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Abstract

Plasma leptin concentrations are markedly reduced in malnourished patients with anorexia nervosa (AN). Whether the long-term
underweight and low-fat stores affect the leptin response to exercise remains unknown. We investigated the effect of 45-minute cycle
ergometer exercise (2 W kg~ ' of lean body mass [LBM]) on plasma leptin, norepinephrine (NE), glycerol, and insulin levels in 10 patients
with AN and in 15 healthy age-matched women (C). Plasma leptin levels immediately and 90 minutes after the exercise bout were
significantly reduced compared with basal leptin levels in both AN and C groups (P < .05). Compared with the control trial, leptin levels
were significantly lower immediately and 90 minutes after exercise in the AN group (P < .05) but not in the C group. Basal and exercise-
induced plasma glycerol and NE levels did not differ significantly between the groups. Basal and exercise-induced plasma insulin levels were
significantly lower in the AN group compared with the C group (P < .05). In conclusion, we demonstrated that a single bout of low-intensity
exercise significantly reduces plasma leptin levels in patients with AN. In healthy women, exercise had no effect on lowering leptin
concentrations beyond the diurnal decrease that occurs in the absence of exercise. Neither NE nor insulin are responsible for the different
response of leptin to exercise in AN.
© 2007 Elsevier Inc. All rights reserved.

1. Introduction or no change [12-16] in leptin levels have been reported
after a single bout of exercise.

Exercise alters concentrations of certain hormones that
may alter leptin concentrations, including insulin, cortisol,
catecholamines, and growth hormone [17-19]. Among these,
lipolytic norepinephrine (NE) and antilipolytic insulin play
an important counteracting role in the regulation of leptin
production. As the sympathetic nervous system (SNS) was
established to have a tonic inhibitory action on leptin
synthesis [20], adrenergic regulation may contribute to the
rapid decline in circulating leptin that occurs when the SNS is
activated, such as during fasting or exercise [20-22]. On the
contrary, it has been demonstrated that leptin expression
occurs after elevation of insulin in response to feeding [23],
and leptin levels decline after reduction in insulin during
fasting [4]. This decline of leptin during fasting should be
reversed by insulin administration [24].

Anorexia nervosa (AN) is a psychiatric disorder charac-
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Leptin is a hormone with multiple functions, including
predominantly long-term regulation of body weight, energy
balance, and body temperature [1,2]. It is produced pre-
dominantly by adipocytes and causes satiety by regulating
hypothalamic neurotransmission and energy expenditure
[3]. However, large variations in plasma leptin levels have
been noted for a given level of body fat [4-6], suggesting
that other factors, such as catecholamines, insulin, free fatty
acids, food intake, gender, and sex, may be involved in the
regulation of leptin levels. Recent data have provided
evidence on the regulatory role of leptin in energy intake
and energy expenditure in humans [7,8]. Thus, exercise with
concomitant alterations in energy balance may influence
leptin metabolism. However, in humans, the effect of
exercise on leptin is not defined. Either a reduction [9-11]
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and fat loss in affected patients [25]. As expected, severe
malnutrition in AN is associated with altered glucose and
lipid metabolism and multiple endocrine perturbations.
Some of these abnormalities may be linked to alterations
in adipocytokine production [26]. Several studies have
previously described markedly reduced basal plasma leptin
levels in malnourished and underweight anorectic patients
[27-29]. However, responses of plasma leptin to a single
bout of exercise in patients with AN have not been explored.
We hypothesized that in underweight patients with AN
who have markedly low plasma leptin [29] and insulin
levels (Dostalova et al, 2006, in press) and increased
exercise-induced adipose tissue NE and glycerol levels
[19], the production of leptin during a single bout of low-
intensity exercise could be altered and could contribute to
extreme sensitivity of these patients to energy imbalance
and consequently to weight loss (ie, relapse). Therefore, we
decided to investigate the effect of a single bout of exercise
on plasma leptin, NE, insulin, and glycerol levels in patients
with AN. To account for a diurnal variation of leptin and for
the effect of 12 hours’ fasting of the subjects, a control trial
consisting of the same blood-sampling protocol without
exercise was conducted the next day after exercise.

