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ABSTRACT
Leptin is a protein produced mainly by peripheral adipose tissue. The leptin gene was identi-

fied in 1994, leptin receptors were found in the hypothalamus, liver, skeletal muscles, ovary,
testes, kidney and adipose tissue. The role of leptin in metabolism is far from being elucidated.
However, it was postulated that leptin contributed to appetite regulation, puberty and fat metabo-
lism. Blood leptin concentration is significantly correlated with body fat content, but also related
to body response to insulin. In obese insulin-resistant subjects the blood leptin level was marke-
dly higher than in their lean, insulin-sensitive counterparts. Furthermore, blood leptin was found
to be positively correlated with estradiol concentration, but negatively with testosterone levels. In
consequence, in females the blood leptin level, irrespective of the age and body fat, was higher
than in males. A significant positive correlation was demonstrated between blood leptin concen-
tration and fat consumption. On the contrary, blood leptin was negatively correlated with physical
activity. Regular, moderate physical activity was shown to decrease blood leptin concentration,
regardless of the decrease in body fat. In sportsmen blood leptin concentration was much lower
than in sedentary individuals. Moreover, low blood leptin level in female athletes was recognized
as a reason for delayed menarche and menstrual disturbances.
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Introduction
Leptin discovered in 1994 is a protein

built of 167 amino acids with a molecular
weight of 16 kDa and synthesized mainly
in adipocytes but also in the placenta, sto-
mach and skeletal muscle (3, 86, 99, 105).

Studies on genetically obese mice were
fundamental in explaining leptin�s biolo-
gical role. These mice had an excessive
appetite, lowered basal metabolic rate and
also multiple metabolic disturbances (hy-
perglycemia, hyperlipidemia, decreased
insulin sensitivity, glucose intolerance and
diabetes) (11, 76). Two groups of obese

animals were distinguished � one had a low
blood leptin concentrations (ob/ob mice)
and the second one a high blood leptin con-
centrations (db/db mice) in comparison
with animals with a normal body weight
(16, 55). Leptin administration to obese
animal with low leptin blood concentra-
tions (ob/ob mice) and also to animals with
a normal body weight depressed an appe-
tite, increased energy expenditure and bro-
ught about a decrease in body weight (30,
76). On the other hand, leptin administra-
tion to obese animals with a high leptin
blood concentration (db/db mice) did not

* The Polish version of the article was published in Medicina Sportiva 6 (3):129-142, 2002
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decrease appetite nor cause a decrease in
body weight indicating leptin resistance
(20, 29). In animals with a normal body
weight fed a high fat diet an elevation in
leptin concentration in the blood was propor-
tional to the increase in body fat stores (56).

Further studies indicated that leptin
crossed the blood-brain barrier and its con-
centration in cerebrospinal fluid was pro-
portional to the concentration of the hor-
mone in the blood. Leptin receptors were
identified in the hypothalamus where it in-
hibited the secretion of appetite-stimulating
neuropeptide Y (NPY) (5, 6, 83, 84). Mo-
reover, in obese animals with a high leptin
concentration in the blood (db/db) but in-
sensitive to leptin a mutation of the gene
encoding the leptin receptor in the hypo-
thalamus was found (16).

The above data allowed a hypothesis to
be made concerning the role of leptin as a
signal sent by adipose tissue to the central
nervous system informing about fat stores in
the body. Additionally, it was demonstrated
that leptin decreased the release of appetite-
stimulating neuropeptide Y (NPY), but in-
creased the release of appetite-inhibiting cor-
ticoliberin (CRH) form the hypothalamus and
depressed the energy expenditure (84, 91).
Furthermore, leptin was found to affect the
pro-opiomelanocortin system (POMC) and
the release of appetite-inhibiting cocaine- and
amphetamine-regulated transcript (CART)
peptide and appetite-stimulating agouti pep-
tide (48, 49). Therefore, the relationship be-
tween appetite regulation in CNS and leptin
was recognized as feed-back mechanism of
the control of energetic processes (Fig. 1.).
The disturbances in leptin secretion and sub-
sequent low hormone blood concentration or
leptin receptor mutation in the hypothalamus
were postulated to play an important role in
the development of obesity at least in ani-
mals (28, 79).

