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OBJECTIVE — The aim of this study was to determine whether overweight and obese indi-
viduals with type 2 diabetes have higher basal and 24-h energy expenditure compared with
healthy control subjects before and after adjustment for body composition, spontaneous physical
activity (SPA), sex, and age.

RESEARCH DESIGN AND METHODS — Data from 31 subjects with type 2 diabetes
and 61 nondiabetic control subjects were analyzed. The 24-h energy expenditure, basal meta-
bolic rate (BMR), and sleeping energy expenditure (EE,.,,) between 1:00 a.m. and 6:00 a.m. were
measured in whole-body respiratory chambers. Body composition was assessed by dual-energy
X-ray absorptiometry (DXA).

RESULTS — No significant differences in unadjusted EE,.,,, BMR, and 24-h energy expen-
diture were observed between the type 2 diabetic group and the control group. After adjustment
for fat-free mass (FFM), fat mass, SPA, sex, and age, EEgeep and BMR were, respectively, 7.7 and
6.9% higher in the type 2 diabetic group compared with the control group. This was equivalent
to 144 £ 40 kcal/day (P = 0.001) and 139 * 61 kcal/day (P = 0.026), respectively. Adjusted
24-h energy expenditure was 6.5% higher in the type 2 diabetic group compared with the
nondiabetic control subjects (2,679 = 37 vs. 2,515 = 23 kcal/day, P = 0.002). In multiple
regression analyses, FFM, fat mass, SPA, and diabetes status were all significant determinants of
EEg..p, and 24-h energy expenditure, explaining 83 and 81% of the variation, respectively.
CONCLUSIONS — This study confirms reports in Pima Indians that basal and 24-h energy
expenditure adjusted for body composition, SPA, sex, and age are higher in individuals with type
2 diabetes compared with nondiabetic control subjects and may be even more pronounced in
Caucasians.
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he development of type 2 diabetes
depends on both genetic suscepti-
bility and environmental factors
(1). An inappropriately high-energy in-
take and a sedentary lifestyle are well-
known risk factors for obesity, and
there is solid evidence that excessive fat

mass is the major cause of type 2 diabe-
tes (2,3). Furthermore, large intervention
trials have demonstrated that even a mod-
erate, sustained weight loss in high-risk in-
dividuals can reduce the incidence of type 2
diabetes (4,5). However, genetic and dis-
ease-related differences in energy expendi-

From the 'Department of Human Nutrition, Centre for Advanced Food Research, The Royal Veterinary and
Agricultural University, Frederiksberg, Denmark; “Novo Nordisk A/S, Bagsvaerd, Denmark; and the *MRC
Human Nutrition Research, Elsie Widdowson Laboratory, Cambridge, U.K.

Address correspondence and reprint requests to Christian Bitz, Department of Human Nutrition, The
Royal Veterinary and Agricultural University, Rolighedsvej 30, 1958 Frederiksberg C, Denmark. E-mail:

diabetes@christianbitz.com.

Received for publication 20 May 2004 and accepted in revised form 23 June 2004.
H.H. holds stock in Novo Nordisk A/S and has received grant support from Novo Nordisk A/S.

Abbreviations: BMR, basal metabolic rate; DXA, dual-energy X-ray absorptiometry; EE
energy expenditure; FFA, free fatty acid; FFM, fat-free mass; EE

deep: Sleeping
resting energy expenditure; SNS, sym-

resty

pathetic nervous system; SPA, spontaneous physical activity.
A table elsewhere in this issue shows conventional and Systeme International (SI) units and conversion

factors for many substances.
© 2004 by the American Diabetes Association.

ture may also be important etiological
determinants.