2. Subjects and methods
2.1. Study subjects

Ten women with a restrictive type of AN (age, 22.1 +
1.0 years; body mass index [BMI], 15.7 + 0.47 kg m %
percent body fat, 7.1% £ 0.88%) and 15 healthy age-
matched women (control [C]; age, 21.3 + 0.9 years; BMI,
21.2 + 0.42 kg m ?; percent body fat, 24.3% + 0.79%)
were enrolled in this study. All subjects included in the
study were nonsmokers, had no allergies, and had been free
of medications for at least 3 weeks before the study.
Professional athletes were not included in the study. The
healthy control subjects had no history of obesity or
malnutrition, hypertension, gastrointestinal diseases, eating
disorders, or other psychiatric disorders, and had normal
physical examination and electrocardiogram (ECG) results.
Blood tests confirmed normal blood count and liver and
renal functions. Patients with AN were diagnosed according
to the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (American Psychiatric Associa-
tion, 1994) after detailed medical and psychiatric evaluation.
All patients with a restrictive type of AN were examined
after 2 weeks of hospitalization in the Department of
Psychiatry and were clinically stable and in relatively good
health except for their eating disorder. All healthy women
were studied on the 7th to 10th day of their menstrual cycle,
whereas all patients with AN had amenorrhea. All partic-
ipants provided written informed consent before participat-
ing in the study, which was approved by the Human Ethic
Review Committee, Institute of Endocrinology, Prague,
Czech Republic, and was performed in accordance with the
guidelines proposed in the Declaration of Helsinki.

2.2. Experimental procedures

Upon enrollment in the study, subjects were asked to fast
(from 8:00 PM) and drink only water the night before the
study and not to use stimulant drugs, such as caffeine,
nicotine, or alcohol, for 2 days before the experiment. The
week before the study, the maximum oxygen uptake was
determined in a treadmill test using standard procedures
(Bruce protocol). All subjects were admitted to the Institute
of Endocrinology at 7:00 AM in the following 2 days. After
a short medical examination (blood pressure, heart, and
respiratory rate measurement, ECG), percent body fat was
estimated by anthropometric measurement and bioimped-
ancy (TANITA, Tokyo, Japan). All subjects were then
placed in supine position on a comfortable bed in a room
kept at 23°C to 25°C. An intravenous catheter was placed in
the antecubital vein, and a normal saline lock was attached.
Blood collection started at least 45 minutes after catheter
insertion and bed rest to reach a steady-state condition. The
first blood samples were collected at 8:00 AM after 12 hours
of fasting (resting levels), then immediately after the
exercise bout (at 10:00 AM), and finally, 90 minutes after
the end of the exercise bout (at 11:30 AM). Similarly, the
next day blood samples were taken at 8:00, 10:00, and
11:30 AM without the exercise stimulation. All blood
samples were taken when subjects were in a supine position.
For each blood draw, the first 3 mL of blood (with saline
from the catheter lock) preceding a 20-mL draw was
withdrawn into a discard tube. After each draw, the catheter
was flushed with physiological saline (3 mL) to maintain
patency. On the first day, subjects underwent 45 minutes of
physical exercise on an electromagnetically braked bicycle
ergometer (Cateye, Japan) at a power output of 2 W kg~ ' of
lean body mass (LBM). After finishing an exercise bout, all
subjects assumed a resting supine position on a comfortable
bed for 90 minutes. The metabolic rate during exercise was
measured as oxygen consumption with a modified para-
magnetic oxygen analyzer (Spirolyt, Junkalor, Dessau,
Germany). ECG, heart rate, and blood pressure were
monitored with an Eagle 3000 cardiomonitor (Marquette,
Milwaukee, WI). Oxygen consumption, heart rate, and
blood pressure during the 45-minute exercise were mea-
sured every 5 minutes. Blood samples for leptin assay were
collected into chilled polypropylene tubes containing
Na,EDTA and antilysin. Plasma was immediately separated
from whole blood by centrifugation at 3000 rpm for
20 minutes at 4°C, and stored at —20°C until assay.

