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Objective: A number of investigations have examined
the effect of exercise on leptin concentrations, because
leptin is associated with obesity, satiety, and repro-
ductive function. High-intensity exercise is known to
increase testosterone, an inhibitor of leptin. The objec-
tive of the study was to determine whether the leptin
responses to a progressive, intermittent exercise proto-
col were related to serum testosterone concentrations.
Most previous studies have examined leptin responses
to low or moderately high exercise intensities. A second
objective was to determine whether leptin responses
were different than previous experiments using inter-
mittent moderate and high-intensity exercise.

Methods: Well-trained runners completed strenuous
intermittent exercise consisting of treadmill running
at 60, 75, 90, and 100% VO2 max and a subsequent rest-
ing control trial was also conducted.

Results: There were significant increases in mean
serum levels of leptin and testosterone with both quickly
returning to baseline during recovery, but no rela-
tionship between the two hormones was found. After
examining individual data for both hormones, it was
discovered that subjects could be classified as leptin
responders or nonresponders, whereas testosterone in-
creased in all subjects. Responders had elevated serum
leptin levels at baseline and exhibited increases after
high-intensity exercise, whereas nonresponders did not
show changes in leptin during exercise.

Conclusions: Data suggest testosterone levels do not
acutely affect leptin responses to exercise or 1-h of recov-
ery. Moreover, varied leptin responses to intense exer-
cise in comparable well-trained runners was observed
and was associated with baseline leptin concentrations.
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Introduction

Leptin, a hormone found primarily in adipose tissue, is
a 16 kDa protein with a helical structure similar to cytokines
(1,2) that plays an important role in the regulation of body
weight and energy homeostasis (3,4). Neurons in the arcu-
ate, ventromedial, and dorsomedial hypothalamic nuclei that
are sensitive to leptin express neuropeptides/neurotrans-
mitters that are associated with central regulation of energy
balance (5). Leptin is regulated by the status of fat storage,
with larger adipocytes containing more leptin than smaller
ones in the same individual (6). Nutrition-related control of
leptin has been suggested to be partially regulated by insu-
lin. It has been demonstrated that leptin mRNA expression
increases after elevation of insulin in response to feeding
(7) and a decline in serum leptin levels follows reduction
in insulin during fasting (8).

The discovery of leptin (2) has led to numerous expe-
riments to better understand its function and a portion of
those studies have focused on leptin and exercise. A major
reason for this is that exercise reduces obesity, thus if leptin
levels are affected, this may provide some explanation of how
exercise affects obesity. Moreover, an array of hormones are
affected by exercise that have been shown alone to alter lep-
tin concentrations (9).

We have recently reviewed the extensive literature on
leptin and exercise (9) noting that studies of short-term exer-
cise (<60 min) and circulating leptin have reported no change,
increases, or reductions in leptin concentrations, with fac-
tors such as hemoconcentration and diurnal decline account-
ing for the latter two (10–12). We have reported relatively
stable leptin levels in response to exercise in postmenopau-
sal women (12), but have noted variability among subjects.

Gender influences leptin concentrations (13) with higher
levels in females than males (14,15). Higher leptin levels
in females have been attributed to a number of factors includ-
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ing (a) stimulation by estrogens, (b) inhibition by androgens,
and (c) fat-depot differences in leptin expression (16,17).

It is known that testosterone concentrations rise in response
to exercise only at higher exercise intensities (18) and that
training may increase those responses (19). We have recently
reported glucoregulatory responses to exercise in a group
of well-trained males (20). We have extended these studies
to determine the leptin responses to a progressive, inter-
mittent exercise protocol and ascertained whether any rela-
tionship exists between testosterone and serum leptin. Most
previous studies have examined leptin responses to low or
moderately high exercise intensities (9). A second objective
was to determine whether leptin responses using an inter-
mittent moderate and high-intensity exercise protocol were
different than responses reported in previous experiments.