A low resting energy expenditure
(EE,..)) is a risk factor for weight gain (6).
Paradoxically, cross-sectional studies
have indicated an ~5% increased EE, ., in
Pima Indians with type 2 diabetes com-
pared with nondiabetic individuals after
adjustment for age and body composition
(7-9). Other studies found a decreased
thermogenic response to meals (10) and
insulin/glucose clamp infusions among
type 2 diabetic subjects compared with
nondiabetic individuals (11). Thus, the
integrated effect on total 24-h energy ex-
penditure has been reported to be similar
or only slightly elevated in Pima Indians
with type 2 diabetes compared with non-
diabetic individuals (8,9). Studies in
other ethnic groups have included only a
limited number of subjects (12) or have
used less reliable measurements of energy
expenditure and body composition than
whole-body respiratory and dual-energy
X-ray absorptiometry (DXA) (12,13). The
relative influence of body composition on
EE,. and 24-h energy expenditure in a
Caucasian population that is less suscep-
tible to obesity and type 2 diabetes and
more insulin sensitive is unclear (14,15).
This case-control study tested the hy-
pothesis that overweight and obese Cau-
casians with type 2 diabetes have
increased energy expenditure compared
with nondiabetic control subjects after
adjustment for body size and composition
assessed by DXA.

RESEARCH DESIGN AND

METHODS — Data from 24-h whole-
body calorimetry measurements per-
formed from 1995 to 2002 at the
Department of Human Nutrition, The
Royal Veterinary and Agricultural Univer-
sity, Copenhagen, Denmark, were used in
this study. In general, most subjects were
recruited through advertisement in local
newspapers, and others were referred by
general practitioners for treatment of obe-
sity. Written, informed consent was ob-
tained from all subjects before the
beginning of all studies. All protocols
were approved by the Municipal Ethical
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Committee of Copenhagen and Fred-
eriksberg, Denmark.

All subjects in the type 2 diabetic
group (n = 31) were diagnosed according
to the American Diabetes Association cri-
teria from 1997 (16) and were enrolled in
an intervention study (17). In this analy-
sis only, baseline measurements were
used. Briefly, inclusion criteria were BMI
=27.0 kg/m* and HbA,_ for diet-treated
subjects 6.5-12% and =10% for sulfo-
nylurea- or repaglinide-treated subjects
in monotherapy. Furthermore, antidiabe-
tes medication was discontinued 2 weeks
before the measurements. Subjects with
cardiac problems and/or treatment with
any drug (except for sulfonylureas and re-
paglinide), which could interfere with
glucose levels, were excluded. A more de-
tailed description of inclusion and exclu-
sion criteria is given elsewhere (17).

The control group was compiled from
a historical database. Only healthy non-
smokers with body composition assed by
DXA, age >35 years, and a full dataset
were included. Furthermore, lean sub-
jects were excluded from the control
group to achieve similar body size and
composition as in type 2 diabetic and con-
trol groups. The final control group con-
sisted of 61 subjects.

Chamber protocols and diets

Each subject followed a standard calorim-
eter protocol. In brief, subjects entered
the respiration chamber the night before
the study and fasted from 10:00 p.m. until
the next morning. The measurement
started at 9:00 a.m. and continued for
24 h. Subjects were fed an isoenergetic
diet based on earlier determined equa-
tions (17-19). The carbohydrate content
varied from 48 to 59%, fat from 28 to
37%, and protein was constant at 15% of
energy. Meals were provided at 9:00 a.m.,
1:00 p.M., and 6:00 p.m. and snacks at
11:00 a.Mm., 3:00 p.m., and 10:00 p.M. The
scheduled exercise programs were carried
out on a treadmill (75-W workload) vary-
ing from 30 to 40 min/day and as walking
sequences (2 X 25 X 3.5 m) varying from
0 to 2 times/day.

Measurement of body composition

Body weight was measured to the nearest
0.1 kg using weighing scales (model 707;
Seca, Copenhagen, Denmark). The
weight was measured in the morning in
fasting condition, with an empty bladder,
without shoes, and in light clothing. Body

composition, i.e., fat-free mass (FFM), fat
mass, and bone mineral content, was as-
sessed by DXA (Lunar Radiation, Madi-
son, WI). All scans were performed using
slow mode (38—-42 mm/s) (20).