It is worth stressing that the gene re-
sponsible for leptin synthesis was identi-

fied at the same time in experimental ani-
mals and in man (105). Moreover, the lep-
tin receptor was identified not only in the
hypothalamus but also in adipose tissue,
muscle, liver, testes, kidney and ovaries
suggesting its direct influence on the me-
tabolic processes in these tissues and or-
gans (92). Leptin receptors were identified
as homologues of class I cytokine recep-
tors, distributed in the body in many tis-
sue-specific isoforms (28).

The role of leptin in the regulations of
metabolism and in obesity in humans has
not been fully explained in spite of many
studies. However, the data obtained so far
have indicated that also in humans it is a
very important and long sought link betwe-
en the body fat stores and metabolic pro-
cesses such as reproduction or metabolic
disturbances accompanying obesity (e.g.
hyperlipidemia or insulin resistance) (65).

Blood leptin concentration and body fat
stores

Numerous studies demonstrated that
both in women and men leptin synthesis in
adipose tissue and its blood concentration
were markedly and positively correlated
with total body fat stores expressed in ki-
lograms, in percent of body weight and as
the body mass index (BMI) (4, 12, 44). A
very low leptin blood concentration was
found in anorexic females and in children
with congenital generalized lipoatrophy
(40, 60). In obese subjects leptin blood
concentration was markedly higher in com-
parison to lean ones (57). However, Ortiz-
Gonzales et al. (72) and Segal et al. (85)
suggested that leptin concentration in in-
sulin-resistant subjects was higher in com-
parison with insulin-sensitive counterparts
regardless of body fat stores which was si-
milar in the two groups. At the same time,
however, in obese insulin-resistant subjects
it was significantly higher compared to lean
insulin-resistant ones. These data indica-
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ted that besides the percentage of body fat
insulin sensitivity was an important factor
affecting blood leptin concentration.

Regardless of age and body fat leptin
concentration in the blood in girls and wo-
men was higher than in boys and men (43,
50, 88, 102). Demerath et al. (24) analy-
zed leptin concentration in blood in girls
and boys aged 8-18 years and found that
in both sexes the leptin concentration in-
creased with age but it was already higher
in 8-year old girls than in boys of the same
age. Additionally, a positive correlation
was found in girls between blood leptin and
estradiol concentrations. In boys, however,
a negative correlation was shown between
leptin and testosterone concentrations in the
blood. Recent research suggested that in
both women and men leptin concentration
in the blood was inversely related to testo-
sterone plasma concentrations (82). As te-
stosterone plasma concentrations in girls
and women is lower than in boys and men
leptin concentration will always be sex-
dependent and higher in females than in
males.

It is, however, worth noting that in adult
women leptin plasma concentration was

genetically determined in 34% and in men
in 45% (41).

The role of leptin in sexual maturation
and reproduction

In longitudinal study in boys Mantzo-
ros et al. (62) evaluated the changes in blo-
od leptin and testosterone concentrations
and revealed that significant increases in
leptin level (by about 50%) occurred just
before the elevation in blood testosterone
concentration. Thereafter blood leptin con-
centration slightly dropped and remained
constant for 2 years despite constant incre-
ase in body mass.

In regularly menstruating women lep-
tin concentration in the blood was higher
in the luteal phase of the menstrual cycle
in comparison to the follicular phase (58).
However, the sensitivity of the ova cells to
gonadotropin in obese women with a high
leptin plasma concentration was significan-
tly lower in comparison to lean  counter-
parts with a lower leptin plasma concen-
tration (2). A higher leptin concentration
in blood was also found in pregnant as com-
pared to non-pregnant women probably
indicating transient leptin resistance in or-
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Fig. 1. Leptin effect on food intake and energy balance (data from human and animal studies)
NPY - neuropepide Y; AGRP - agouti peptide; CART �cocaine and amphetamine regulated transcript;
POMC - pro- opiomelanocortin system; CRH -corticoliberin; (+) simulation; (-)-inhibition
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der to increase energy stores essential for
pregnancy and subsequent lactation (94).
On the other hand, no differences in leptin
concentration in blood in young as com-
pared to menopausal women were indica-
ted (15).

