
ABSTRACT
Background: Sibutramine is an effective compound for the
treatment of obesity, acting both on serotonergic and noradren-
ergic pathways. Animal studies have shown that sibutramine
exerts its effect by enhancing satiety as well as by increasing
thermogenesis.
Objective: We tried to compare the acute thermogenic effect of
a single 30-mg dose of sibutramine with placebo on basal energy
expenditure (EE) and diet-induced thermogenesis.
Design: The study was randomized, double-blind, and placebo
controlled. Eleven healthy, normal-weight men underwent 4 dis-
tinct treatment regimens separated by washout periods of 6–10 d.
EE was measured by indirect calorimetry before and for 5.5 h
after sibutramine or placebo administration with or without a
2.1-MJ breakfast. Visual analogue scales for assessment of
appetite were completed hourly.
Results: Sibutramine caused a significant increase in EE above
that for placebo (over 5.5 h) during both the fed (34%, 0.15
kJ/min) and fasted (183%, 0.20 kJ/min) states (P < 0.02) as well
as during the last 3.5 h of this 5.5-h period and in the fed (87%,
0.26 kJ/min) and fasted (152%, 0.22 kJ/min) states, respectively
(P < 0.01). The sibutramine-induced increase in EE was accom-
panied by an increase in plasma epinephrine (P < 0.01), heart
rate (P < 0.001), blood pressure (P < 0.05), and plasma glucose
(P < 0.02). About 25% of the increased heart rate with sibu-
tramine could be explained by increased thermogenesis. Sibu-
tramine increased satiety more than did placebo (5-h area under
the curve,P < 0.05).
Conclusions:Sibutramine caused a significant increase in both
EE and satiety, which may both contribute to its weight-reducing
properties. Am J Clin Nutr1998;68:1180–6.
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INTRODUCTION

Obesity develops from an imbalance between energy expendi-
ture and energy intake, and the physiologic approach to obesity
treatment is to achieve a negative energy and fat balance. Sibu-
tramine is a novel antiobesity agent that acts centrally as a sero-
tonergic and noradrenergic reuptake inhibitor (1). In animal stud-
ies, sibutramine has been shown to exert its weight-reducing effect
by a dual mechanism. It reduces food intake by enhancing the nat-
ural physiologic process of satiety and it stimulates thermogene-
sis, thereby producing an elevation in energy expenditure (2).

In humans, sibutramine produces clinically significant weight
loss in a dose-dependent manner (3–5) and, as in the animal stud-
ies, it reduces energy intake by increasing satiety and decreasing
hunger (6). Whether sibutramine also possesses any thermogenic
properties in humans has not, however, been examined.

The aim of the present study was to compare the acute ther-
mogenic effect of a single (30 mg) dose of sibutramine or
placebo on energy expenditure and diet-induced thermogenesis
in 11 young, normal-weight, nonsmoking men, and to evaluate
its effect on heart rate, body temperature, blood glucose, cate-
cholamines, and hunger.

SUBJECTS AND METHODS

Eleven healthy, normal-weight, nonsmoking, nonathletic male
volunteers were recruited by local advertisement. They all under-
went a full medical history and physical examination including
standard biochemical and hematologic tests of blood and urine.
All were found to be in good health and none were taking any
medication. Body weight was measured on a digital scale (model
707; Seca, Copenhagen). Body composition was estimated by
bioimpedance using an Animeter (HST-Engineering Inc,
Odense, Denmark). Anthropometric subject data are presented in
Table 1. Fat mass and fat-free mass were calculated by using the
equations given by Heitmann (7). Informed consent was
obtained according to the Declaration of Helsinki II, and the
study was approved by the Municipal Ethical Committee of
Copenhagen and Frederiksberg.