Measurement of energy expenditure
The 24-h energy expenditure was mea-
sured by indirect whole-body calorimetry
based on oxygen uptake, carbon dioxide
production, and nitrogen excreted in the
urine in one of two 14.7-m” open-circuit
respiratory chambers. The respiratory
chamber is described in detail elsewhere
(21). Standardized measurements of basal
metabolic rate (BMR), 24-h energy expen-
diture, EEg,.,,, and spontaneous physical
activity (SPA) were made. The subjects
were kept under 24-h surveillance by a
laboratory technician during the day and
by medical students during the night.

The volume of the outgoing air from
the chamber was measured by the princi-
ple of differential pressure (AVA 500;
Hartmann & Braun, Frankfurt, Ger-
many). The carbon dioxide concentration
of the outgoing air was measured by in-
frared analysis (Uras 3G; Hartmann &
Braun), and the oxygen concentration
was measured by the paramagnetic prin-
ciple (Magnos 4G; Hartmann & Braun).
The 24-h energy expenditure was mea-
sured from 9:00 A.m. to 9:00 a.m. the fol-
lowing morning, and the EEg.., was
measured between 1:00 .M. and 6:00 A.m.
Basal metabolic rate (BMR) was measured
for 1 h from 8:00 a.m. to 9:00 a.M. on the
second morning after 12 h of fasting,
while subjects were awake but still lying
prone in bed.

The EE,,,, has a coefficient of varia-
tion (CV) <3% on repeated measure-
ments in the same subject (>2 weeks
apart) compared with a CV of 4% on BMR
(22).

SPA was assessed by two microwave
radar detectors (Sisor Mini-Radar; Static
Input System SA, Lausanne, Switzerland),
which continuously emitted and received
a signal. When the radar detected a mov-
ing object, a signal was generated and re-
ceived by the transceiver. The SPA
measurements indicated the percentage
of time the subjects were active to a de-
tectable degree.

Variables and statistics

Variables that were not normally distrib-
uted were either log transformed or catego-
rized as appropriate. The main outcome
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variables were EE,.,, BMR, and 24-h en-
ergy expenditure. Univariate regression was
used to examine associations among FFM,
fat mass, SPA, sex, and age and EE.,,,
BMR, or 24-h energy expenditure. Variables
that were significantly associated were then
entered into multiple regression analyses
using a forward stepwise model. In all anal-
yses, the significance level was set at 0.05.

General linear modeling was used to
compare EEg,,, BMR, or 24-h energy ex-
penditure between the type 2 diabetic and
the control groups after adjustment for
body composition, sex, and age. Statisti-
cal analyses were performed with SPSS for
Windows version 11.0.1 (SPSS, Chicago,
IL).

RESULTS — The physiological char-
acteristics of the 31 type 2 diabetic sub-
jects and the 61 nondiabetic subjects are
presented in Table 1. Sixty-one percent of
the subjects in both groups were women.
The mean age of the type 2 diabetic group
was significantly higher than in the non-
diabetic group (59 * 9 vs. 43 = 6 years,
P < 0.001). No significant differences in
body weight and composition were ob-
served. The median of duration of diabe-
tes was 2.5 years (range 0.3-26.6) in the
type 2 diabetic group.

In univariate analyses, FFM was the
major predictor of EE..,, BMR, and 24-h
energy expenditure, explaining 57.5,
64.2, and 70.1% of the variation, respec-
tively. Associated determinants of EE.,,
BMR, and 24-h energy expenditure were
added to stepwise multiple regression
analyses, and the prediction equations
were as follows:

1 EEgeep (kcal/day) = 408.7 + 16.5
+FFM (kg) + 7.9 « fat mass (kg) + 147.3
* [SPA e, (%)] + 89.7 - [diabetes status
(0,1)] + 106 - sex (0,1)

2) 24-h energy expenditure (kcal/
day) = 389.7 + 22.2 - FFM (kg) + 7.2 -
fat mass (kg) + 52.7 * [24-h SPA (%)] +
124.9 - [diabetes status (0,1)] + 129.2 -
sex (0,1)

3) BMR (kcal/day) = 541.9 + 18.2 -
FFM (kg) + 7.7 - fat mass (kg) + 185.4 -
sex (0,1)

Diabetes status was defined as nondi-
abetic (0) and type 2 diabetes (1). Sex was
defined as women (0) and men (1).