In experimental animals (rats and ham-
sters) high blood leptin concentration (in-
herited or due to intraperitoneal administra-
tion) was found to accelerate sexual matu-
rity both in males and females (98, 103).
In isolated pituitary cells from female rats
the presence of leptin in the incubation
medium in concentrations characteristic for
the period of sexual maturation stimulated
synthesis and secretion of luteotropic hor-
mone (LH) and of follicle stimulating hor-
mone (FSH) (71).

It has been known for a long time that
both an excess of body fat (e.g. in obese
women) or its very low content (in anore-
xic or malnourished women ) depresses
reproductive function though the mecha-
nism of this phenomenon is not fully un-
derstood (21, 53). The presence of leptin
receptors in ovaries suggested that a meta-
bolic signal for the reproductive system and
the link between body fat stores and repro-
duction may be played by leptin (7, 42, 95).

It was postulated that both central leptin
action on hypothalamus and pituitary gland
and peripheral effect on gonads was of spe-
cial importance in reproduction. In fema-
les with extremely low body fat and blood
leptin concentration the disturbances in re-
productory system were probably due to
insufficient amount of leptin transported
into the CNS. In consequence, regulatory
function of hypothalamus and pituitary was
depressed. On the contrary, in obese fema-
les high blood leptin concentration had no
effect on the amount of leptin crossing blo-
od-brain barrier due to saturation of the
transport system. However, the excess of
leptin was available for peripheral tissues
including ovaries and testes depressing
gonadal hormone synthesis. The above data
indicated that blood leptin concentration
essential for normal reproductive function
had to be maintain in a relatively narrow
range (13) (Fig. 2.).

Direct effects of leptin on fat and carbo-
hydrate contribution to energy metabo-
lism

The above-mentioned presence of lep-
tin receptors in adipose tissue, skeletal
muscle and liver suggested that leptin di-

Hypothalamus
GnRH

Pituitary
LH

Ovaries
17-ß-estradiol

Leptin

Testes
Testosterone

Fig. 2. The influence of leptin on the hypothamalus-pituitary-gonadal axis
Both low and excessive blood leptin concentration depresses reproductive system. Low blood leptin level brings about
decreased GnRH release from hypothalamus, subsequent depressed pituitary LH, 17-b-estradiol and testosterone se-
cretion (continuous line). In contrast, excessive blood leptin concentration (e.g. in obesity inhibits reproductive hor-
mone synthesis in ovaries and testes (discontinuous line), despite unchanged leptin action on GnRH and LH release.
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rectly affected the metabolism of these tis-
sues.

In obese mice with a low blood leptin
concentration (ob/ob mice) a single intra-
peritoneal administration of leptin incre-
ased energy expenditure and lower the  re-
spiratory quotient indicating an increased
whole-body fat but depressed carbohydra-
tes utilization. (39). Administration of lep-
tin to rats and an increase in its blood con-
centration hindered liver glycogen break-
down during 18 h starvation without an
effect on glycogen phosphorylase activity.
However, administration of leptin did not
affect the muscle glycogen stores (70).
These data suggested that during the sta-
rvation leptin caused a sparing of liver gly-
cogen, probably by increasing gluconeoge-
nesis from fat.

In more detailed studies in obese (ob/
ob) and normal mice it was noted that an
acute administration of leptin inhibited li-
pogenesis in liver, adipose tissue and mu-
scles and decreased the activity of pyruva-
te dehydrogenase (PDH) in these tissues �
a key enzyme in aerobic carbohydrate me-

tabolism (10). The inhibition of lipogene-
sis in the above mentioned tissues caused
a simultaneous increase of the availability
of free fatty acids for energetic processes.
Such a �transition� of metabolism in the
direction of fat utilization in skeletal mu-
scle under the influence of leptin was also
demonstrated by others (66, 67). It is worth
noting that the effect of leptin on lipid me-
tabolism is antagonistic to insulin, which
increases lipogenesis and at the same time
decreases fat contribution in energy pro-
duction (Fig. 3.).

