24, or 32 kcal/kg fat-free mass. The five different intakes
over the 5-d study periods were randomized by the Latin Squares
technique (35). The volunteers consumed the mixed liquid meals
during a 0-min period, and then returned to a supine resting position
for further blood sampling and measuring of respiratory gases for the
next 8 h.

Measurements of 02 consumption and CO2production were ob-
tained at -15 and 0 min before feeding, every 15 min during the 1st
postprandial hour and every 30 min during the next 7 postprandial
hours. Measurements of 02 consumption and CO2 production were
made using a metabolic cart (Beckman Instruments, Inc., Anaheim,
CA) (30). The cart was calibrated with standardized gases and a 1,000-
ml syringe. Subjects breathed through the mouthpiece with the nose-
clip in place for 4-5 min to clear the machine of room air. After this
equilibration period, respiratory gases were analyzed continuously for
5-6 min with values of 02, C02, and ventilation recorded each mi-
nute. The specific values reported at each time period for 02 con-
sumption and CO2 production, standardized for temperature, pres-
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Table II. Physical Characteristics, RMR, Plasma Glucose and FFA Concentrations

Subject no. Age HT WT BMI FFMD FATMD RMR Glucose FFA

yr cm kg kg/rn kg kg kcal/min mg/dl ueq/liter

Lean subjects (BMI <25)

1 29 185 70.8 20.7 61.4 9.3 1.03 99 240

2 23 169 65.7 23.0 57.2 8.5 0.96 88 290

3 33 181 81.0 24.7 64.6 16.4 1.04 88 406

4 22 179 69.4 21.6 61.6 7.8 1.07 86 509

5 25 188 79.8 22.6 67.6 12.2 1.05 88 564

Mean 26 180 73.3 22.5 62.5 10.8 1.03 90 402

SEM 2 3 3.0 0.7 1.8 1.6 0.02 2 62

Obese subjects (BMI >30)

6 29 166 114.2 41.2 69.8 44.4 1.22 97 564

7 24 184 170.1 50.1 97.2 72.9 1.83 104 389

8 29 178 130.6 41.0 88.6 42.0 1.31 92 585

9 37 175 142.0 46.2 86.0 56.0 1.72 89 605

10 34 169 102.5 35.9 70.5 32.0 1.14 86 334

Mean 31 175 131.9 42.9 82.4 49.4 1.44 93 495

SEM 2 3 11.7 2.4 5.3 7.0 0.14 3 56

FFMD, fat-free mass by densitometry; FATMD, fat mass by densitometry; glucose, average of preprandial plasma glucose concentrations; FFA,

average of preprandial plasma free fatty acid concentrations.

sure, and moisture, represent the means of the five to six 1-min mea-
surements. Urinary nitrogen excretion rates were determined
preprandially and 2, 4, 6, and 8 h after nutrient intake, and were used
to calculate protein (PRO) oxidation rates (36). Nonprotein 02 con-
sumption, CO2 production, and the nonprotein respiratory quotient
were calculated from the formulae described previously (36). Nonpro-
tein calories per liter of 02 and amounts of carbohydrate (CHO) and
lipid (FAT) oxidized were derived from the tables of Lusk (36). Oxida-
tion of CHO, FAT, and PROfor the study period was summed by
computing the area under separate oxidation curves for 8 h.

Blood samples for measuring plasma glucose (analyzed with a glu-
cose analyzer; Beckman Instruments, Inc.) and plasma urea nitrogen
(37) were obtained at - 15 and 0 min before, and at 1/2, 1, 2, 3,4, 6, and
8 h after the test meals. Plasma concentrations of a-amino nitrogen
(38) and total lipids (39) were measured at 0,4, and 8 h. Plasma glucose
was measured to determine the presence or absence of diabetes mel-
litus. Plasma urea nitrogen, a-amino nitrogen, and total lipids were
measured to detect changes in body pools of nitrogen and lipids (40).

Data analysis. The reproducibility of the RMRduring the 81/4-h
study and the RMRvariability from day to day were evaluated by
computing the mean of the coefficients of variation calculated for each
individual's 20 RMRmeasurements on the zero calorie day, and their
five preprandial RMRmeasurements (30). The TEF was computed as
the incremental increase in caloric expenditure over RMR. Three dif-
ferent measurements were used to calculate each man's RMRfor
computing the TEF: (a) actual values obtained over the 8-h study after
the ingestion of water, (b) values obtained each day at - 15- and 0-min
time periods extrapolated over the 8-h study after the ingestion of
Ensure Plus; and (c) the average of each subject's -15- and 0-min
RMRvalues from all 5 d of the study, extrapolated for 8 h after
ingestion of Ensure Plus. The TEFwas also expressed as the percentage
of caloric intake to standardize the influence of various dietary loads.