Results

Plasma volume was not reduced more than 9.9% between
any two time points during exercise and only 2.2% during
recovery. Plasma lactate levels (Fig. 1) rose significantly
(p < 0.01) during exercise demonstrating the rigorousness
of the protocol.

Testosterone: There was a significant time effect (p < 0.01)
and time ↔ trial interaction (p < 0.01) for testosterone. Thus,
the exercise trial produced significantly different testoster-
one responses compared with the control trial. Testoster-
one concentrations (Fig. 2) rose from 526 ± 97.54 ng/dL,
prior to exercise, to peak at 695 ± 132.12 ng/dL after 5 min
at 90% VO2 max and remained elevated after 100% VO2 max.
Individual testosterone data revealed testosterone increases
in all subjects during the exercise period. A correlation matrix
demonstrated that there was no relationship between lep-
tin and testosterone during or following exercise (data not
shown).

Leptin: There was a significant time effect (p < 0.01)
and time ↔ trial interaction (p < 0.01) for leptin. Thus, the
exercise trial produced significantly different leptin con-
centrations compared with the control trial. Leptin concen-
trations for the entire group (Fig. 3) rose from 0.67 ± 0.25
ng/mL at rest to peak at 0.87 ± 0.36 ng/mL after 5 min at
90% of VO2 max then declined to resting values during re-
covery. Individual leptin data revealed different responses
among subjects with some showing an increase (n = 3) and
others (n = 4) showing no response during the exercise
trial. We calculated the mean ± SE concentrations for the
three responders and four nonresponders (Fig. 4). Data
clearly show different resting leptin concentrations between
the two groups with peak values of 1.7 ± 0.55 ng/mL for
responders and no change for nonresponders. Using inde-
pendent t-tests we found a significantly higher (p < 0.05)

Fig. 1. Plasma lactate concentrations before exercise, after each
exercise intensity, and for 1 h of recovery. Data depict means ± SE
for n = 7. Each concentration was compared with the –10 min rest-
ing concentration, *p < 0.05; **p < 0.01.

Fig. 2. Serum testosterone concentrations for the entire group
(n = 7) before exercise, after each exercise intensity, and for 1 h
of recovery. Data depict means ± SE for exercise (●) and control
( ) trials, n = 7. There was a significant (p < 0.01) time effect and
a significant (p < 0.01) time ↔ trial interaction.

Fig. 3. Serum leptin concentrations for the entire group (n = 7)
before exercise, after each exercise intensity, and for 1 h of recov-
ery. Data depict means ± SE for exercise (●) and control ( )
trials. There was a significant (p < 0.01) time effect and a signifi-
cant (p < 0.01) time ↔ trial interaction.
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leptin concentration at all 10 time points for the responders
versus the nonresponders. There was no difference (p > 0.05)
in testosterone responses between these two subgroups at
any exercise or recovery time point. We further examined
age, weight, body fat, VO2 max, glucose, insulin, and corti-
sol concentrations in the responders and nonresponders to
determine whether these factors could explain the different
leptin levels (Table 1). Among these factors the only one
(other than resting leptin levels) that was significantly dif-
ferent (p < 0.05) between responders and nonresponders,
was percentage body fat, although BMI and percentage body
fat in both groups was in the normal range.

Discussion

Previous investigations have demonstrated that andro-
gens have a suppressive effect on leptin (17,21). We have
demonstrated that a progressive intermittent, intense exer-
cise protocol elicits increases in leptin and testosterone con-
centrations, with both quickly returning to baseline values
during recovery. Individual data revealed similar testoster-
one responses for all subjects, whereas leptin increased dur-
ing exercise in some subjects (responders), but did not change
in others (nonresponders). There was no relationship between
testosterone and leptin concentrations during exercise or
recovery. These data suggest testosterone does not acutely
affect leptin levels during exercise or 1 h of recovery and
that there may be individual differences in leptin responses
to intense exercise.