The trial was designed as a randomized, double-blind,
placebo-controlled, 4-way crossover study. Each subject under-
went 4 distinct treatments separated by washout periods of 6–10
d, receiving 30 mg sibutramine (Meridia; Knoll Pharmaceuticals,
Nottingham, United Kingdom) or placebo with or without a
breakfast meal providing 2.1 MJ. The meal consisted of juice,
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bread, butter, jam, cheese, and ham with a macronutrient com-
position of 48% of energy from carbohydrate, 37% from fat, and
15% from protein. The treatment order was in accordance with a
computer-generated randomization list.

The subjects arrived at the research center at 0745 after an
overnight fast and after a minimum of physical activity (on the
test days). Consumption of alcohol and coffee was prohibited 48
and 24 h, respectively, before the assessment. After voiding their
bladders, the subjects were fitted with sport testers (Diascope 2
Arthema; S & W Medico Teknik A/S, Albertslund, Denmark) for
heart rate monitoring and rectal probes (type 20923001; S & W
Medico Teknik A/S) for measurement of core temperature. Dur-
ing a 30-min rest period preceding the start of the measurements,
a catheter was inserted into a dorsal hand vein. The hand was
placed inside a box with the air heated to 55–608C (Department
of Medical Physics, Queen’s Medical Centre, Nottingham,
United Kingdom) to obtain arterialized venous blood samples;
the catheter was kept open during the experiment by flushing it
regularly with saline solution (8). The room was kept approxi-
mately thermoneutral at 258C, and the subjects were allowed to
watch light movies or listen to the radio to keep them relaxed.

Energy expenditure was measured by indirect calorimetry by
using an open-air circuit ventilated hood (Jaeger Oxycon Cham-
pion; Jaeger, Zoelen, Netherlands). Basal metabolic rate (BMR) was
measured before (0830–0850) and immediately after (0900–0920)
medication was taken. Breakfast was consumed at 0930–0950 and
gas exchange was measured for the next 5.5 h in 20-min blocks,
each followed by a 10-min calibration period. The intraindividual
day-to-day CV for BMR with this system was found previously to
be 3.9% (S Toubro, unpublished results, 1997).

Blood pressure was measured automatically (model UA-743;
Tadeka, Japan) every 30 min, heart rate and rectal temperature
were calculated as means during 20-min periods, and visual ana-
logue scales for hunger and satiety were completed hourly (9).

Laboratory analyses

Blood samples for plasma glucose were taken at 30-min inter-
vals starting at 0830 and samples for catecholamines were taken
every 60 min starting at 0900. Blood was sampled without stasis
through the indwelling hand cannula by using ice-cold syringes,
collected in tubes with heparin, and centrifuged at 1300 3 g,
48C, for 15 min. Samples for plasma glucose determination were
collected in tubes containing fluoride and EDTA, and plasma
glucose was measured by standard enzymatic methods (10).
Blood for determination of plasma catecholamines was collected
in tubes containing EGTA and glutathione. These samples were
centrifuged immediately at 3000 3 g, 48C for 10 min and plasma
was stored at 2808C until catecholamine concentrations were
determined by HPLC with electrochemical detection (11).

Statistics

The statistical analyses were performed by using SIGMA-
STAT statistical software (version 1.0; Jandel Scientific GmbH,
Erkrath, Germany) and the results were expressed as
means± SEMs. The time course for the different responses
showed a slow, sustained effect of sibutramine; consequently,
mean differences from baseline and the areas under the response
curves (AUCs) were calculated for both the full 5.5 h as well as
the last 3.5 h. Responses of the treatment groups were compared
by two-way analysis of variance for repeated measures with
treatment and meal as the 2 factors. Post hoc comparisons of dif-
ferences between the treatment groups were determined by using
Bonferroni’s multiple comparisons test.