Simple regression analysis was used to assess the relationship be-
tween TEF and caloric intake, and TEF and WT, BMI, fat-free mass,
and fat mass. The possibility of a relationship between TEF, RMR,and

resting nonprotein respiratory quotient was also examined. The effect
of studying subjects on sequential days was examined by using the
numerical study day as a variable in the regression analysis. Stepwise
and multiple regression analyses were used to determine which combi-
nations of variables best predicted TEF in the men. The effect of
obesity on TEF was determined by using an indicator variable in the
regression analyses; that is, a 1 for a BMI < 25 and a 0 for BMI over 30
(41). Interaction terms were used to assess possible synergistic effects of
intake and body compositional variables on TEF.

Intersubject variability of TEF was tested by comparing the ther-
mic response of each individual over the four caloric challenges to the
group as a whole. This comparison was made by assigning an indicator
variable to each subject and using these in a multiple regression model
with intake against TEF. The partial F test was used to compare this
multiple regression model with the regression of TEF against intake
alone (41). The inclusion of subject effects in the multiple regression
analyses insured that the errors were independent, as is required for
hypothesis testing.

The time course of TEF was assessed using measures of the dura-
tion of augmented postprandial energy expenditure and the time from
feeding to peak caloric expenditure. The duration of TEF was the
interval from time 0 to the time of return of energy expenditure to

preprandial values. In determining when subjects' postprandial energy
expenditures returned to preprandial values, we used a range above the
baseline RMRvalue to account for measurement variability. The
range for each subject was based on either the SD of that subject's
RMRmeasurements on the zero calorie day, or the SD of all the
subjects' (group SD) RMRmeasurements on the zero calorie day. We

used three definitions of the return of energy expenditure to baseline in

estimating the duration of TEF: (a) one postpeak energy expenditure
measurement within two-group SD of preprandial baseline; (b) two

consecutive postpeak energy expenditure measurements within two-

group SD of preprandial baseline; and (c) two consecutive postpeak
energy expenditure measurements within two of the individuals' SDof
preprandial baseline. The duration of TEF and the time to postpran-
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Table III. Caloric Intake and Related Thermic Effect of Food

Intake Intake
Subject Subject

no. kg FFMD Total RMR TEF TEF/intake no. kg FFMD Total RMR TEF TEF/intake
kcal kcal/8 h kcal % intake kcal kcal/8 h keal % intake

Lean subjects (BMI <25) Obese subjects (BMI >30)
1 8 491 495 35.5 7.2 6 8 558 585 37.4 6.7
2 8 458 461 2.2 0.5 7 8 776 879 66.9 8.6
3 8 513 498 6.3 1.2 8 8 715 628 84.7 11.8
4 8 493 514 41.1 8.3 9 8 688 824 16.2 2.4
5 8 540 505 84.1 15.6 10 8 563 692 12.6 2.2

Mean 499 495 33.8 6.6 Mean 660 722 43.6 6.3
SEM 14 9 14.7 2.7 SEM 43 56 14.1 1.8

1 16 982 495 123.0 12.5 6 16 1,117 585 153.3 13.7
2 16 916 461 94.3 10.3 7 16 1,552 879 134.8 8.7
3 15 998 498 82.6 8.3 8 16 1,429 628 115.3 8.14 16 985 514 59.5 6.0 9 16 1,374 824 69.4 5.0
5 16 1,081 505 90.4 8.4 10 16 1,128 692 71.0 6.3

Mean 992 495 90.0 9.1 Mean 1,320 722 108.8 8.4
SEM 26 9 10.2 1.1 SEM 86 56 16.8 1.5

1 24 1,471 495 143.2 9.7 6 24 1,675 585 144.0 8.6
2 24 1,376 461 127.5 9.3 7 24 2,321 879 229.2 9.9
3 24 1,540 498 138.8 9.0 8 24 2,146 628 157.4 7.3
4 24 1,475 514 104.0 7.0 9 24 2,063 824 122.2 5.9
5 23 1,580 505 126.8 8.0 10 24 1,691 692 138.8 8.2

