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Introduction

Obesity is a condition of an abnormal body fat mass 
accumulation and associate with serious medical con-
ditions leading to increased risk of illness, disability 
and death [1, 2]. Importantly, obesity is an increas-
ingly prevalent health problem. The etiology of obesity 
is complicated and not well known. It is commonly be-
lieved to be results from increases in positive energy 
due to disrupted balance between energy intake and 
energy expenditure [3].

Leptin has been identified as an anti-obesity hor-
mone that functions as an afferent signal in a nega-
tive feedback regulating body weight through control-
ling food intake and energy expenditure by affecting 
the hypothalamic-pituitary-gonadal axis [4]. Besides 
this well-known function, leptin also has important 
regulatory affects on body hormonal functions includ-
ing growth hormone secretion [5], pancreatic beta cell 
function [6], gonadal function and gestation [7] and 
placental function [8].

It is commonly accepted that the main determi-
nants of leptin secretion are the net amount of body 
fat and the mean size of adipocytes [9]. In human sub-
jects, there is a highly significant correlation between 
leptin and body fat content. A markedly high leptin 
level has been reported in patients with obesity com-
pared to non-obese individuals [9, 10]. Furthermore, 
leptin levels are markedly reduced in underweight in-
dividuals [11, 12].

It is known that exercise has an important impact 
on energy expenditure. Considering the role of leptin 
on energy expenditure, alteration of energy expendi-
ture by an increased physical activity might also influ-
ence the leptin levels. Additionally, physical activity is 
known to have an effect on sympathetic nerve signals 
[13]. It has been suggested that an increase in sym-
pathetic nerve activity promotes down-regulation of 
leptin levels [14].

Several investigators reported that an acute exer-
cise has no significant effect on leptin levels in blood 
taken immediately after exercise [15, 18] or several 
hours after exercise [19]. In contrary, it has been re-
ported that moderate-intensity exercise was associated 

with a decline in leptin levels [20, 22]. It may be possi-
ble that training status of the subjects contribute to 
the differences in leptin levels in response to the acute 
energy expenditure by exercise. However, not much in-
formation is available about the effects of training sta-

tus of the subjects on the relationship of acute exercise 
and leptin.

In the present study, to explore any possible effect 
of training status of the subjects on acute exercise-
leptin relationship, acute energy expenditure by exer-
cise was performed in obese females and the relation-
ship was examined.

Material and Methods

Subjects

A total of 14 sedentary obese females were partic-
ipated (age 41±2.7 yr, height 156.7±1.3 cm) in this 
study. The physical characteristics of the patients be-
fore and after the training period are given in Table 1. 
All patients were medically examined by a physician 
before they entered the study. They were also screened 
for taking any medications known to affect body com-
position. The protocol for this study was approved by 
local Ethics Committee and informed written con-
sents was obtained from each patient at the start of 
the study.

Exercise test

All patients started a mild hypocaloric protein en-
riched diet providing energy approximately 1200–1400 
kcal/d, for 12-week study period in addition to a train-
ing program.

Each patient performed two incremental exercise 
tests to exhaustion [23] on a computer controlled, elec-
tromagnetically braked cycle ergometer (Lode, Exam-
iner Groningen The Netherlands): one at the onset of 
the study and one after 12 weeks aerobic training pe-
riod.

After a warm-up period of 4 min at a power output 
of 20 W, the workload was increased every minute with 
a 15 W until the limit of the subject’s tolerance. The 
patients were required to maintain a constant pedal-
ling frequency within the range of 60-80 rpm.

Each subject has also performed a constant load 
aerobic exercise test 3–4 times per week for approx-
imately 45 minutes in each session using an electro-
magnetically braked-cycle ergometer under supervi-
sion in the Laboratory of Human Exercise Physiology. 
Training exercise intensity was established using the 
anaerobic threshold which reflects aerobic to anaero-
bic metabolic transition point [24] and provide maxi-
mal fat oxidation [25].