RESULTS

Respiratory data

The time course of energy expenditure responses to sibutramine
plus meal (SM), sibutramine plus fast (SF), placebo plus meal
(PM), and placebo plus fast (PF) is shown in Figure 1. We decided
to use the second baseline period (0900–0920) to calculate
responses because mean values and within-subject variability
decreased significantly from the first (0830–0850) to the second
period (0900–0920; P < 0.05). This phenomenon was probably
due to the stress and discomfort associated with the insertion of
the catheter. The posttreatment increment in energy expenditure
was expressed as the AUC for the full 5.5 h as well as for the last
3.5 h for the 4 treatment groups (Table 2). Sibutramine caused a
significant increase in energy expenditure above that of placebo,
amounting to an average of 0.20 kJ/min (183%, SF compared with
PF) and 0.15 kJ/min (34%, SM compared with PM) during the full
5.5 h (P < 0.05) and 0.22 kJ/min (152%, SF compared with PF)
and 0.26 kJ/min (87%, SM compared with PM) during the last 3.5
h (P < 0.01). A comparison of the thermogenic response to sibu-
tramine and to placebo using a simplet test showed a significant
difference for SF compared with PF during both the full 5.5 h and
the last 3.5 h (P < 0.01). The increases in energy expenditure cor-
responded to an increase in BMR of 3.6% (fast) and 2.7% (meal)
during the whole 5.5 h, and 4.0% (fast) and 4.8% (meal) during
the last 3.5 h. Compared with placebo, sibutramine did not cause
any significant changes in the postprandial respiratory quotient in
either the fed or the fasted state (Table 3).

Plasma catecholamines and glucose

The plasma epinephrine and glucose responses to the 4 treat-
ment groups are shown in Figure 2. Compared with placebo, a
significant increase in the plasma glucose concentration was found
during the last 3.5 h after sibutramine administration (P < 0.05;
Table 2), with the main difference being between SM and PM. The
plasma epinephrine response, calculated as the AUC over the 5-h
period, was higher after sibutramine than after placebo by 0.40
nmol/5 h in the fed state and 0.30 nmol/5 h in the fasted state (P
< 0.01; Table 2). Sibutramine caused no significant changes in
plasma norepinephrine in either the fed or the fasted state.

Heart rate, blood pressure, and rectal temperature

Changes in heart rate, blood pressure, and rectal temperature
are shown in Figure 3. Compared with placebo, heart rate
increased by 8.6 beats/min in the SM group (P < 0.05) and by
7.0 beats/min in the SF group (P < 0.05) during the full 5.5 h.
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TABLE 1
Anthropometric data of the healthy, normal-weight men1

x– ± SEM

Age (y) 24.4 ± 1.1
Body weight (kg) 74.9 ± 2.0
Height (m) 1.83 ± 0.02
BMI (kg/m2) 22.5 ± 0.5
Fat mass (kg) 13.3 ± 0.7
Fat-free mass (kg) 61.6 ± 1.7

1x– ± SEM; n = 11.



This effect was even more pronounced for the last 3.5 h, with an
increase of 10.7 beats/min (P < 0.05) in the fed state and 7.5
beats/min (P < 0.05) in the fasted state (Table 3). Compared with
placebo, sibutramine induced a significant increase in the mean
diastolic blood pressure during the full 5.5 h (P < 0.05), whereas
both the mean diastolic and the mean systolic blood pressure
increased during the last 3.5 h (P < 0.05; Table 3). In the fed
state, sibutramine induced a significantly greater increase in rec-
tal temperature of 0.258C than did the placebo for the full 5.5 h
(P < 0.05) and 0.238C for the last 3.5 h (P < 0.05; Table 3). No
significant changes were observed in the fasted state.

When the data for the 4 different assessment days were
pooled, it was found that the changes in energy expenditure

tended to be positively correlated with the changes in plasma
epinephrine concentrations (r = 0.25,P = 0.05) for the total
(5 h) response, with the correlation being significant during the
late (last 3 h) response (r = 0.35,P < 0.05). Also, the increase
in energy expenditure was found to be positively correlated with
the mean increase in heart rate for both the total (r = 0.45,P <
0.01) and the late response (r = 0.55,P < 0.001). For the total
response, there was no significant correlation between the
increase in rectal temperature and energy expenditure, but during
the late response a significant correlation was found (r = 0.32,
P < 0.05). No correlations were found between changes in
plasma glucose and energy expenditure for either the total or the
late response.
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FIGURE 1. Energy expenditure in response to sibutramine plus meal (SM), placebo plus meal (PM), sibutramine plus fast (SF), and placebo plus
fast (PF). x– ± SEM; n = 11.