Mean 1,488 495 128.0 8.6 Mean 1,979 722 158.3 8.0SEM 35 9 6.8 0.5 SEM 128 56 18.6 0.7
1 32 1,962 495 189.0 9.6 6 32 2,232 585 203.8 9.12 32 1,835 461 115.4 6.3 7 32 3,104 879 234.9 7.63 31 1,996 498 152.7 7.6 8 28 2,438 628 193.0 7.94 27 1,677 514 132.0 7.9 9 32 2,749 824 195.2 7.15 28 1,870 505 197.3 10.6 10 32 2,255 692 196.0 8.7

Mean 1,868 495 157.3 8.4 Mean 2,556 722 204.6 8.1SEM 56 9 15.8 0.8 SEM 165 56 7.8 0.4

dial peak energy expenditure were analyzed by simple and stepwise
regression analysis for relationships to intake, WT, BMI, fat-free mass,
and RMR.

Resistant regression lines (Minitab Statistical Package, Version
82.1.1; Minitab, Inc., Penn State University, State College, PA) (42)
and three-dimensional response surfaces were used to display the rela-
tionship among time, caloric intake, and TEF.

Results

Body composition, caloric intake, and indirect calorimetry.
The obese men had significantly greater WT, BMI, fat-free
mass, fat mass, and RMRthan the lean subjects (P < 0.025 for
all values), and no member of either group had parameters of
body size that were similar to those of the other group
(Table II).

The RMRduring the 8¼/4-h control day when the subjects
drank 500 ml of water were very reproducible, and the random
variance was < 4%of the mean, which was similar to previous
results in this (30) and other laboratories ( 16). The day to day
variability of RMRwas also small with a coefficient of varia-
tion of 4%. In addition, the -15- and 0-min RMRmeasure-

ments over the 5-d study were not statistically different. The
TEF values, regardless of which one of the three different
RMRmeasurements was used, also were not statistically dif-
ferent. Weused the RMRmeasured before each meal to cal-
culate the subsequent TEF.

The caloric content of the meals (Ensure Plus) based on the
subjects' fat-free mass, ranged from 458 to 3,104 kcal. The
caloric intakes and postprandial TEF for the lean and obese
groups at the four meal sizes are shown in Table III. All sub-
jects were in positive energy balance during the 8-h postpran-
dial period after the 16-, 24-, and 32-kcal/kg fat-free mass
meals. However, after consuming the lowest caloric load, 8
kcal/kg fat-free mass, three lean and four obese subjects (1, 2,
3, 6, 7, 8, and 9) received less than their resting requirements
for the 8-h postprandial period.

The postprandial RMRdid not fully return to baseline in
several of our subjects after their highest caloric challenges.
However, after 8 h these men were near baseline energy ex-
penditure. Furthermore, when we excluded them from analy-
ses, the relationships of TEF to other variables were not signifi-
cantly altered. Thus, in a practical sense, TEF was completely
measured.
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Thermic effect offood. Fig. 1 shows that TEFwas positively
correlated with caloric intake (P < 0.001). The relationships
between TEF and caloric intake were not statistically different
for lean and obese men. Therefore, a single regression line was
developed. TEF can be predicted by the following equation:
TEF = -1.16 + 0.082 kcal intake (r2 = 0.82). Although TEF
expressed as a percent of intake (TEF/intake) was variable in
both groups, the average values for different diets, and for lean
and obese subjects, were not statistically different. Irrespective
of nutrient intake, the mean TEF was - 8% of the ingested
calories (Table III).

TEFwas not correlated with WT, fat-free mass, or fat mass.
The mean TEF values plotted against the mean caloric intakes
at the 8-, 16-, 24-, and 32-kcal/kg fat-free mass diets for lean
and obese subjects are shown in Fig. 2. The linear relationship
for lean and obese men shows that TEF was not influenced by
obesity. On the other hand, each of the 10 men had individu-
ally consistent thermic responses to the Ensure Plus meals. Fig.
3 shows the actual and the predicted TEF for each subject

200-

1J1

OLEAN
*OBSE

-4)l

Figure 1. Thermic effect of mixed meals in 10
healthy males. The four caloric challenges fed
to each of five lean (o) and five obese (.) men
are plotted against their corresponding TEF.

-- The regression line (TEF = -1.16 + 0.082
40 kcal intake) for the relationship between TEF

and caloric intake is shown.

across the range of caloric challenges. Several subjects had
responses that were shifted above or below the group average,
and the overall variation was statistically significant (F = 4.18,
P < 0.01). Thus, the subjects had individually distinct thermic
responses to a given caloric challenge. This intersubject varia-
tion was independent of leanness or obesity.