2.3. Analytical procedures

Plasma leptin concentrations were determined by a
commercial radioimmunoassay (Linco Research, St Charles,
MO). The detection limit of the assay was 0.05 ng mL ™",
with intra-assay coefficients of variation (CVs) of 5.25%
and 5.97%, and interassay CVs of 8.9% and 8.67% for
low (044 ng mL™') and high (4.24 ng mL™"') leptin
levels, respectively.
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Table 1
Characteristics of the study subjects

Cm=15) AN (n = 10)
Age (y) 21.3 £ 0.9 22.1 + 1.0
Height (cm) 1719 £+ 1.86 170.8 + 1.11
Weight (kg) 622 + 1.54 458 + 1.89*
Lean body mass (kg) 39.1 + 0.76 37.8 + 1.01
BMI (kg m %) 21.2 + 0.42 15.7 + 0.47*
Body fat (%) 243 + 0.79 7.1 £ 0.88*
Leptin (ng mL™")? 74 £ 081 1.5 + 0.32*
NE (pg mL~")* 151.6 £ 18.26 177.1 £ 22.37
Glycerol (umol L™y 135.8 £ 17.41 139.9 £ 19.08
Insulin (pmol L™")* 283 + 4.53 14.2 + 3.67*
Glucose (mmol L™1)? 4.7 + 0.08 4.1 +0.11

Values are expressed as mean + SEM. n indicates number of probands.
* Blood samples were taken at 8.00 AM (exercise trial).
* P < .05 vs control subjects.

Plasma NE was assayed by high-performance liquid
chromatography, using electrochemical detection after
purification on alumina [30]. Plasma glycerol was measured
by radiometric kit (Randox Laboratories, GY105, Mont-
pellier, France). Plasma insulin was measured by a
commercial radioimmunoassay (Immunotech, Prague,
Czech Republic). Sensitivity was 3.7 pmol L™' and the
intra- and interassay variability was 3.4% and 4.3%,
respectively. Plasma glucose levels were measured in a
Cobas Integra 400 plus system (Roche Diagnostics,
Mannheim, Germany). All samples were run 4 times (2
assays in duplicate).

2.4. Data analysis

All data are presented as mean + SEM. Data were
analyzed by 2-way analysis of variance (ANOVA) with
factors AN and time, and using Bonferroni intervals. Tukey
interaction between factors was incorporated into the
statistical model. Statistical differences between groups
were analyzed by the Mann-Whitney rank sum test.

Statistical differences between the phases of the experiment

Table 2

Circulatory response of the study subjects

C @ = 15) AN (n =10)

Heart beat (beats min~ ")

Rest 83+ 125 71 + 2.9%

Exercise 107 + 3.17 102 + 1.9¢
Systolic blood pressure (mmHg)

Rest 110 +£ 3.3 90 + 3.3%

Exercise 125 + 2.1} 103 £+ 2.8%f
Diastolic blood pressure (mmHg)

Rest 74 + 2.8 59 + 2.9%

Exercise 77 £ 3.5 63 £ 3.3*%
Vo, (mL kg~ min~")

Rest 3.1 £ 0.6 29+ 0.7

Exercise 9.2 + 0.41 7.4 + 0.5%F
Vo,max (mL kg ' min ") 36.5 £ 24 243 + 3.5%
Vo,max (L min~") 23+ 0.15 1.1+ 0.17*

Values are expressed as mean = SEM. Exercise results are maximal values
attained during the investigation.

* P < .05 vs control subjects.

T P < .05 vs resting values.

were analyzed by Wilcoxon paired test. A P value equal to
or less than .05 denoted statistical significance. All statistics
were performed using Statgraphics Plus 3.3 (Manugistics,
Rockville, MA).

3. Results

The baseline characteristics and the circulatory response
of the study subjects on exercise stimulation are shown in
Tables 1 and 2, respectively. Patients with AN were
extremely malnourished as evidenced by severely decreased
BMI and body fat content relative to the C group (Table 1).
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Fig. 1. A, Plasma leptin levels (percent of basal value) under the effect of a
single bout of exercise (2 W kg ™' of LBM, 45 minutes) in patients with AN
(n = 10) and in healthy women (C, n = 15). Plasma leptin levels were
measured at rest (8:00 AM), immediately after the end of the exercise bout
(10:00 AM) and after 90 minutes of recovery (11:30 AM). Values are
expressed as mean + SEM. "P < .05 vs basal levels; "P < .05 vs C group;
$P < .05 vs control trial levels. B, Plasma leptin levels (percent of basal
value) during the control trial in patients with AN (n = 10) and in healthy
women (C, n = 15). Plasma leptin levels were measured at 8:00, at 10:00,
and at 11:30 AM. The same probands as in the exercise trial participated in
the control trial on the following day after exercise. Values are expressed as
mean + SEM. "P < .05 vs basal levels; *P < .05 vs C group.
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Fig. 2. The effect of a single bout of exercise (2 W kg~' of LBM,
45 minutes) on plasma NE (picograms per milliliter) levels in patients with
AN (n = 10) and in healthy women (C, n = 15). Plasma NE levels were
measured at rest (8:00 AM), immediately after the end of the exercise bout
(10:00 AM) and after 90 minutes of recovery (11:30 AM). Values are
expressed as mean = SEM. "P < .05 vs basal levels.