Recent study indicated that leptin au-
gmented fat utilization exclusively in re-
sting muscle, with no effect on energy
metabolism during contraction (52).

Plasma leptin concentration and energy
balance

Diurnal rhythm of blood leptin concen-
tration

Numerous studies revealed diurnal rhy-
thm in leptin concentration in the blood.
with highest level between midnight and
early morning and lowest between early

Leptin

Skeletal muscle
Inhibition of lipogenesis

Inhibition of aerobic carbohydrate
metabolism

Liver
Inhibition of glucogenolysis under

fasting condition
Increased contribution of glycerol from

fat degradation to gluconeogenesis
Adipose tissue

Inhibition of lipolysis

Fig. 3. Leptin effect on carbohydrate and fat metabolism in selected tissues
Leptin-induced inhibition of lipogenesis results in elevated lipolysis and increased fat contribution to energy metabo-
lism in the muscle and elevated synthesis in the liver. In addition, the inhibition of aerobic carbohydrate metabolism in
the muscle further shifts energetic processes in the muscle to fat utilization.
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afternoon and midnight (17, 34). It should
be stressed that diurnal rhythmicity in blo-
od leptin concentration disappeared in fe-
male amenorrheic athletes characterized by
low blood leptin concentration (53). In ad-
dition, leptin diurnal rhythm was not obse-
rved either in women consuming low- ca-
loric diet (4 days, 10 kcal/kg FFM) or con-
suming high-caloric diet (4 days, 45kcal/
kg FFM) but with high energy expenditure
due to physical activity (35 kcal/ kg FFM
day) (37). On the basis of the above data it
was postulated that leptin secretion was
related to energy (or carbohydrate) availa-
bility expressed as the difference between
energy supply and expenditure.

Nutritional habits and blood leptin
concentration

The above-mentioned relationship be-
tween blood leptin concentration and body
fat stores reflected the long-term effect of
both nutritional habits and energy expen-
diture on leptin production. However, many
studies demonstrated that leptin concentra-
tion in blood fluctuated during the day in
response to food intake.

Consumption of high-fat meal (65%
energy from fat, 1 g fat/kg body weight) in
lean subjects caused a successive increase
of leptin concentration in the blood stati-
stically significant 6 hours after a meal (23).
On the other hand,  high-carbohydrate meal
(81% of energy from carbohydrates) bro-
ught about a greater increase of leptin con-
centration 4-5 hours after the meal than an
isocaloric high-fat meal (79% of energy
from fat) (80).

Not only meal consumption, thus the
supply of energy itself affected leptin con-
centration in blood but also the way it was
provided. The consumption of 4 meals da-
ily supplying respectively 20%, 30%, 10%
and 40% of the daily energy requirements
caused a successive increase in leptin con-
centration during the day. If, however, the

same amount of calories was consumed
as a single meal, in the evening (binge
eating) a successive decrease of leptin
concentration in the blood was noted. The
average concentration of the hormone in
subjects consuming one large meal daily
was about 45% lower than in those eating
regularly (93). Taking into account leptin
contribution to appetite regulation it co-
uld not be excluded that lower blood hor-
mone concentration in binge-eating sub-
jects might stimulate food consumption
leading to excessive fat accumulation,
overweight and obesity.

It is worth stressing that the effect of
the energy supply on blood leptin concen-
tration differed significantly with respect
to sex. After 7 days of a low-caloric diet
(630 kcal for women and 840 cal for men)
a significant decrease of leptin concentra-
tion was shown in both sexes even, tho-
ugh in women (16.2 to 6.0 ng/ml) it was
significantly higher in comparison to men
(3.7 mg to 2.2 ng/ml) (26). Moreover, in
women an elevation in leptin concentra-
tion in blood was found both after a high-
carbohydrate and high- fat meal, whereas
in men only after a high-carbohydrate
meal (81).