FFM (P < 0.001), fat mass (P <
0.001), SPA.,, (P < 0.001), diabetes sta-
tus (P = 0.002), and sex (P = 0.030) were
all significant predictors of EE,,,. Simi-
larly, FFM (P < 0.001), fat mass (P <
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Energy expenditure in type 2 diabetes

Table 1—Physiological characteristics of 31 Caucasians (61% women) with type 2 diabetes and 61 nondiabetic control subjects (61% women)

Type 2 diabetes

No diabetes

Mean difference

n
Age (years)

Body weight (kg)
Height (cm)

59.1 = 8.8 (39-75)
101.8 £ 13.8 (69.0-123.9)
169 = 10 (150-193)

31 61
43.4 £ 5.6 (35-57)

101.6 = 17.4 (61.5-144.7)
172 £ 8 (157-189)

+15.7 (+36.1%)*
+0.2 (+0.2%)
=3 (=1.7%)

BMI (kg/mz) 35.5 + 3.7 (28.2-42.6) 34.1 = 4.7 (25.1-47.8) +1.4(+4.1%)
FFM
kg 59.7 = 11.1 (39.4-79.4) 62.4 + 9.6 (37.4-80.0) —2.7(—4.3%)
% 59.0 = 6.9 (45.6-70.5) 60.8 = 7.7 (44.2-81.9) —1.8(=3.0%)
Fat mass
kg 41.3 + 8.7 (28.1-63.4) 40.0 = 12.4 (14.8-71.7) +1.3(+3.3%)
% 41.0 £ 6.9 (29.6-54.5) 39.2 +7.7(18.1-55.8) +1.8 (+4.6%)

Data are means = SD (range). Significant difference between groups: *P < 0.001. No asterisk means no significant difference (P > 0.05).

0.001), 24-h SPA (P < 0.001), diabetes
status (P = 0.001), and sex (P = 0.030)
were significant predictors of 24-h energy
expenditure.

FFM (P < 0.001), fat mass (P <
0.001), and sex (P = 0.010) were signif-
icantly associated with BMR. Age was not
significantly associated with BMR, EE ..,
or 24-h energy expenditure when adjust-
ment for sex and body composition was
made. The duration of diabetes did not
contribute to the explained variation in
any energy expenditure parameters. The
explained variations in the models were
82.9, 81.4,and 70.0%, respectively (Eqgs.
1,2, and 3).

No significant differences in unad-
justed EEg,,,, BMR, and 24-h energy ex-
penditure, respectively, were observed
between the type 2 diabetic and the con-
trol groups. Furthermore, unadjusted
BMR was 7.6% higher (+145 =% 20 kcal/
day) than EE.., in the control group
compared with 3.6% (+72 = 27 kcal/

Table 2—Whole-body indirect calorimetry

day) in the type 2 diabetic group (P =
0.031).