Fig. 4 shows a three-dimensional response surface gener-
ated from resistant regression lines relating caloric intake to
energy expenditure at each postprandial time. The magnitude
and duration of the augmented thermogenesis over prepran-
dial RMRincreased linearly with the caloric intake. With the
largest caloric challenges the RMRwas increased by 30%.
The duration of TEF was highly correlated with caloric intake
regardless of the model used for calculating time of postpran-
dial thermogenesis. Subjects with higher preprandial energy
expenditures had a shorter duration of TEF for a given caloric
intake. The time from meal ingestion to peak thermogenesis
was also significantly related to intake (r = 0.41; P < 0.025)
with a secondary negative relationship to RMR(P < 0.01).

Postprandial metabolism. No subject had plasma glucose
values diagnostic of diabetes mellitus (43). The preprandial
plasma urea nitrogen concentrations were indistinguishable
between lean and obese males, and in both groups, the 8-h
postprandial plasma urea nitrogen concentrations were indis-
tinguishable from the preprandial values. Total plasma lipid
concentrations were greater than preprandial values only in
the obese males after the largest caloric challenge.

Discussion

This study is a systematic reappraisal of the thermic effect of
food after multiple caloric challenges of mixed meals in lean
and obese humans. Only males were studied to eliminate the
known influence of gender on postprandial metabolism (44).
Our volunteers were fed a range of caloric challenges simulat-
ing intakes from a small meal to the equivalent of a full day's
consumption. The results showed that TEF was dictated pri-

0- marily by caloric intake, and this relationship was constant
4W M800 1200 Mso 2000 24>o 2800 across all the dietary intakes studied (Fig. 1). Throughout this

INTAKE (kcI) range of caloric challenges TEF increased with greater caloric

Figure 2. Average caloric intakes given to lean (o) and obese (o) men intakes in a linear fashion. There was no evidence that ther-
for the 8, 16, 24, and 32 kcal/kg fat-free mass mixed meal challenges mogenesis became either accentuated or blunted by high ca-
and corresponding TEF. loric intake (Fig. 2).
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Figure 3. (A) Actual individual
thermic responses to mixed
meals in five lean (o) and five
obese (-) men are shown. The
slopes of these lines are similar,
but there are statistically signifi-
cant differences among the in-
tercepts. (B) Predicted individual
thermic responses to progres-
sively greater caloric challenges
were plotted using each subject's
intercept. The intercepts were

derived from a multiple regres-

sion model using indicator vari-
ables. The group regression line
for TEF and intake was used for
each man in the range of calo-
ries he ingested.

One of the novel findings of this study was the consistent
and distinct TEF of individuals. By feeding the subjects a vari-
ety of dietary challenges the specific response of a person to
mixed meals was demonstrated (Fig. 3). The increase in energy

expenditure per caloric intake was relatively constant for an

individual and generally distinguishable from another man.

The TEF of an individual was independent of body size or

composition. Variations in metabolic efficiency during the
fasting and resting states are independent of WT(30, 33) and

6010 Z 180 Z40 300 360 4Z0 480

TIME (min)

Figure 4. Three-dimensional response surface, generated from resis-
tant regression lines, relating caloric intake to the thermic effects of
food during the 8-h study period.

this report suggests that humans have unique metabolic re-
sponses to food which are also independent of leanness and
obesity. This metabolic individuality is functionally equivalent
to a "metabolic fingerprint." This individualistic thermic pro-
file to food plays an important role in energy balance. The lack
of consensus pertaining to TEF in obesity (6-32) may have
resulted from selecting more or fewer individuals with high
postprandial thermogenesis in either the lean or obese group.

There was no statistically significant correlation between
TEF and body size in our study. Unlike RMR, which is corre-
lated to the active protoplasmic tissue mass (30, 33), TEF was
independent of WT, fat-free mass, fat mass, and BMI. Wegave

Table IV. Diet, Intake, RMR, and Energy Expenditure in Three
Lean and Three Obese Men Fed Similar Caloric Challenges

Subject
no. Diet Intake RMR TEF EE

kcal/kg FFMD kcal kcal/8 h kcal/8 h kcal/8 h

Lean subjects (BMI <25)

3 24 1,541 466 139 605
5 24 1,581 517 127 644
4 32 1,677 503 132 635

Obese subjects (BMI >30)

7 16 1,522 835 135 970
6 24 1,674 595 144 739

10 24 1,691 545 139 684
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Figure 5. Thermic responses to similar caloric intakes in three lean
(o) and three obese (.) men.