Another factor affecting plasma leptin
concentration in response to the energy
supply was body fat stores. A decrease in
the energy supply in lean subjects brought
about significant decrease of leptin con-
centration in the blood already after 6 ho-
urs of starvation or consumption of a meal
covering only 20% of the energy require-
ments (23). In addition, in lean women
(27% fat in total body mass) leptin syn-
thesis in adipose tissue decreased after 22
h of starvation, but did not change in obe-
se ones (52% fat in total body mass) (45).
Moreover, in response to the administra-
tion of 75 g glucose solution after overni-
ght fasting leptin concentration in blood
in obese women significantly increased,
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but did not change in their lean counter-
parts (8).

Thus obesity and increased body fat sto-
res substantially affected plasma leptin re-
sponse  to the diet composition and energy
supply, though the mechanism of this phe-
nomenon was not fully elucidated.

Plasma leptin concentration and the
energy expenditure

Data concerning the relationship betwe-
en leptin concentration in plasma  and ener-
gy expenditure are not equivocal. Nicklas
et al. (69) stated that energy expenditure
under resting conditions is significantly
correlated with plasma leptin concentration
in obese Afro-American women but not in
obese Caucasian women. In contrast, Com-
postano et al. (11) did not find a relation-
ship between basal metabolism rate and
leptin concentration in blood in women and
men aged 21-50 years. Similarly Soares et
al. (89) did not observe such a relation in
female and male inhabitants of Australia
aged 18-35 years and over 50 years.

However, a significant correlation be-
tween total energy expenditure (including
both resting energy expenditure and eve-
ryday habitual activity) was noted in 8 year
old girls and boys (68). The above data in-
dicated that blood leptin concentration was
related to total energy expenditure and not
only to basal metabolic rate.

Leptin � an important link in hormonal
regulation of metabolism

Discussed above relationship between
leptin concentration in the blood and the
body fat stores, fat utilization, sexual ma-
turation and reproduction clearly indicate
that leptin is an important component of
hormonal regulation of metabolism. Hen-
ce the numerous studies searching for the
link between leptin concentration and/or
secretion and other hormones of fundamen-
tal importance in metabolic processes.

Insulin
In studies concerning relationship be-

tween leptin secretion and its blood con-
centration and other hormones the greatest
attention has been paid to the link between
leptin and insulin. This aspect of the studies
has a special significance in the context of a
search for mechanisms responsible for obe-
sity and accompanying metabolic disturban-
ces, especially insulin resistance.

In children with ketoacidosis due to type
1 diabetes and impaired insulin secretion
plasma leptin concentration was lower than
in healthy children and rose after insulin
therapy (32, 33).

Recent studies showed that leptin con-
centration in blood after overnight fast was
positively and significantly correlated with
changes in insulin concentration after glu-
cose loading thus with body insulin sensi-
tivity (1). It should be stressed that Thong
et al. (96) searching the reason for positive
correlation between blood insulin and lep-
tin concentrations hypothesized that insu-
lin is a component of mechanism by which
body fat stores might respond to energy
balance. Therefore, the above-mentioned
leptin effect on lipid metabolism was
probably regulated by insulin � an impor-
tant component of glucostatic mechanism.

Catecholamines
Blood leptin concentration was also af-

fected by blood catecholamines level. An
elevation in blood adrenaline concentration
brought about by an intravenous admini-
stration of the hormone inhibited leptin
synthesis in adipose tissue and a decreased
its concentration in the blood (14). More-
over, an elevated sympathetic activity and
resultant elevation in blood noradrenaline
concentration caused by low environmen-
tal temperature (6.6oC) also decreased lep-
tin concentration in blood (78). It is postu-
lated that this relationship may be impor-
tant in the regulation of metabolism during
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stress period increasing appetite and at the
same time decreasing energy expenditure.