Baseline plasma insulin levels were significantly reduced in
the AN group compared with the C group, whereas fasting
plasma glucose did not significantly differ between the
groups studied (Table 1). The oxygen consumption under
basal conditions was comparable in the groups studied.
However, the maximum oxygen consumption (VO,max) as
well as the highest value of oxygen consumption reached
during exercise was significantly lower in patients with AN
(Table 2). The resting heart rate and systolic and diastolic
blood pressure were markedly lower in patients with AN
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Fig. 3. The effect of a single bout of exercise (2 W kg~ ' of LBM,
45 minutes) on plasma glycerol (micromoles per liter) levels in patients
with AN (n = 10) and in healthy women (C, n = 15). Plasma glycerol
levels were measured at rest (8:00 AM), immediately after the end of the
exercise bout (10:00 AM), and after 90 minutes of recovery (11:30 AM).
Values are expressed as mean = SEM. "P < .05 vs basal levels.
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Fig. 4. The effect of a single bout of exercise (2 W kg~' of LBM,
45 minutes) on plasma insulin (picomoles per liter) levels in patients with
AN (n = 10) and in healthy women (C, n = 15). Plasma insulin levels were
measured at rest (8:00 AM), immediately after the end of the exercise bout
(10:00 AM), and after 90 minutes of recovery (11:30 AM). Values are
expressed as mean = SEM. *P < .05 vs C group.

than in the C group (Table 2). Exercise stimulation led to
significant increases in heart beat and systolic blood
pressure, but not in diastolic blood pressure in both groups
when compared with resting values (Table 2).

3.1. Basal and exercise-induced plasma
leptin concentrations

Basal plasma leptin levels were markedly lower in the
AN group than in the C group (Table 1). Plasma leptin
levels measured immediately after the exercise bout and
after 90 minutes of recovery significantly decreased in both
groups compared with basal levels (Fig. 1A).

3.2. Comparison of exercise-induced and
control trial leptin levels

For the C group, leptin levels declined to the same extent
during control and exercise trials. However, in the AN
group, leptin concentrations declined only during the
exercise trial (Fig. 1A, B).

3.3. Basal and exercise-induced plasma NE, glycerol, and
insulin concentrations

Basal and exercise-induced plasma NE (Fig. 2) and
glycerol (Fig. 3) levels were not significantly different
between the groups. Plasma NE as well as glycerol levels
significantly increased during exercise and decreased to the
levels conformable to those observed under basal conditions
90 minutes after the end of an exercise bout (Figs. 2 and 3).
Basal and exercise-induced plasma insulin levels were
significantly lower in patients with AN compared with
controls (Fig. 4). In both groups, insulin levels were not
significantly changed immediately after and 90 minutes
after exercise compared with basal levels (Fig. 4).
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3.4. Relationship of plasma leptin with other parameters

Plasma leptin levels correlated positively with BMI (R =
0.68, P = .03) and negatively with plasma glycerol levels
(R = —0.82, P = .04) in the AN group, but not in the
C group. We did not confirm significant correlation between
baseline, exercise-stimulated, and postexercise leptin levels,
respectively, and percent body fat, plasma NE, insulin, and
glucose levels in any group studied.

4. Discussion

The most important finding of this study is that a single
bout of moderate-intensity exercise significantly reduces
plasma leptin levels in underweight patients with a
restrictive type of AN, but not in healthy normal-weight
women in comparison with leptin levels found in these
subjects during the control trial. Furthermore, basal and
exercise-induced plasma NE as well as glycerol levels were
not significantly different in patients with AN compared
with the C group. Basal and exercise-induced plasma insulin
levels were significantly reduced in patients with AN
compared with the C group. In both groups, NE as well
as glycerol levels were significantly increased and plasma
insulin levels were not changed immediately after exercise
compared with basal levels.