When adjusted for FFM, fat mass,
SPA, sex, and age, the mean EE,,, was
7.7% higher in the type 2 diabetic sub-
jects compared with the nondiabetic con-
trol subjects (2,023 = 29 vs. 1,879 = 18
kcal/day, P = 0.001). After the same ad-
justment, BMR was 6.9% higher in the
type 2 diabetic group than in the control
group (2,140 = 45 vs. 2,001 = 28 kcal/
day, P = 0.026). Furthermore, 24-h en-
ergy expenditure adjusted for FFM, fat
mass, SPA, sex, and age was 6.5% higher
in the type 2 diabetic group compared
with the nondiabetic control group
(2,679 = 37vs. 2,515 * 23 kcal/day, P =
0.002) (Table 2). The effect of diabetes
status between 24-h energy expenditure
and FFM adjusted for fat mass, sex, and
age is illustrated in Fig. 1. During the
chamber stay, the control subjects were in
energy balance, whereas the individuals
with type 2 diabetes were in negative en-

ergy balance (7 = 35vs. —234 = 48 kcal/
day, P < 0.001). When 24-h energy
expenditure was adjusted for energy bal-
ance, the difference between the type 2
diabetic group and the control group was
reduced to 4.0% (96 * 49 kcal/day, P =
0.052).

The 24-h SPA, adjusted for duration
of exercise, was significantly lower
(—10.5%) in the type 2 diabetic subjects
compared with the nondiabetic subjects
(7.5 0.2 vs.85 * 0.2%, P = 0.003).
Conversely, the mean SPA,..,, was 40%
higher in the type 2 diabetic group com-
pared with the nondiabetic group but did
not reach significance (0.93 £ 0.11 vs.
0.66 * 0.08%, P = 0.056). No interac-
tions between the predicting variables
were found.

CONCLUSIONS — The present study
demonstrates that overweight and obese
Caucasians with type 2 diabetes have a
7% higher 24-h energy expenditure after

Type 2 diabetes

No diabetes

Mean difference

n

24-h energy expenditure (kcal/day)

Adjusted 24-h energy expenditure
(kcal/day)*

BMR (kcal/day)

Adjusted BMR (kcal/day)*

EE, ., (kcal/day)

Adjusted EE,..,, (kcal/day)*

24-h SPA (%)t

Sleeping SPA (%)

31 61
2,587 + 61 2,563 + 43 +22 + 74 (+0.9%)F
2,679 + 37 2,515 =23 +164 = 31 (+6.5%)8
2,060 * 59 2,042 + 42 +18 % 73 (+0.9%)%
2,140 + 45 2,001 + 28 +139 + 61 (+6.9%)|
1,989 * 51 1,897 + 37 +92 + 63 (+4.8%)F
2,023 + 29 1,879 + 18 +144 * 40 (+7.7%)§
76*02 8.5+ 0.2 ~0.9 + 0.3 (—10.5%)§
0.93 +0.11 0.66 + 0.08 +0.27 = 0.14 (+40.9%)%

Data are means = SE. *Adjusted for FFM, fat mass, SPA, sex, and age; tadjusted for duration of exercise on bike. No significant difference between groups: P >
0.05. Significant difference between groups: §P < 0.01; ||P < 0.05.
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Figure 1—24-h energy expenditure as a function of FFM adjusted for fat mass, sex, and age
(adFFM). A, Individuals with type 2 diabetes; [, nondiabetic individuals. Regression lines: X
type 2 diabetic subjects (P < 0.001); - - - -, control subjects (P < 0.001).

adjustment for FFM, fat mass, SPA, sex,
and age than overweight and obese indi-
viduals without diabetes. Our result is
higher than earlier reports of 2-5% higher
24-h energy expenditure in diabetic Pima
Indians (8,9). However, it has been re-
ported that healthy Pima Indians have
higher adjusted 24-h energy expenditure
than Caucasians (23). Therefore, the rel-
ative increase in 24-h energy expenditure
when developing type 2 diabetes may be
less in Pima Indians. Thus, overall our
findings are in agreement with other stud-
ies where individuals with type 2 diabetes
under a strict but low physical activity
level have a higher 24-h energy expendi-
ture than healthy nondiabetic individuals
(6-9,12,13).