TABLE 2
Effect of oral sibutramine on energy expenditure, plasma epinephrine, plasma norepinephrine, and plasma glucose in healthy men1

Two-way ANOVA (P)

SM PM SF PF Treatment Meal or fast Treatment 3 meal or fast

Baseline (kJ/min) 5.38 ± 0.17 5.46 ± 0.19 5.38 ± 0.18 5.41 ± 0.16 — — —
Energy expenditure (kJ)

5.5 h 195.1 ± 19.7 145.1 ± 31.5 103.6 ± 22.3 36.6 ± 16.3 <0.05 < 0.001 NS
Last 3.5 h 116.2 ± 15.7 62.9 ± 20.5 76.7 ± 14.7 30.4 ± 12.1 <0.01 < 0.05 NS

Epinephrine (nmol/L)
5 h 0.5 ± 0.1 0.1 ± 0.2 0.4 ± 0.1 0.1 ± 0.1 <0.01 NS NS
Last 4 h 0.5 ± 0.1 0.2 ± 0.1 0.4 ± 0.1 0.1 ± 0.1 <0.01 NS NS

Norepinephrine (nmol/L)
5 h 0.5 ± 0.3 0.2 ± 0.2 0.3 ± 0.3 0.4 ± 0.1 NS NS NS
Last 4 h 0.4 ± 0.3 0.1 ± 0.2 0.2 ± 0.3 0.2 ± 021 NS NS NS

Plasma glucose (mmol/L)
5.5 h 2.2 ± 0.4 0.9 ± 0.4 20.2 ± 0.4 20.2 ± 0.4 NS < 0.0001 < 0.05
Last 3.5 h 1.2 ± 0.3 20.2 ± 0.2 20.1 ± 0.3 20.1 ± 0.3 <0.05 < 0.01 < 0.01

1x– ± SEM; area under the response curve. n = 11. SM, 30 mg sibutramine plus meal; PM, placebo plus meal; SF, 30 mg sibutramine plus fast; PF, placebo
plus fast.



Hunger and satiety

Sibutramine caused an increase in the satiety rating expressed
as AUC (cm/5 h) when compared with placebo: 2.3 for SM com-
pared with 22.44 for PM and 22.4 for SF compared with 29.6
for PF (P < 0.01; Table 4). No significant drug effect was found
on the hunger ratings (P = 0.07).

DISCUSSION

We found that compared with placebo, sibutramine caused a
significant increase in energy expenditure in both the fed and
fasted states. Energy expenditure increased by a mean of 0.15
kJ/min during the whole 5.5 h and by 0.26 kJ/min during the last
3.5 h in the fed state, with the thermogenic effect being equiva-
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FIGURE 2. Plasma epinephrine and glucose responses after sibutramine plus meal (SM), placebo plus meal (PM), sibutramine plus fast (SF), and
placebo plus fast (PF). x– ± SEM; n = 11.

TABLE 3
Effect of oral sibutramine on respiratory quotient (RQ), heart rate (HR), blood pressure, and rectal temperature in healthy men1

Two-way ANOVA (P)

SM PM SF PF Treatment Meal or fast

RQ
5.5-h 20.01 ± 0.01 0.005 ± 0.01 20.03 ± 0.01 20.02 ± 0.01 NS <0.05
Last 3.5-h 20.02 ± 0.01 20.01 ± 0.0 20.04 ± 0.0 20.03 ± 0.01 NS NS

HR (beats/min)
5.5-h 11.98 ± 2.2 2.52 ± 0.9 10.05 ± 0.9 3.08 ± 0.8 <0.001 NS
Last 3.5-h 12.55 ± 2.5 1.9 ± 1.0 11.44 ± 1.0 3.96 ± 1.0 <0.001 NS