Studies that have investigated effects of short-term
exercise on leptin have shown either reductions [9,10,31]
or no change [12] in leptin concentrations. In the study of
Jurimae and Jurimae [10], relatively short-term (30 minutes)
intense exercise significantly decreased plasma leptin levels,
and in the study of Elias et al [9], short-term exhaustive
exercise in male volunteers led to decline in plasma leptin
levels. However, a control trial was not conducted in these
studies to determine whether diurnal changes accounted for
observed reductions. In the study of Kraemer et al [31],
30 minutes of exercise at 80% of VO,max was associated
with reduced leptin concentrations in postmenopausal
women, but the reductions were due to the circadian
rhythms of leptin as determined from control trial samples
from the same subjects. Thus, reported reductions in leptin
levels during a single bout of exercise could be attributed to
circadian rhythms. The absence of any reduction in leptin
reported in short-term exercise study may be due to the
limited energy expenditure of these exercise bouts [18,32],
or the protocol of these studies excluded prolonged
postexercise blood sampling. Previous studies that used
aerobic running exercise in lean healthy men have reported
delayed leptin reduction 24 and/or 48 hours after exercise
but not immediately after the exercise bout [33,34].

The positive attribute of our study is that results found
under the effect of exercise were compared with those
obtained during control trial in the same subjects on the
following day to control for diurnal changes and/or the
effect of prolonged overnight fasting, previously underlined
to be important for the validity of obtained data [14]. It is

well established that circulating leptin levels in humans
follow a diurnal pattern, with zenith and nadir at about
midnight and shortly after the morning breakfast, respec-
tively [33,35]. The reduction in plasma leptin levels that we
observed during exercise in the C group appears to be a
continuation of the natural late-night/early-morning decline
in plasma leptin levels [35], as both exercise and control
trial leptin concentrations declined in nearly the same
manner. Another possibility could be that the observed
decrease of plasma leptin levels in the C group is due to
prolonged overnight fasting in both exercise and control
trials, with exercise of low-energy expenditure having no
effect on leptin levels [32]. Moreover, it is also possible that
if our subjects had exercised for a longer period and/or we
had measured plasma leptin levels for a longer time, an
exercise-induced reduction in leptin might have taken place
in healthy women. Patients with AN could have altered
timing of the leptin regulation in acute energy disbalance.

We did not find any reduction in plasma leptin levels
during the control trial in patients with AN. Balligand et al
[36] previously demonstrated that AN is associated with the
complete lack of diurnal leptin pulsation, and short-term
refeeding is not sufficient to restore this abnormality. We
suppose that patients with AN are adapted to a state of
chronic starvation with markedly low leptin and insulin
levels and prolonged fasting is not sufficient to further
decrease plasma leptin levels in these patients. However,
this observation does not explain the rapid decrease of
plasma leptin levels after a single bout of exercise that we
observed in patients with AN.

Leptin responds to the difference between intake and
expenditure in healthy women [32]. It was previously
underlined that the threshold for energy deficit (short-term
exercise energy expenditure considerably exceeds energy
intake) must achieve the leptin levels being suppressed by
exercise. Subjects in our study underwent the exercise trial
of intensity about 25% VO,max after 12 hours of overnight
fasting. Compared with other studies, the intensity of
exercise in our study is low, but the intensity and duration
of exercise in our study had been limited by the physical
condition of extremely malnourished patients with AN.
Fitting the intensity of the exercise, we further had to bear in
mind the aim of this study—to investigate the leptin
response to exercise of intensity that could be reached in
normal daily life to test the possible hypersensitivity of AN
to energy expenditure. However, the rapid decrease of leptin
during low-intensity exercise does not support our original
hypothesis of leptin’s role in the tendency to weight
reduction after low-intensity energy expenditure in patients
with AN. The sensitive response of leptin to exercise in
these patients is probably a part of adaptive mechanisms
leading to conservation of energy and to increased feelings
of hunger after energy expenditure. Because the previous
diet, meal schedule, and physical activity of patients with
AN had been controlled during the 2 weeks of hospitaliza-
tion, the results of our study could not be influenced by
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preexercise trial fasting and/or extreme physical activity of
patients with AN. However, we could not guarantee the
unitary daily energy intake/energy expenditure in patients
with AN. The daily energy value had been chosen
individually with respect to the prehospitalization energy
intake and psychological attitude to food intake of the
patient. However, we guarantee that all patients with AN
included in the study consumed their diet as oral meals
6 times a day within the usual 12-hour span and adhered to
sedentary behavior for 2 weeks before the exercise trial.