It is notable that the nondiabetic sub-
jects were younger than the type 2 dia-
betic subjects. However, thisis unlikely to
have any effect on the results, because age
was not an independent determinant of
energy expenditure in this study after ad-
justment for body size, composition, and
sex. This is in agreement with most stud-
ies, apart from Weyer et al. (23), who re-
ported a marginal but significant effect of
age on 24-h energy expenditure, with a

decrease of 2 kcal/day per year. Our find-
ing of a 165-kcal/day higher 24-h energy
expenditure in type 2 diabetic subjects
exceeds the variation in 24-h energy ex-
penditure, which could be explained by
the Weyer estimate (—32 kcal/day). Be-
cause the difference in mean age between
the groups was significant, age was in-
cluded as a covariate in the analyses. How-
ever, this did not alter the results.
EEepand BMR were 7-8% higher in
the type 2 diabetic subjects compared
with the control group. Previous results of
an ~5% higher EE_, in type 2 diabetes
have been reported in Pima Indians (7-9)
and in a single study in Caucasians (13).
This suggests that the diabetic state may
induce an increase in EE, . This is sup-
ported by a longitudinal study in a group
of 17 Pima Indians in whom glucose tol-
erance deteriorated from normal glucose
tolerance to impaired glucose tolerance to
type 2 diabetes. EE .., (adjusted for FFM
and fat mass) increased by 4.2% from
normal glucose tolerance to impaired glu-
cose tolerance and by another 2.6% with
progression to type 2 diabetes (9). There-
fore, EE,., may increase early during the
development of type 2 diabetes, and this
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may be mediated by other physiological fac-
tors than changes in body composition.

Several potential physiological mech-
anisms may be responsible for the in-
creased EE,, in type 2 diabetes. Fasting
blood glucose is an independent determi-
nant of EE,,, (24) explained partly by an
elevated rate of hepatic glucose produc-
tion in individuals with type 2 diabetes
(9,13). A 5% reduction in BMR has been
found when fasting glucose was lowered
by 5.9 mmol/l (24), so that the glycemic
control may be an important determinant
of EE, -

The necessary energy for the energy-
consuming process of hepatic glucose
production may be provided by an in-
creased rate of lipid oxidation (13). Fur-
thermore, a high rate of lipolysis leading
to an elevated level of plasma free fatty
acids (FFAs) has been associated with im-
paired insulin-mediated suppression of
hepatic glucose production (25), im-
paired glucose uptake in skeletal muscle
(26), increased synthesis of VLDL (27),
and stimulation of mitochondrial uncou-
pling proteins (28). Thus, FFAs may be a
potent mediator in several mechanisms
associated with increased EE,.,.

There is limited evidence that sympa-
thetic nervous system (SNS) activity is in-
creased in hyperinsulinemic individuals
with type 2 diabetes compared with
body- and age-matched nondiabetic con-
trol subjects (29). Furthermore, SNS ac-
tivity increases with advancing age in
healthy adults (30). Our data clearly dem-
onstrate that 24-h energy expenditure
was higher in the older and type 2 diabetic
subjects after adjustment for body com-
position, SPA, sex, and age, and we sug-
gest that the effect of chronic increases in
SN activity might partly be responsible.
However, the discontinuation of antidia-
betes medication may also have caused
temporal further elevation in glucose and
insulin levels, which also could contrib-
ute to differences in 24-h energy expen-
diture between the groups.

In theory, the higher energy expendi-
ture should promote a negative energy
balance and thereby weight loss in obese
type 2 diabetic patients. Together with
urinary glucose, this may serve as a de-
fense mechanism against further weight
gain. However, it is well established that
type 2 diabetic patients are often more
resistant than matched nondiabetic indi-
viduals to losing weight on weight man-
agement programs, independent of
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Energy expenditure in type 2 diabetes