Table 1: The mean (±SE) values and percent of differences for body mass index (BMI), body weight (BW), 
fat mass (FM), fat free mass (FFM), leptin and maximal work production capacity (Wmax) at the onset of 
the study (basal) and at the end of the 12-week aerobic training period.

Basal 12-wk % Difference P

BMI (kg/m2) 40.8 ± 2.1 37.0 ± 2.1 –9.3 P=0.0001

BW (kg) 100.1 ± 4.8 90.8 ± 4.8 –9.3 P=0.0001

FM (kg) 46.4 ± 3.3 38.8 ± 3.5 –17.5 P=0.0001

FFM (kg) 53.7 ± 1.6 51.8 ± 1.4 –3.5 P=0.001

Leptin (ng/ml) 23.62 ± 3.5 13.13 ± 3.4 –44.4 P=0.0001

Wmax (W) 88 ± 7 134 ± 5 52.3 P=0.0001
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Body weight and height were measured to the near-
est 0.1 kg and 0.5 cm, respectively. Body compositions 
were assessed at least once every week during 12–
weeks therapy period using leg-to-leg bioelectric im-
pedance (Tanita Body Fat Analyser, model TBF 300).

Blood analysis

Blood samples were taken before the exercise (at 
rest) and at the maximal exercise performance at the 
beginning and at the end of the 12-week therapy pe-
riod. After an overnight fasting, blood sample was ob-
tained between 08:00 to 09:00 h always approximately 
at the same time in the morning to avoid further re-
duction in leptin over time [26]. Blood sample was 
taken from the antecubital vein into sterile tube. The 
tube was centrifuged at 4500 rpm for 10 min at +4 C 
to obtain serum. The sample was frozen at –20 oC un-
til analysed. Serum leptin levels were measured in du-
plicate by RIA using commercial kits (Human Leptin 
RIA, Diagnostic Systems Laboratories, DSL-23100). 
The limit of sensitivity was 0.1 ng/ml.

Statistic analysis

Data are presented as mean±SE. The data between 
basal and 12-weeks were compared using paired t test. 
P<0.05 was considered significant. The relationship 
between fat mass loss and change in serum leptin level 
was assessed by Pearson’s Correlation analysis.

Results

The effects of the 12-week aerobic exercise training 
program on body compositions are shown in Figure 1. 
Total body weight and fat mass was decreased over the 
12 weeks of aerobic training; from 100.1±4.8 kg to 
90.8±4.8 kg (–9.3%) (P=0.0001) and from 46.4±3.3 kg 
to 38.8±3.5 kg, (–17.5%) (P=0.0001) (Table 1).

The 12-week aerobic exercise training program led 
to a significant improvement in maximal work pro-
duction capacity of the subjects, which increased from 
88±7 W to 134±5 W, i.e. 52.3% increases (P=0.0001, 
Table 1).

Figure 2 present the mean (±SE) pre- and post 
training serum leptin values measured at rest and at 
maximal exercise performance. The leptin response to 
the acute exercise did not change significantly when 
examined before and also after training period. Dur-
ing the incremental exercise test before the aerobic 
training program, the mean (±SE) serum leptin lev-
els measured at rest and at maximal exercise perfor-
mance were 23.62±3.5 ng/ml and 22.62±3.6 ng/ml, 
respectively (P=0.0001). During the incremental exer-
cise test after the 12 weeks aerobic training program, 
the mean (±SE) serum leptin levels measured at rest 
and at maximal exercise performance were 13.13±3.4 
ng/ml and 13.82±3.6 ng/ml, respectively (P=0.0001). 
However, exercise training resulted in a marked re-
duction in leptin levels measured at rest (P=0.0001).