To the best of our knowledge, there are no published data
on the influence of a single bout of exercise on plasma leptin
levels in patients with AN. Previously published studies
showed that leptin decrease under the effect of exercise is
independent of weight reduction [37,38]. These studies
included a training program with diet therapy, or only diet
therapy lasting for 6 weeks [37], or a very low energy diet
and training program for 4 months [38]. However, patients
with AN are in a state of chronic malnutrition persisting for
several years associated with chronic metabolic and
endocrine adaptation to this starvation status. Rapid
exercise-induced leptin decline in patients with AN could
be a part of chronic adaptation to energy deficit in these
patients, with many factors influencing this abnormally
sensitive and prompt response to energy expenditure. This
response of leptin to exercise mirrors the prompt leptin
increase in patients with AN, not seen in healthy women
(Dostalova et al, unpublished results), after consumption of
a standardized mixed meal (2451 kJ, 32.6 g of fat, 17.6 g of
protein, 50.0 g of carbohydrate).

Exercise has been shown to alter concentrations of
certain hormones and neurotransmitters that may influence
leptin concentrations [14,18,19,39]. Among these, catechol-
amines have been shown to inhibit leptin production as well
as plasma leptin levels [40,41], whereas insulin has been
shown to stimulate leptin [24]. Although we had initially
hypothesized that the activity of the SNS and insulin could
be important in the regulation of leptin during short-term
exercise, the finding of different exercise-induced leptin
response in AN, yet no difference in NE and insulin
responses to exercise between groups, indicates that
something other than NE (SNS activity) and insulin was
responsible for the different leptin responses. However, we
could not exclude the possibility that chronically low insulin
levels that we found in patients with AN affect glucose
uptake in adipocytes and, thus, production of leptin in
adipose cells [42]. Kolaczynski et al [43] concluded that
insulin does not stimulate short-term leptin production, but
they demonstrated a long-term effect of insulin on leptin
production both in vivo and in vitro.

Although we failed to find differences in NE and glycerol
responses to exercise between AN and the C group, our
group has previously found that AN is associated with in
vivo increased basal as well as exercise-stimulated SNS
activity, especially increased NE levels, and unchanged basal
but significantly increased exercise-stimulated lipolysis in

the subcutaneous abdominal adipose tissue [19]. Regulation
of lipolysis by exercise is potentially relevant to regulation
of circulating leptin levels because lipolysis and leptin
production during exercise have been found to be inversely
controlled [44]. Thus, we could not exclude the influence of
excited activity of the SNS and of increased lipolysis in the
abdominal adipose tissue of patients with AN during a
short-term exercise [19] on exercise leptin production in
these patients.

In summary, we demonstrated that patients with AN who
have significantly decreased fasting plasma leptin levels
show a significant fall in leptin levels immediately after and
90 minutes after a single bout of exercise. On the other
hand, the decrease in plasma leptin observed during both
exercise and control trials in healthy women could be
explained by prolonged overnight fasting and/or circadian
variation of leptin lacking in AN. Neither NE nor insulin are
the salient factors responsible for the different response of
leptin to exercise in AN. Further investigation is needed to
classify the particular role of altered regulation mechanisms
on plasma leptin in the state of acute energy disbalance in
patients with AN.

Acknowledgments

This study was supported by grant 303/03/0376 from
the Grant Agency of the Czech Republic.

We thank Diana Riegerova for technical assistance and
Vojtech Kopsky, PhD, for the proofreading of the article.

References

[1] Campfield LA, Smith FJ, Gisez Y, et al. Recombinant mouse OB
protein: evidence for a peripheral signal linking adiposity and central
neural networks. Science 1995;269:546-9.

[2] Friedman JM, Halaas JL. Leptin and the regulation of the body weight
in mammals. Nature 1998;395:763 -70.

[3] Kiely JM, Noh JH, Graewin SJ, et al. Altered intestinal motility in
leptin-deficient obese mice. J Surg Res 2005;124:98-103.

[4] Boden G, Chen X, Mozzoli M, et al. Effect of fasting on serum
leptin in normal human subjects. J Clin Endocrinol Metab 1996;81:
3419-23.