The mechanism of catecholamines ac-
tion on blood leptin concentration is not
fully elucidated. However, Bramlett et al
(9) indicated that catecholamines inhibited
leptin m-RNA synthesis in the adipose tis-
sue leading to depressed leptin synthesis.

Glucocorticoids, growth hormone,
thyroid hormones

A chronic increase in glucocorticoid
levels in the plasma in Cushing�s syndro-
me was linked to increased concentration
of plasma leptin. (101). It was suggested
that glucocorticoids affected leptin concen-
trations indirectly as in the patients an in-
creased insulin concentration and an incre-
ased body fat stores was also observed. On
the other hand in adrenalectomized rats
glucocorticoid treatment was found to in-
hibit leptin synthesis and to stimulate an
appetite (87, 104).

In short children due to deficient growth
hormone secretion plasma leptin concen-
tration was elevated in comparison to a
control group and decreased after 12 mon-
ths of growth hormone administration (64).
Similarly, in adults with deficient growth
hormone secretion due to pituitary gland
dysfunction leptin concentration in blood
was higher than in healthy subjects (65).

Data concerning the relationship betwe-
en blood thyroid hormone and leptin concen-
trations are not conclusive. Thongh et al. (96)
noted positive correlation between blood thy-
roxine and triiodothyronine and leptin con-
centrations in females, but others did not con-
firm these relationships (22, 61). On the other
hand, in rats  the effect of leptin on energetic
metabolism was independent on the effect of
thyroid hormones. In thyreoctomized animals
both leptin and triiodothyroxine increased
oxygen consumption, however the effects
were additive suggesting different mecha-
nism of action (100).

Effect of exercise on blood leptin
concentration

A close relationship between blood lep-
tin concentration and  insulin sensitivity,
and as well as high blood leptin concentra-
tion in obese individuals and association
between blood leptin concentration and
energy intake allow to presume that the ele-
vation in energy expenditure could also be
a factor significantly affecting blood hor-
mone concentration. This hypothesis was
confirmed in rats in which after a single
bout of exercise a decrease in leptin mRNA
was observed in adipose tissue indicating
depressed hormone synthesis in response
to physical stress (106).

Leptin concentration in athletes
In all studies concerning blood leptin

concentration in subjects participating in
various sports a low leptin concentration
was found in comparison to their sedenta-
ry counterparts. In women cyclists leptin
concentration in blood was significantly
lower than in the control group but at the
same time the two groups differed signifi-
cantly in percent of body fat. Thus a low
plasma leptin concentration in competitors
could have both been a consequence of tra-
ining and of low body fat stores (53).

However, blood leptin concentration of
female gymnasts (1.2 ng/ml) was marke-
dly lower than in anorexic women (2.9 ng/
ml) in spite of the similar body fat percent
in both groups (11.7% and 12.5% in gym-
nasts and anorexic patients, respectively)
(63). Similarly, in male rugby players pla-
sma leptin concentration (3.7 mg/ml) was
significantly lower than in sedentary men
(6.0 ng/ml) even though both groups did
not differ in percent of body fat (31).

The above data suggested that physical
activity characterized by high work loads
decreased blood leptin concentration and
this effect was probably independent on the
body fat stores, even though the mecha-
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nism of this phenomenon was not expla-
ined.

It is also worth noting that taking into
consideration the relationship between blo-
od leptin and the process of sexual matu-
ration it could not be excluded that a low
leptin concentration in 14 year old female
gymnasts (63) might be the cause of the
lower biological than chronological age
and delayed menarche.