As shown in Figure 3, the decrease of serum leptin 
level was closely correlated with the body fat mass 
loss after 12 week aerobic training and correlation 

was found to be R= 0.899 (P<0.0001). After aerobic 
training program, the leptin level for each kilogram 
fat mass and body weight were reduced significantly 
from 0.5027±0.04 ng/ml/kgFM to 0.3000±0.004 ng/
ml/kgFM (i.e. 40% decrease) (P=0.0001) and from 
0.2302±0.02 ng/ml/kgBW to 0.1325±0.02 ng/ml/
kgBW (i.e. 42% decrease, P=0.0001).
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Figure 1: The (mean±SE) percentage change of body mass index 
(BMI), body weight (BW), fat free mass (FFM), fat mass (FM) and 
leptin after 12-week aerobic training program.

Figure 2: The (mean±SE) values for serum leptin level at rest (W0) 
and at maximal exercise performance (Wmax) before (·) and after 
12-week aerobic training period (o).

Figure 3: The correlation between fat mass loss and leptin 
decrease after 12-week aerobic training period.
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Discussion

The main result of this study is the independent ef-
fect of aerobic exercise training on leptin-acute exer-
cise relationships. Although much research has been 
conducted investigating the effect of exercise on leptin, 
to our knowledge this is the first study to examine the 
effects of training status on the relationship between 
acute exercise and leptin in obese patients.

The sympathoadrenal system, which has impor-
tant functions in energy balance could have an ef-
fect on leptin [27,28]. However, a single acute exercise 
has no significant effect on serum leptin levels under 
the trained condition, which improves sympathoadre-
nal system. Furthermore, exercise training has been 
shown to be associated with improvements in glucose 
tolerance and insulin sensitivity [29] which expect to 
have an effects of exercise and leptin relationships.

Studies examining the effects of a single acute exer-
cise on leptin levels have resulted with different con-
clusions. In many studies, using a variety of subjects 
and exercise bouts, including exercise-trained men 
completing an endurance bout at moderate intensity 
[15,17]; sedentary healthy men and women complet-
ing a short high-intensity exercise bout [16]; lean and 
obese men completing an endurance bout at mild in-
tensity 18]; and in untrained men completing a maxi-
mal test and an endurance bout of mild intensity [19] 
showed that exercise has no effects on leptin levels 
which is in close agreements with the results of our 
study. In contrast, it should be pointed that a decline 
in leptin levels in response to the moderate-intensity 
exercise has been reported in some other studies [20–
22].

It is known that variations in the circadian rhythm 
of leptin may also influence leptin responses to exer-
cise, since it has been demonstrated that the highest 
concentrations of leptin levels occur between midnight 
and early morning, followed by a progressive decrease, 
with the lowest concentrations occurring at noon and 
in the early-afternoon [30]. In our study, to rule out 
any influence of the circadian rhythm on the acute ex-
ercise blood samples for leptin assays were taken at 
the same time of the day before and after training.

There are disparate findings concerning exercise 
training studies, with a number of studies finding no 
effect of training on leptin concentrations other than 
effects induced by fat loss, and other studies finding re-
ductions in leptin concentrations after accounting for 
fat loss. Exercise training-induced reductions in leptin 
levels have been attributed to alterations in energy 
balance, improvements in insulin sensitivity, altera-
tions in lipid metabolism, and unknown factors. As as-
sociated with the findings of pervious studies, we have 
found a marked decrease in serum leptin level after 12 
weeks aerobic training period [31–33]. The results of 
this study showed that training may alter leptin lev-
els, although reduced body fat may be responsible for 
those adaptations [10,34]. There was a negative lin-
ear correlation between the amount of fat loss and de-
crease in leptin levels among the subjects.

Previous studies have shown that aerobic training 
without effecting body fat mass resulted no change in 
resting leptin levels of overweight females [35] and 
non-obese females [16]. However, Hickey et al. [15] 
have shown a 17.5% reduction in leptin levels in fe-
males of normal body weight in response to 12 weeks 
of training in which body fat did not change.