[5] Chin-Chance C, Polonsky KS, Schoeller DA. Twenty-four-hour
leptin levels respond to cumulative short-term energy imbalance
and predict subsequent intake. J Clin Endocrinol Metab 2000;85:
2685-91.

[6] Chan JL, Heist K, DePaoli AM, et al. The role of falling leptin levels
in the neuroendocrine and metabolic adaptation to short-term
starvation in healthy men. J Clin Invest 2003;111:1409-21.

[7] Doucet E, St Pierre S, Almeras N, et al. Changes in energy
expenditure and substrate oxidation resulting from weight loss in
obese men and women: is there an important contribution of leptin?
J Clin Endocrinol Metab 2000;85:1550-6.

[8] McMurray RG, Hackney AC. Interactions of metabolic hormones,
adipose tissue and exercise. Sports Med 2005;35:393-412.

[9] Elias AN, Pandian MR, Wang L, et al. Leptin and IGF-I levels in
unconditioned male volunteers after short-term exercise. Psychoneur-
oendocrinology 2000;25:453-61.

[10] Jurimae J, Jurimae T. Leptin responses to short term exercise in
college level male rowers. Br J Sports Med 2005;39:6-9.



1. Dostalova et al. / Metabolism Clinical and Experimental 56 (2007) 497-503 503

[11] Keller P, Keller C, Steensberg A, et al. Leptin gene expression and
systemic levels in healthy men: effect of exercise, carbohydrate,
interleukin-6, and epinephrine. J Appl Physiol 2005;98:1805-12.

[12] Perusse L, Collier G, Gagnon J, et al. Acute and chronic effects of
exercise on leptin levels in humans. J Appl Physiol 1997;83:5-10.

[13] Racette SB, Coppack SW, Landt M, et al. Leptin production during
moderate intensity aerobic exercise. J Clin Endocrinol Metab 1997;
82:2275-7.

[14] Zafeiridis A, Smilios I, Considine RV, et al. Serum leptin responses
after acute resistance exercise protocols. J Appl Physiol 2003;94:
591-7.

[15] Ozcelik O, Celik H, Ayar A, et al. Investigation of the influence of
training status on the relationship between the acute exercise and
serum leptin levels in obese females. Neuro Endocrinol Lett 2004;
25:381-5.

[16] Sartorio A, Agosti F, De Col A, et al. Leptin levels do not change
following acute exercise in healthy adults and in obese children.
J Endocrinol Invest 2004;27:117-20.

[17] Fisher JS, Van Pelt RE, Zinder O, et al. Acute exercise effect on
postabsorptive serum leptin. J Appl Physiol 2001;91:680-6.

[18] Kraemer RR, Chu H, Castracane VD. Leptin and exercise. Exp Biol
Med (Maywood) 2002;227:701 -8.

[19] Bartak V, Vybiral S, Papezova H, et al. Basal and exercise-induced
sympathetic nervous activity and lipolysis in adipose tissue of patients
with anorexia nervosa. Eur J Clin Invest 2004;34:371-7.

[20] Rayner DV. The sympathetic nervous system in white adipose tissue
regulation. Proc Nutr Soc 2001;60:357-64.

[21] Hulver MW, Houmard JA. Plasma leptin and exercise. Sports Med
2003;33:473-82.

[22] Ricci MR, Lee MJ, Russell CD, et al. Isoproterenol decreases leptin
release from rat and human adipose tissue through posttranscriptional
mechanisms. Am J Physiol Endocrinol Metab 2005;288:E798-E804.

[23] Saladin R, De Vos P, Guerre-Millo M, et al. Transient increase in
obese gene expression after food intake or insulin administration.
Nature 1995;377:527-9.

[24] Govoni N, Galeati G, Castellani G, et al. Leptin concentrations in
plasma and follicular fluid from prepubertal gilts as influenced by
fasting, refeeding and insulin. Horm Metab Res 2005;37:152-8.

[25] Ferron F, Considine RV, Peino R, et al. Serum leptin concentrations in
patients with anorexia nervosa, bulimia nervosa and non-specific
eating disorders correlate with the body mass index but are in-
dependent of the respective disease. Clin Endocrinol 1997;46:289-93.