DBP (mm Hg)
5.5-h 2.46 ± 1.8 20.89 ± 0.9 6.22 ± 0.3 3.56 ± 0.6 <0.05 <0.05
Last 3.5-h 2.74 ± 2.0 0.34 ± 0.9 7.53 ± 0.5 6.25 ± 0.6 <0.05 <0.01

SBP (mm Hg)
5.5-h 8.21 ± 2.2 3.45 ± 2.4 8.98 ± 2.03 6.45 ± 1.4 NS NS
Last 3.5-h 9.52 ± 2.1 3.39 ± 2.7 11.33 ± 2.3 8.90 ± 1.9 <0.05 NS

Temperature (8C)
5.5-h 0.46 ± 0.06 0.21 ± 0.04 0.38 ± 0.05 0.30 ± 0.06 <0.01 NS
Last 3.5-h 0.53 ± 0.07 0.30 ± 0.05 0.45 ± 0.06 0.37 ± 0.07 <0.05 NS

1x– ± SEM; mean differences from baseline. SM, 30 mg sibutramine plus meal; PM, placebo plus meal; SF, 30 mg sibutramine plus fast; PF, placebo plus
fast; DBP, diastolic blood pressure; SBP, systolic blood pressure. There were no significant treatment 3 meal (or fast) interactions.



lent to 3–5% of BMR. The present study is, to our knowledge,
the first to report a thermogenic effect of sibutramine in humans.
The magnitude of the thermogenic response was similar to that
induced by ephedrine and the amount of caffeine in a cup of cof-
fee, which are other sympathomimetic agents possessing weight-
reducing properties in humans (12–14), as well as by other
adrenergic thermogenic agents (15).

Sibutramine itself is pharmacologically rather inactive and its
action depends on first-pass metabolism into 2 active metabolites
that reach their plasma peak values 1–2 h after oral ingestion and
have half-lives of 16 and 14 h, respectively (16). We took this
pharmacokinetic profile into consideration when we designed
this study. Consequently, measurement of energy expenditure
was continued until 6.5 h after sibutramine ingestion, and the
analysis was separated into a total and a late response. This

approach seems justified because sibutramine caused a sustained
increase in energy expenditure that showed no sign of declining
by the time of the last measurement (Figure 1). The fact that the
thermogenic response during the fed state (ie, sibutramine AUC
compared with placebo AUC) was greater in the last 3.5 h than
the in entire 5.5-h postprandial period indicates that its thermo-
genic activity is likely to be sustained for a considerable time.
This suggests that the present study has, if anything, underesti-
mated the impact of sibutramine on daily energy expenditure,
and longer studies including more meals (eg, lunch) are war-
ranted.

The pharmacokinetic profile of the active metabolites may
explain the failure of a recent study to detect an acute thermo-
genic effect of 30 mg sibutramine. Seagle et al (17) measured
thermogenic effect for only 3 h after intake and found no differ-
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FIGURE 3. Changes in mean diastolic blood pressure, heart rate, and rectal temperature after sibutramine plus meal (SM), placebo plus meal (PM),
sibutramine plus fast (SF), and placebo plus fast (PF). x– ± SEM; n = 11.

TABLE 4
Effect of oral sibutramine on satiety and hunger in healthy men1

Two-way ANOVA (P)

SM PM SF PF Treatment Meal or fast

cm2/5h

Satiety 2.3 ± 1.7 22.4 ± 2.5 22.6 ± 1.9 29.6 ± 2.1 <0.01 <0.01
Hunger 0.5 ± 2.9 0.04 ± 2.1 1.5 ± 2.2 11.9 ± 3.2 0.07 <0.05

1x– ± SEM; area under response curve for 5-h period. n = 11. SM, 30 mg sibutramine plus meal; PM, placebo plus meal; SF, 30 mg sibutramine plus fast;
PF, placebo plus fast. There were no significant treatment 3 meal (or fast) interactions.



ence between 30 and 10 mg sibutramine and placebo treatments
(17). This finding agrees with our results because there was no
significant thermogenic effect of sibutramine in the first 3 h
after intake.