There was a high percent decreases in leptin level 
(44.4%) compared to decrease in body weight (9.3%) 
after 12-week aerobic training period. The observa-
tion of high percentage decrease in leptin level com-
pared to the percentage of weight loss was in close 
agreement with the result of the study of Considine et 
al. [10] who studied in obese patients and found 53% 
decrease in leptin as a result of 10% reduction in to-
tal body weight by calorie restricted diet (800 kcal/day) 
application. However, this was disagreement with the 
results of Wing et al. [36] who found 29% reduction in 
leptin after 10% weight loss by calorie restricted diet 
(1200–1500 kcal/day) application. The degree of calorie 
restriction may have an effect on acute changes in se-
rum leptin [37] but this was not the case in our study 
group, i.e. during study period, to avoid feeding related 
change in leptin level a hypocaloric diet therapy was 
given to all patients.

The roles of exercise, fat metabolism, and leptin are 
of interest in obesity because those factors can directly 
affect adipose-tissue mass. A marked increase in whole 
body lipolytic rate during prolonged moderate inten-
sity aerobic exercise performance has been reported 
[38]. The high percent reduction in leptin level was 
considered as a result of high percentage fat mass loss 
rather than a direct effect of physical exercise itself 
[16,31]. On the other hand, there is also report that en-
durance training reduces leptin levels in obese males, 
independent of body fat [39].

High serum leptin levels are observed in obese pa-
tients who have high body fat content, could indicate 
leptin resistance. In the previous studies, an increase 
in peripheral leptin resistance as a result of consuming 
diet containing high fat has been reported in rodents 
[40,41]. Furthermore a high percentage of increases in 
leptin levels with increasing body fat mass has been re-
ported [42]. In contrast, decreased leptin levels as a re-
sult of lowering body fat mass could restore leptin sen-
sitivity. Thus, the high percentage decreases in leptin 
levels achieved during 12-week therapy period could 
have inverse effect on this and may represent a nor-
malisation of leptin function.

In summary, the results from this study suggest 
that the training status of the subjects has no marked 
effect on acute exercise-leptin relationship. The de-
crease in leptin levels after aerobic training is highly 
correlated with the fat mass loss.

Oguz Ozcelik, Husnu Celik, Ahmet Ayar, Selami Serhatlioglu & Haluk Kelestimur



384 Neuroendocrinology Letters No.5 October Vol.25, 2004 Copyright © Neuroendocrinology Letters ISSN 0172–780X   www.nel.edu 385Neuroendocrinology Letters No.5 October Vol.25, 2004 Copyright © Neuroendocrinology Letters ISSN 0172–780X   www.nel.edu

    REFERENCES

  1 Pi-Sunyer FX. Medical hazards of obesity. Ann Intern Med 1993; 
119:655–60.

  2 Kannel WB, D’agostino RB, Cobb JL. Effects of weight on cardio-
vascular disease. Am J Clin Nutr 1996; 63 (Suppl):419–22.

  3 Doucet E, Tremblay A. Food intake, energy balance and body 
weight control. Eur J Clin Nutr 1997; 51:846–55.

  4 Sinha MK. Human leptin: the hormone of adipose tissue. Eur J 
Endocrin 1997; 135:461–4.

  5 Carro E, Senaris R, Considine RV, Casanueva FF, Dieguez C. 
Regulation of in vivo growth hormone secretion by leptin. 
Endocrinology 1997; 138:2203–6.

  6 Shimabukuro M, Koyama K, Chen G, Wang MY, Trieu F, Lee Y, 
et al. Direct antidiabetic effect of leptin through triglyceride 
depletion of tissues. Proc Natl Acad Sci USA 1997; 94:4637–41.

  7 Garcia-Mayor RV, Andrade MA, Rios M, Lage M, Dieguez C, Casa-
nueva FF. Serum leptin levels in normal children: relationship to 
age, gender, body mass index, pituitary-gonadal hormones and 
pubertal stage. J Clin Endocrinol Metab 1997; 82:2849–55.

  8 Senaris R, Garcia-Caballero T, Casabiell X, Gallego R, Castro 
R, Considine RV, et al. Synthesis of leptin in human placenta. 
Endocrinology 1997; 138:4501–4.