[26] Brichard SM, Delporte ML, Lambert M. Adipocytokines in anorexia
nervosa: a review focusing on leptin and adiponectin. Horm Metab
Res 2003;35:337-42.

[27] Casanueva FF, Diaguez C, Popovic V, et al. Serum immunoreactive
leptin concentrations in patients with anorexia nervosa before and
after partial weight recovery. Biochem Mol Med 1997;60:116-20.

[28] Nedvidkova J, Papezova H, Haluzik M, et al. Interaction between
serum leptin levels and the hypothalamo-hypophyseal-thyroid axis in
patients with anorexia nervosa. Endocr Res 2000;26:219-30.

[29] Dostalova I, Kopsky V, Duskova J, et al. Leptin concentrations in the

abdominal subcutaneous adipose tissue of patients with anorexia

nervosa assessed by in vivo microdialysis. Regul Pept 2005;128:63 - 8.

Holmes C, Eisenhofer G, Goldstein DS. Improved assay for

plasma dihydroxyphenylacetic acid and other catechols using high-

performance liquid chromatography with electrochemical detection.

J Chromatogr B Biomed Appl 1994;653:131-8.

[31] Kraemer RR, Johnson LG, Haltom R, et al. Serum leptin concen-
trations in response to acute exercise in postmenopausal women with
and without hormone replacement therapy. Proc Soc Exp Biol Med
1999;221:171-7.

[32] Hilton LK, Loucks AB. Low energy availability, not exercise stress,
suppresses the diurnal rhythm of leptin in healthy young women. Am
J Physiol Endocrinol Metab 2000;278:E43-9.

[33] Van Aggel-Leijssen DPC, van Baak MA, Tenenbaum R, et al.
Regulation of average 24 h human plasma leptin level: the influence
of exercise and physiological changes in energy balance. Int J Obes
1999;23:151-8.

[34] Essig DA, Alderson NL, Ferguson MA, et al. Delayed effects of
exercise on the plasma leptin concentrations. Metabolism 2000;49:
395-9.

[35] Schoeller DA, Cella LK, Sinha MK, et al. Entrainment of the
diurnal rhythm of plasma leptin to meal timing. J Clin Invest 1997;
100:1882-7.

[36] Balligand JL, Brichard SM, Brichard V, et al. Hypoleptinemia in
patients with anorexia nervosa: loss of circadian rhythm and
unresponsiveness to short-term refeeding. Eur J Endocrinol 1998;
138:415-20.

[37] Ishii T, Yamakita T, Yamagami K, et al. Effect of exercise training on
serum leptin levels in type 2 diabetic patients. Metabolism 2001;50:
1136-40.

[38] Pasman WIJ, Westerterp-Plantenga MS, Saris WH. The effect of
exercise training on leptin levels in obese males. Am J Physiol 1998;
274:E280-6.

[39] Stafford DE. Altered hypothalamic-pituitary-ovarian axis function in
young female athletes: implications and recommendations for
management. Treat Endocrinol 2005;4:147-54.

[40] Pinkney JH, Coppack SW, Mohamed-Ali V. Effect of isoprenaline
on plasma leptin and lipolysis in humans. Clin Endocrinol 1998;48:
407-11.

[41] Couillard C, Mauriege P, Prud’homme D, et al. Plasma leptin response
to an epinephrine infusion in lean and obese women. Obes Res 2002;
10:6-13.

[42] Flier JS. Leptin expression and action: new experimental paradigms.
Proc Natl Acad Sci U S A 1997;94:4242-5.

[43] Kolaczynski JW, Nyce MR, Considine RV, et al. Acute and chronic
effects of insulin on leptin production in humans: studies in vivo and
in vitro. Diabetes 1996;45:699-701.

[44] Duclos M, Corcuff JB, Fuffie A, et al. Rapid leptin decrease in
immediate post-exercise recovery. Clin Endocrinol (Oxf) 1999;50:
337-42.

[30

=



	The effect of short-term exercise on plasma leptin levels in patients with anorexia nervosa
	Introduction
	Subjects and methods
	Study subjects
	Experimental procedures
	Analytical procedures
	Data analysis

	Results
	Basal and exercise-induced plasma leptin concentrations
	Comparison of exercise-induced and control trial leptin levels
	Basal and exercise-induced plasma NE, glycerol, and insulin concentrations
	Relationship of plasma leptin with other parameters

	Discussion
	Acknowledgments
	References