Previous studies have shown that testosterone levels in-
crease from resistance exercise (22,23) and running exer-
cise (24,25) of sufficient volume and that exercise intensity
increases this response (26). The testosterone increases in
the present study are likely due to the intensity of the exer-

cise protocol. We (18) and others (27) have postulated pos-
sible mechanisms for the increases in testosterone, includ-
ing hemoconcentration, reduced metabolic clearance, and
increased lactate concentrations.

Previous studies investigating effects of exercise on lep-
tin have mostly reported no change or a slight reduction in
leptin concentrations (9). There are a few investigations,
however, that have documented leptin increases from run-
ning (11,28); however, leptin increases were attributed to
plasma volume shifts and thus hemoconcentration. There-
fore, the findings of the present study are novel in this regard.
In the present study, some individuals showed dramatic lep-
tin increases whereas others did not, suggesting that there
are leptin responders and nonresponders. The observed in-
creases in leptin in these individuals were in response to a
rigorous progressive bout of intermittent running exercise,
which was different from protocols used in previous studies.

Although plasma volume shifts appeared slightly greater
in the responders after running at 75% and 90% of VO2 max
(Table 1), these differences (approx 1.5–6.0% greater plasma
volume shift for responders) are much less than the leptin
differences (approx 300% greater leptin for responders) and
thus cannot account for the different leptin responses. Insu-
lin and glucose concentrations in response to exercise were
not different between responders and nonresponders and
appear not to explain the variation. Moreover, resting corti-
sol, which has been shown to promote leptin production (9),
was not significantly different between responders and non-
responders.

Percentage body fat was significantly greater in the re-
sponders compared with the nonresponders and may have
played a role in the variable leptin responses. Moreover, inde-
pendent t-tests revealed significantly higher leptin concen-
trations at all 10 time points for the responders versus the

Fig. 4. Serum leptin concentrations for leptin responders (●),
n = 3, and leptin nonresponders ( ), n = 4, before exercise, after
each exercise intensity, and for 1 h of recovery. The control trial
is not shown for clarity. Data depict means ± SE.

Table 1
Endocrine and Descriptive Data

for Leptin Responders (n = 3) and Nonresponders (n = 4)

Nonresponders Responders

Age (y) 28.3 (3.0) 29.3 (3.4)
Weight (kg) 73.3 (5.7) 73.5 (1.3)
Body fat (%) 9.6 (2.0)a 13.06 (1.3)
VO2 max (mL/kg/min) 61.8 (2.7) 59.9 (2.4)
Resting glucose (mg/dL) 88.3 (3.8) 83.3 (8.7)
Resting insulin (µIU/mL) 4.8 (0.9) 4.6 (1.1)
Resting leptin (ng/mL) 1.19 (0.35) a 0.25 (0.01)
Resting testosterone (ng/mL) 670.7 (89.8) 564.5 (36.3)
Resting cortisol (µg/dL) 19.4 (3.3) 16.1 (3.2)
Percent of plasma volume
   shift after run at 75% VO2 max −2.9 (0.5) −4.62 (3.0)
Percent of plasma volume
   shift after run at 90% VO2 max −2.1 (1.3) −8.79 (3.3)

aSignificantly different (p < 0.05) than responders. Values are
presented as means ± SE.
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nonresponders. If a greater amount of fat tissue for leptin
expression is present, it could contribute to an increase in
the detectable plasma peptide pool. Another interesting dif-
ference was found regarding resting leptin levels in these
otherwise comparable individuals who were all well trained
and had low body fat. Those individuals with higher base-
line leptin levels were those that showed the dramatic in-
creases in leptin during the exercise trial. This is not unlike
other physiological situations in which baseline leptin con-
centrations frequently predict the changes that occur fol-
lowing some intervention, be it exercise or weight loss or
some physiological state that may alter serum leptin concen-
trations (29,30). Clearly, further studies are needed to deter-
mine why one group of individuals so closely matched to
another group is markedly different in baseline leptin con-
centrations. Future studies with a larger number of subjects
will be required to answer this question.