  9 Hamilton BS, Paglia D, Kwan AYM, Deitel M. Increased obese 
mRNA expression in omental fat cells from massively obese hu-
mans. Nat Med 1995; 1:953–6.

10 Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens 
TW, Nyce MR et al. Serum immunoreactive-leptin concentrations 
in normal-weight and obese humans. N Engl J Med 1996; 334:
292–5.

11 Grinspoon S, Gulick T, Askari H, Landt M, Lee K, Anderson E, et 
al. Serum leptin levels in women with Anorexia Nervosa. J Clin 
Endocrinol Metab 1996; 81:3861–3.

12 Ferron F, Considine RV, Peino R, Lado IG, Dieguez C, Casanueva 
FF. Serum leptin concentrations in patients with anorexia ner-
vosa and nonspecific eating disorders correlate with the body 
mass index but are independent of the respective disease. Clin 
Endocrinol 1997; 46:289–93.

13 Björntorp P. Effects of physical training on blood pressure in 
hypertension. Eur Heart J 1987; 8:71–6.

14 Slieker LJ, Sloop KW, Surface PL, Kriauciunas A, LaQuier F, Ma-
netta J, et al. Regulation of expression of ob mRNA and protein 
by glucocorticoids and cAMP. J Biol Chem1996; 271:5301–4.

15 Hickey MS, Considine RV, Israel RG, Mahar TL, McCammon MR, 
Tyndall GL, et al. Leptin is related to body fat content in male 
distance runners. Am J Physiol 1996; 271:E938–40.

16 Perusse L, Collier G, Gagnon J, Leon AS, Rao DC, Skinner JS, et 
al. Acute and chronic effects of exercise on leptin levels in hu-
mans. J Appl Physiol 1997; 83:5–10.

17 Landt M, Lawson GM, Helgeson JM, Davila-Roman VG, Ladenson 
JH, Jaffe AS, et al. Prolonged exercise decreases serum leptin 
concentrations. Metabolism 1997; 46:1109–12.

18 Racette, SB, Coppack SW, Landt M, Klein S. Leptin production 
during moderate-intensity aerobic exercise. J Clin Endocrinol 
Metab 1997; 82:2275–7.

19 Torjman MC, Zafeirdis A, Paolone AM, Wilkerson C, Considine RV. 
Serum leptin during recovery following maximal incremental and 
prolonged exercise. Int J Sports Med 1999; 20:444–50.

20 Duclos, M, Corcuff J-B, Fuffie A, Roger P, and Manier G. Rapid 
leptin decrease in immediate post-exercise recovery. Clin Endo-
crinol (Oxf) 1999; 50:337–42.

21 Koistinen, HA, Tuominen JA, Ebeling P, Hieman ML, Stephens 
TW, Koivisto VA. The effect of exercise on leptin concentration 
in healthy men and in type 1 diabetic subjects. Med Sci Sports 
Exerc 1998; 6:805–10.

22 Van Aggel-Leijssen, DPC, van Baak MA, Tenenbaum R, Campfield 
LA, Saris WHM. Regulation of average 24 h human plasma leptin 
level; the influence of exercise and physiological changes in en-
ergy balance. Int J Obes 1999; 23:151–8. 

23 Whipp BJ, Davis JA, Torres F, Wasserman K. A test to determine 
parameters of aerobic function during exercise. J Appl Physiol 
1981; 50:217–21.

Investıgatıon of the ınfluence of traınıng status on the relatıonshıp between the acute exercıse and serum leptın levels ın obese females

24 Wasserman K, Hansen JE, Sue DY, Whipp BJ. Principles of ex-
ercise testing and Interpretation. Editor JM Harris, 2nd ed. pp 
52–72 Philadelphia, Lea & Febiger Publisher; 1994.

25 Astorino TA. Is the ventilatory threshold coincident with 
maximal fat oxidation during submaximal exercise in women? J 
Sports Med Phys Fitness 2000; 40:209–16.