In animal studies, it has been shown that sibutramine stimu-
lates sympathetic nervous system activity, and this in turn acti-
vates thermogenesis in brown adipose tissue (2). The thermo-
genic properties of sibutramine in humans are also likely to be
due to a stimulatory effect on the sympathoadrenal system, as
indicated by reports of increases in heart rate and blood pressure
(4, 18). However, in the present study no consistent increase in
plasma norepinephrine was found. By contrast, we observed that
plasma epinephrine concentrations were increased by sibu-
tramine both in the fed and fasted states, and that the late ther-
mogenic response significantly correlated with the correspond-
ing increase in plasma epinephrine. The failure to detect an
increase in plasma norepinephrine concentration does not allow
a firm conclusion about sympathetic activity to be made because
plasma norepinephrine concentrations provide only a very
approximate index of sympathetic activity (19). However, the
results of the present study show that the sympathetic efferent
pathways to the adrenal medulla were activated, causing
increased epinephrine secretion, and the increased circulating
epinephrine is likely to be at least partly responsible for the ther-
mogenic effect (20, 21).

In accordance with previous animal and human studies (2, 7),
we found an acute satiety-enhancing effect of sibutramine, the
reverse effect on the hunger ratings compared with placebo was
also seen when one subject, whose response to SM differed
markedly from that of the other subjects, was excluded (P <
0.01). 

Loss of body weight is often associated with a decrease in
BMR, partly because of the loss of FFM and lower activity of the
sympathetic nervous sytem (19). Moreover, several studies have
found that the relative reduction in BMR is larger than the rela-
tive reduction in body weight (22, 23). Thus, if sibutramine has
sufficient thermogenic activity to attenuate the decline in meta-
bolic rate, it will help maximize its effect on food intake and
energy balance, thereby resulting in more weight loss than could
be achieved by energy restriction alone. Moreover, the thermo-
genic activity would allow body weight to become stabilized at
a somewhat higher, more acceptable energy intake, and this
should aid compliance during long-term weight maintenance.

Several studies have indicated that a low BMR for a given
body size and composition may be involved in some cases of
obesity. Ravussin et al (24) reported in a prospective study that
subjects with a low adjusted BMR were at higher risk for subse-
quent weight gain than were individuals with a high adjusted
BMR. Moreover, a meta-analysis of BMR in formerly obese sub-
jects and matched control subjects found that the formerly obese
had a 3% lower BMR and had a 5-fold higher risk of having a
very low BMR than the never obese (25). Other studies have
looked for possible explanations of the lower BMR of obesity-
prone subjects and lower thyroid hormones and sympathoadrenal
activity have been suggested (26). A recent prospective study
found that low urinary norepinephrine excretion was associated
with increased body weight gain and low epinephrine excretion,
with an increased risk of abdominal obesity (27). Most studies
have indicated that plasma epinephrine concentrations are nor-
mal or subnormal in obesity (28) and that the concentrations are
not normalized by weight loss (29). Thus, in this context, it is

possible that sibutramine may have a special role in the weight
management of obese subjects with low BMRs and epinephrine
concentrations.

The finding of increased heart rate agrees with the well-
known pharmacologic profile of sibutramine (1). In the present
study, we found that the changes in heart rate and thermogenesis
caused by sibutramine correlated significantly (r = 0.45–0.55).
It is well established that increased energy expenditure achieved
by physiologic and pharmacologic stimulants is accompanied by
increased heart rate in acute studies (30). In field studies, heart
rate monitoring is often used as a surrogate measure of energy
expenditure (31). The increased heart rate is supposed to reflect
the increased metabolic activity and heat production of various
organs and tissues, which require hemodynamic homeostatic
alterations to maintain a normal body temperature. The present
findings indicate that ≥25% (r2 = 0.52) of the increased heart
rate induced by sibutramine may be secondary to increased heat
production. The increased heart rate and blood pressure increase
cardiac work, which may contribute to the thermogenic effect of
sibutramine. However, cardiac thermogenesis induced by sym-
pathomimetic agents with thermogenic and cardiovascular
effects similar to sibutramine has been estimated to account for
<5% of their whole-body thermogenic effect (32). The major
sites of sibutramine-induced thermogenesis remain to be deter-
mined. The acute cardiac effects of sibutramine may not be
desirable in obese subjects. However, during chronic treatment,
the accompanying weight loss markedly reduces cardiac work so
that the net result is a reduction in blood pressure and heart rate
in most patients (33).