Regular, moderate physical activity and
leptin blood concentration

In order to achieve a decrease of blood
leptin concentration in response to a regu-
lar physical activity a significant role is play-
ed by the time of duration of this activity.
After 7 days of cycloergometer training
(75% VO

2
max, 60 min/day) no changes in

blood leptin concentration were found and
the percent of body fat also did not change
(38). However, Perusse et al. (74) analyzing
the effect of regular physical activity on pla-
sma leptin  in men and women observed that
a 20-week training (cycling, intensity incre-
asing from 55% VO

2
 max 30 min daily to

75% VO
2
 max, 50 min daily) caused a de-

crease in leptin concentration only in men
(from 4.6 to 3.9 ng/ml) in whom a simulta-
neous decrease in the percent of body fat
was observed (from 71.1% to 16.2%). On
the contrary, Hickey et al. (36) demonstra-
ted that after 12 weeks of training (cycling,
85% VO

2 
max, 50 min/ day) a decrease in

blood leptin concentration (from 17.1 to 16.2
ng/ml) occurred only in women, as only in
women did training cause a decrease in the
percent of body fat. The relationship betwe-
en the decreases in plasma  leptin concen-
tration and body fat due to regular physical
activity was also confirmed by others (18,
25, 47).

However, Pasman et al. (75) found that
changes in blood leptin concentration  due
to an increased physical activity were stric-
tly correlated with the time of duration of

activity but independent of the changes in
percent of body fat. The effect of regular
physical activity independent of body fat
on leptin concentration in the blood was
also demonstrated by Chu et al. (19). In
this study performed with the participation
of 268 men aged 47-83, lean and obese it
was demonstrated that blood leptin was si-
gnificantly and positively correlated with
a total dietary fat intake, and after elimina-
tion of the effect of differences in body
weight, significantly and negatively corre-
lated with physical activity.

These results suggested that physical
activity regardless of body fat stores  de-
creased blood leptin concentration and this
effect was probably due to increased sen-
sitivity of peripheral tissues to leptin. This
assumption was indirectly confirmed in
rats. The muscle of animals fed a high-fat
diet (60% of calories from fat)  became
resistant to leptin and the stimulation of
intramuscular lipolysis by leptin disappe-
ared. This in turn increased intramuscular
fat stores (90). The authors postulated that
the leptin resistance caused by a fat-rich
diet and as a consequence increased intra-
muscular fat stores might lead to insulin
resistance - a phenomenon common in obe-
sity both in humans and in animal. This
hypothesis is likely since it is well known
that sensitivity of muscle tissue to insulin
is inversely related to intramuscular fat sto-
res (59, 77).

A few studies indicated that rather du-
ration of the physical activity than its mode
affected leptin concentration in the blood.
A decrease in leptin concentration was fo-
und in young women after 16 weeks of
strength training and also in older women
after 9 months of regular running and stair
climbing (46, 81).

Response to a single bout of exercise
A single 32-km foot race (70% VO

2

max) did not affect blood leptin concen-

�

�

�

�

�
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tration directly after the effort both in lean
and obese subjects (35). Similarly, plasma
leptin concentration did not change in re-
sponse to exercise until exhaustion or to
60 min cycling at 50% VO

2
max

 
 either di-

rectly after the exercise or after 4 hours of
recovery (97). On the other hand, a signi-
ficant decrease (by 32%) of plasma leptin
concentration was observed after a 162-km
foot race and after a marathon run (by
11%), thus after low-intensity, prolonged
exercise (51, 54). However, a laboratory
exercise with an intensity of 70% VO

2
 max

and energy expenditure of 1500 kcal signi-
ficantly decreased blood leptin concentra-
tion 48 hours after the exercise. If, howe-
ver, during an exercise of the same inten-
sity energy expenditure equaled 800 kcal
no change in plasma leptin was observed
(27). The above data suggested that the
effect of a single exercise on plasma leptin
is delayed and depended mostly on the to-
tal energy expenditure during the muscu-
lar work and not on its intensity.

Conclusions
In conclusions, it may be stated that lep-

tin � a hormone discovered in 1994 secre-
ted mainly by the subcutaneous adipose
tissue is of fundamental importance in the
regulation of sexual maturation, reproduc-
tion and energy balance, mainly fat meta-
bolism.

Many aspects of leptin�s biological role
have not been explained but certainly it is
an important part of the regulation of me-
tabolism both in the central nervous sys-
tem and in peripheral tissues.

This work was supported by grant DS-50 from
the Academy of Physical Education
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