our subjects caloric challenges based on fat-free mass because
it was previously suggested that caloric intake above resting
needs determines TEF (31). Wecannot support this conten-
tion because our data show that caloric intake per se deter-
mines TEF. Table IV shows data from three lean and three
obese men who were incidentally fed similar amounts of En-
sure Plus (coefficient of variation for caloric intake was 4.8%).
Fig. 5 shows their energy response curves to these comparable
caloric challenges. The TEF among these three lean and three
obese males were virtually identical (coefficient of variation for
TEF was 4.4%). Equal augmentation of postprandial energy
expenditure occurred in spite of the obviously greater RMR
and total energy expenditures in the three obese men. This
clearly illustrates that TEF is independent of leanness and obe-
sity.

The time course of TEF was also primarily a function of
caloric intake. Weconfirmed the previous observation that the
duration of TEF is lengthened as caloric intake increases (45,
46). This general observation can be further characterized by
using the results from selected individuals fed similar caloric
intakes. From the 10 men studied 6 could be identified who
received four different meals containing 490-563, 981-1,127,
1,374-1,552, and 1,962-2,255 kcal. Using a resistant regres-
sion model their TEFare displayed in Fig. 6. The magnitude of
the TEF was greater and the duration of the TEF was length-
ened as the caloric intake increased.

The duration of postprandial energy expenditure measure-
ment is a major factor which accounts for some of the claimed
deficiency of TEF in obesity. Many of the previous studies
measuring TEF in lean and obese individuals were too short to
make an adequate assessment of postprandial thermogenesis
(8, 11, 13, 16, 19-20, 26, 29, 30). Whereas incomplete mea-
surement of TEF does not lead to a clear bias for or against a
thermic defect in the obese, conclusions based on partial re-
sults are indefinite. Previous studies of an individual's re-
sponses to several caloric loads showed a diminished TEF rise
with larger intakes. Both Hill et al. (46) and Belko et al. (47) fed
normal subjects meals containing - 500, 1,000, and 1,500
kcal. They found linear and negative quadratic components to

TIME imin)

Figure 6. A three-dimensional surface displaying the TEF in three
lean and three obese individuals who ingested four different caloric
challenges (490-563, 981-1,127, 1,374-1,552, and 1,962-2,255 kcal)
containing 43% CHO, 42% FAT, and 15% PRO.

their relationships between TEF and caloric intake. However,
in both of these reports the TEF with the higher diets was
underestimated because the studies were concluded long be-
fore postprandial energy expenditure returned to baseline. The
TEF in our study did not plateau with larger caloric intakes
because we studied our subjects for 8 h and did nQt signifi-
cantly underestimate TEF.

Different degrees of glucose intolerance within groups of
obese subjects may account for some of the disagreement re-
garding obesity and TEF. Felber et al. (21) showed variation in
TEF that was related to the degree of glucose intolerance in
healthy and diabetic men and women. Our lean and obese
menhad physiologic blood glucose concentrations in response
to the varying caloric challenges. Therefore, the influence of
glucose intolerance was eliminated in our study. In addition,
our 8-h study period was sufficiently long enough for plasma
total lipids, a-amino nitrogen, and urea nitrogen to return to
preprandial values. Therefore, changes in the pool sizes of
these substrates and/or metabolites had no significant impact
on calculated postprandial energy expenditure.

Exceptional physical characteristics in lean controls may
also be a source of disagreement in previous TEF studies. For
example, Segal et al. (19) studied a group of lean menmatched
with obese subjects for height and weight. Their lean controls,
however, were athletes in training with very large muscle
masses and higher RMRand TEF than their obese subjects.
Hill et al. (46) showed that aerobically trained men have
greater TEF than men with lower maximal oxygen consump-
tions. The inclusion of individuals with exceptional thermo-
genic capacities as controls creates an apparent attenuation in
the TEF of their obese cohorts. This bias is especially impor-
tant with the small number of subjects that have been com-
pared in past studies of TEF.

It was shown by others that TEF is similar whether nu-
trients are administered orally, intravenously, or via nasogas-
tric tube (32, 48, 49). This demonstrated that the caloric re-
quirements of mastication, swallowing, and intestinal absorp-
tion are minimal. Therefore, it is likely that the ATPand other
nucleotide requirements for the storage of glucose as glycogen,
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free fatty acids as triglycerides, and the incorporation of amino
acids into proteins, account for the bulk of dietary induced
caloric expenditure (50).
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