whether the intervention is conventional
or pharmaceutical assisted (31). There-
fore, the higher energy expenditure may
be less important than other pathophysi-
ological abnormalities involving appetite
regulation in type 2 diabetic subjects.
However, the higher 24-h energy ex-
penditure of subjects with type 2 diabetes
needs to be addressed to estimate individ-
ual energy requirements for clinical pur-
poses. We observed a larger deficit on
24-h energy balance in the diabetic group
compared with the nondiabetic group,
which may be due to using nondiabetes
prediction equations to estimate energy
requirements. Energy imbalance is
known to influence substrate oxidation
(32) and, over longer periods of under- or
overfeeding, also EE .., (33). In addition,
urinary glucose excretion has been re-
ported to be 3.1% of 24-h energy expen-
diture (103 = 112 kcal/day) in obese type
2 diabetic individuals on treatment (34),
which would contribute to an even higher
energy deficit. The energy losses would
most likely increase further in type 2 dia-
betic patients off treatment. To our
knowledge, only two prediction equa-
tions of EE, in individuals with type 2
diabetes have been developed, and they
used less accurate measurements of EE,
and body composition (35,36). There-
fore, more accurate prediction equations
for individuals with type 2 diabetes are
needed for clinical purposes and trials.
We found a significant smaller posi-
tive difference between BMR and EEg,.,
in the type 2 diabetic individuals com-
pared with the nondiabetic subjects. This
may partly be explained by disturbed
sleep caused by need for thirst or urina-
tion among the type 2 diabetic subjects
(37), supported by their markedly higher
level of SPAj.. . This phenomenon could
be more pronounced as antidiabetes med-
ication was ceased 2 weeks before the
chamber stay. A significant lower level of
24-h SPA was observed in the type 2 dia-
betic group compared with the nondia-
betic group. Recent studies have shown a
high correlation between the standard-
ized physical activity in the chamber and
the habitual physical activity in free-living
conditions measured over several days by
the double-labeled water method (38).
However, lower SPA has not been reported
in other studies, and it is not known
whether it can be generalized to all patients
with type 2 diabetes. More studies using the
double-labeled water method, allowing

measurements of free-living energy expen-
diture, are needed to test this hypothesis.

Finally, our results confirm that FFM,
which reflects the metabolically active tis-
sue, is the major determinant of energy
expenditure (19,21,39). Furthermore, fat
mass was significant and independent of
FFM associated with energy expenditure.
The energy requirements of various or-
gans (respiration, heart, liver, and kidney)
are likely to be increased by the enlarged
fat mass, and more energy is required to
carry and move the larger body (21).
However, several potential modulators of
energy expenditure, which may have con-
tributed to the explained variation, were
not assessed in the present study. These
include the level of various hormones
(such as thyroid hormones) (39), cyto-
kines and peptides (such as leptin, adi-
ponectin, and tumor necrosis factor-a
secreted from the fat cells) (40), uncou-
pling proteins (28), and SNS activity (29).
Another cause of variation is the lack of
metabolic uniformity in the FFM, which
is connected with the interindividual
differences in components of highly ac-
tive tissues and organs (41). Thus, differ-
ent ratios of high-versus low-energy—
requiring organs may explain some of the
residual interindividual variation in en-
ergy expenditure. Taken together, genetic
variations leading to interindividual dif-
ferences in the above may be important
determinants of energy expenditure.

In conclusion, the present study con-
firms the previous reported alterations in
24-h energy expenditure in Pima Indians
with type 2 diabetes and may be even
more pronounced in Caucasians. Basal,
resting, and 24-h energy expenditure, in-
dependently of body composition, sex,
and age, were found to be 7-8% higher in
overweight and obese Caucasians with
type 2 diabetes compared with healthy
control subjects. Under a standardized
but low physical activity level, the higher
24-h energy expenditure in type 2 dia-
betic patients clearly shows that the
higher BMR is quantitatively more impor-
tant than the lower physical activity and
postprandial thermogenic response. Cur-
rently, itis not clear whether the observed
metabolic impairments are factors or ad-
aptational responses to the diabetic state.
Longitudinal studies are necessary to elu-
cidate the metabolic abnormalities and
underlying mechanisms associated with
the developing of type 2 diabetes.
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