26 Sinha MK, Ohannesian JP, Heiman ML, Kriauciunas A, Stephens 
TW, Magosin S, et al. Nocturnal rise of leptin in lean, obese 
and non-insuline-dependent diabetes mellitus subjects. J Clin 
Invest 1996; 97:1344–7.

27 Del Rio G. Adrenomedullary function and its regulation in obe-
sity. Int J Obes Rel Metab Disord 2000; 24 (Suppl 2):S89–91.

28 Nonogaki K. New insights into sympathetic regulation of glucose 
and fat metabolism. Diabetologia 2000; 43:533–49.

29 Bonen A. Benefits of exercise for type II diabetics: convergence 
of epidemiologic, physiologic, and molecular evidence. Can J 
Appl Physiol 1995; 20:261–79.

30 Licinio J, Mantzoros C, Negrão AB, Cizza G, Wong M, Buongiorno 
PB, et al. Human leptin levels are pulsatile and inversely related 
to pituitary-adrenal function. Nat Med 1997; 3:575–9.

31 Kohrt WM, Landt M, Birge SJ. Serum leptin levels are reduced 
in response to exercise training, but not hormone replacement 
therapy, in older women. J Clin Endocrinol Metab 1996; 81:
3980–5.

32 Hickey MS, Houmard JA, Considine RV, Tyndall GL, Midgette JB, 
Gavigan KE et al. Gender-dependent effects of exercise train-
ing on serum leptin levels in humans. Am J Physiol 1997; 272:
E562–6.

33 Thong FSL, Hudson R, Ross R, Janssen I, Graham TE. Plasma 
leptin in moderately obese men: independent effects of weight 
loss and aerobic exercise. Am J Physiol 2000; 279:E307–13.

34 Geldszus R, Mayr B, Horn R, Geisthovel F, von zur Muhlen A, 
Brabant G. Serum leptin and weight reduction in female obesity. 
Eur J Endocrinol 1996; 135:659–62.

35 Kraemer RR, Kraemer GR, Acevedo EO, Hebert EP, Temple E, Bates 
M, et al. Effects of aerobic exercise on serum leptin levels in 
obese females. Eur J Appl Physiol 1996; 80:154–8.

36 Wing RR, Sinha MK, Considine RV, Lang W, Caro JF. Relationship 
between weight loss maintenance and changes in serum leptin 
levels. Horm Metab Res 1996; 28:698–703.

37 Wadden TA, Considine RV, Foster GD, Anderson DA, Sarwer DB, 
Caro JS. Short- and long-term changes in serum leptin in dieting 
obese women: effects of calorie restriction and weight loss. J 
Clin Endocrinol Metab 1998; 83:214–8.

38 Klein S, Coyle EF, Wolfe RR. Fat metabolism during low-intensity 
exercise in endurance-trained and untrained men. Am J Physiol 
1994; 267:E934–40.

39 Pasman WJ, Westerp-Plantega MS, Saris WHM. The effect of 
exercise training on leptin levels in obese males. Am J Physiol 
Endocrinol Metab 1998; 274:E280–E286.

40 Frederich RC, Hamann A, Anderson S, Lollmann B, Lowell 
BB, Flier JS. Leptin levels reflect body lipid content in mice: 
evidence for diet-induced resistance to leptin action. Nat Med 
1995; 1:1311–4.

41 Van Heek M, Compton DS, France CF, Tedesco RP, Fawzi AB, 
Graziano MP, et al. Diet-induced obese mice develop peripheral, 
but not central, resistance to leptin. J Clin Invest 1997; 99:
385–90.

42 Keim NL, Stern JS, Havel PJ. Relation between circulating leptin 
concentrations and appetite during a prolonged, moderate en-
ergy deficit in women. Am J Clin Nutr 1998; 68:794–801.

To cite this article: Neuroendocrinol Lett 2004; 25(5):381–385