In summary, we found that sibutramine caused a significant
3–5% increase in energy expenditure as well as a significant
increase in satiety ratings in normal-weight men. This reciprocal
relation between pharmacologic suppression of food intake and
stimulation of thermogenesis agrees with the results of other
studies (14, 34, 35). The increased metabolic rate correlated with
a significant increase in plasma epinephrine and heart rate, and
may indicate involvement of the sympathetic nervous system,
which would be consistent with its activity in animals.

REFERENCES

1. Gundlah C, Martin KF, Heal DJ, Auerbach SB. In vivo criteria to
differentiate monoamine reuptake inhibitors from releasing agents:
sibutramine is a reuptake inhibitor. J Pharmacol Exp Ther 1997;
283:581–91.

2. Stock MJ. Sibutramin: a review of the pharmacology of a novel
anti-obesity agent. Int J Obes 1997;21:25–9.

3. Bray GA, Ryan DH, Gordon D, Heidingsfelder H, Gense F, Wilson
K. A double-blind randomized placebo-controlled trial of sibu-
tramine. Obes Res 1996;4:263–70.

4. Weintraub M, Rubio A, Golik A, Byrne I, Scheinbaum ML. Sibu-
tramine in weight control: a dose-ranging, efficacy study. Clin
Pharmacol Ther 1991;50:330–7.

5. Hanotin C, Thomas F, Jones SP, Leutenegger E, Drourin P. Efficacy
and tolerability of sibutramine in obese patients: a dose-ranging
study. Int J Obes 1998;22:32–8.

6. Rolls BJ, Shide DJ, Thorwart ML, Ulbrecht JS. Sibutramine
reduces food intake in non-dieting women with obesity. Obes Res
1998; 6:1–11.

7. Heitmann BL. Prediction of body water and fat in adult Danes from
measurement of electrical impedance. A validation study. Int J
Obes 1990;14:789–802.

THERMOGENIC EFFECTS OF SIBUTRAMINE IN HUMANS 1185



1186 HANSEN ET AL

8. Gallen IW, Macdonald IA. Effects of two methods of hand heating
on body temperature, forearm blood flow, and deep venous oxygen
saturation. Am J Physiol 1990;259:E639–43.

9. Raben A, Tagliabue A, Astrup A. The reproducibility of subjective
appetite scores. Br J Nutr 1995;73:517–30.

10. Bergmeyer HV. Methods of enzymatic analysis. 2nd ed. New York:
Academic Press, 1974.

11. Macdonald IA, Lake DM. An improved technique for extracting cat-
echolamines from body fluids. J Neurosci Methods 1985;
13:239–48.

12. Astrup A, Toubro S, Cannon S, Hein P, Breum L, Madsen J. Caf-
feine: a double-blind, placebo-controlled study of its thermogenic,
metabolic, and cardiovascular effects in healthy volunteers. Am J
Clin Nutr 1990;51:759–67.

13. Astrup A, Toubro S, Cannon S, Hein P, Madsen J. Thermogenic,
metabolic, and cardiovascular effects of a sympathomimetic agent,
ephedrine. Curr Ther Res Clin Exp 1990;48:1087–100.

14. Dulloo AG, Miller DS. The thermogenic properties of
ephedrine/methylxanthine mixtures: human studies. Int J Obes
1986;10:467–81.

15. Yen T. b-Agonists as antiobesity, antidiabetic and nutrient partition-
ing agents. Obes Res 1995;3:531–6.

16. Garrat CJ, Hind ID, Haddock RE. Single/repeat dose kinetics of
sibutramine metabolites in obese subjects. J Clin Pharmacol
1995;35:928 (abstr).

17. Seagle HM, Bessesen DH, Hill JO. Effects of sibutramine on rest-
ing metabolic rate and weight loss in overweight women. Obes Res
1998;6:115–21.

18. Wauters M, Peiffer F, Gubbels N, et al. Visceral fat decreases after
six month treatment with sibutramine in obese subjects. Int J Obes
1997;21:S55 (abstr).

19. Astrup A, Macdonald IA. Sympathoadrenal system and metabolism.
In: Bray G, Bouchard C, James P, eds. Handbook of obesity, ed.
New York: Marcel Dekker Inc, 1997:491–511.

20. Webber J, Taylor J, Greathead H, Dawson J, Buttery PJ, Macdonald
IA. The effect of fasting on the thermogenic, metabolic and cardio-
vascular responses to infused adrenaline. Br J Nutr 1995;74:
477–90.

21. Simonsen L, Stallknecht B, Bulow J. Contribution of skeletal mus-
cle and adipose tissue to adrenaline-induced thermogenesis in man.
Int J Obes 1993;17(suppl):47–51.

22. Jebb SA, Goldberg GR, Coward WA, Murgatroyd PR, Prentice AM.
Effect of weight cycling caused by intermittent dieting on metabolic

rate and body composition in obese women. Int J Obes 1991;15:
367–74.

23. Leibel RL, Rosenbaum M, Hirsch J. Changes in energy expenditure
resulting from altered body weight. N Engl J Med 1995;10:621–8.

24. Ravussin E, Lillioja S, Knowler WC, et al. Reduced rate of energy
expenditure as a risk factor for body weight gain. N Engl J Med
1993;318:467–72.

25. Astrup A, Gøtzsche P, Toubro S, et al. A low resting metabolic rate
in formerly obese: a meta analysis. Int J Obes 1997;21(suppl):19
(abstr).

26. Astrup A, Buemann B, Toubro S, Ranneries C, Raben A. Low rest-
ing metabolic rate in subjects predisposed to obesity: a role for thy-
roid status. Am J Clin Nutr 1996;63:879–83.

27. Tataranni PA, Young JB, Ravussin E. A low sympathetic nervous
system activity is associated with body weight gain in Pima Indians.
Obes Res 1997;5:341–7.

28. Young J B, Macdonald IA. Sympathoadrenal activity in human obe-
sity: heterogeneity of findings since 1980. Int J Obes 1992;16:
959–67.

29. Andersen HB, Raben A, Astrup A, Christensen NJ. Plasma adrena-
line concentration is lower in post-obese than in never-obese women
in the basal state, in response to sham-feeding and food intake. Clin
Sci 1994;87:69–74.

30. Liu Y-L, Toubro S, Astrup A, Stock MJ. Contribution of b3-adreno-
ceptor activation to ephedrine-induced thermogenesis in humans.
Int J Obes 1995;19:678–85.

31. Davidson L, McNeill G, Haggarty P, Smith JS, Franklin MF. Free-
living energy expenditure of adult men assessed by continuous
heart-rate monitoring and doubly-labelled water. Br J Nutr
1997;78:695–708.

32. Astrup A, Bülow J, Madsen J, Christensen NJ. Contribution of BAT
and skeletal muscle to thermogenesis induced by ephedrine in man.
Am J Physiol 1985;248:E507–15.

33. Lean MEJ. Sibutramine—a review of clinical efficacy. Int J Obes
1997;21(suppl):S30–6.

34. Astrup A, Buemann B, Christensen NJ. The effect of ephedrine/caf-
feine mixture on energy expenditure in obese women. Metabolism
1992;42:686–8.

35. Connacher AA, Jung RT, Mitchell PEG. Weight loss in obese sub-
jects on a restricted diet given BRL 26830A, a new atypical a

adrenoceptor agonist. BMJ 1988;296:1217–20.