In conclusion, we have demonstrated that testosterone
levels do not acutely affect leptin responses to exercise or
during one hour of recovery. Data show that leptin increases
can occur even in the presence of elevated testosterone. More-
over, there may be different leptin responses to intense exer-
cise in well-trained runners. Data suggest for individuals
with elevated serum leptin levels at baseline that an intense
bout of short-term interval exercise can increase serum lep-
tin levels. For individuals with lower baseline concentra-
tions, there will be no change in serum leptin levels with the
same exercise. Future studies are needed to elucidate the
cause of these observations and determine whether degree
of adiposity is a primary factor affecting different leptin
responses to exercise.

Materials and Methods

Subjects

Seven male subjects were recruited from the university
community and provided written consent for participation
in the study. A description of the subjects and exercise pro-
tocol that was conducted is described in our earlier report
(20). In brief, the subjects’ mean (±SEM) age, weight, height,
percentage fat, and VO2 max were 28.71 ± 2.91 y, 73.39 ±
4.14 kg, 179.80 ± 2.53 cm, 11.08 ± 1.01%, and 61.01 ± 2.37
mL/kg/min, respectively. Subjects that participated had no
history of cardiovascular or metabolic diseases, were between
the ages of 18 and 39 yr, were following a normal dietary
regimen, and were not taking any medications. All had pre-
vious running experience and a well-trained aerobic fitness
level (VO2 max > 52.0 mL/kg/min). The study was approved
by the Southeastern Louisiana University Institutional Re-
view Board.

Preliminary Trial

Subjects completed a preliminary trial to determine stan-
dard fitness measures that included body composition (skin-
fold measures) and cardiorespiratory fitness (VO2 max). Sub-

jects completed a graded exercise test to exhaustion at a con-
stant grade. The treadmill speeds (at a 4% treadmill grade)
that corresponded with 60, 75, 90, and 100% VO2 max were
calculated from a regression equation generated from the
relationship between VO2 and treadmill speed in the pre-
liminary trial.

Exercise and Control Trials

Subjects were refrained from exercise and alcohol 24 h
before testing and reported for the exercise trial at 07:45
following an overnight fast. An intravenous catheter (Tra-
venol, 22 gauge, 32 mm) was inserted into an antecubital
vein and a normal saline lock was attached. At 08:30, 40 min
prior to exercise (−40) and at 09:00, 10 min prior to exer-
cise (−10), resting blood samples were collected from the
catheter. Subjects then completed an intermittent treadmill
exercise protocol at four speeds predicted to elicit a spe-
cific percentage of VO2 max: 60% VO2 max for 10 min, 75%
VO2 max for 10 min, 90% VO2 max for 5 min, and 100%
VO2 max for 2 min. After each workload was completed at
the prescribed intensity and duration, treadmill speed was
reduced to a walking speed (for 3.5–4 min) to allow a blood
sample to be collected. Gas samples were collected continu-
ously and confirmed that the actual VO2 corresponded with
the predicted VO2 for each workload.

In addition to blood samples collected from the intrave-
nous catheter after each workload (60, 75, 90, 100% VO2 max),
samples were also collected every 15 min during a 1-h recov-
ery (R15, R30, R45, and R60). Sera from blood samples were
stored at –20°C until assayed. One month later, subjects
reported to the lab at 07:45 following an overnight fast for
a control trial. Blood samples were drawn (in the seated posi-
tion) at the identical times of the exercise trial, but exercise
was excluded in this trial.

Analyses

Hemoconcentration was calculated (31) from hematocrit
(microhematocrit method) and hemoglobin levels (Sigma
Chemical, St. Louis, MO). Plasma lactate was determined
in duplicate using an enzymatic, colorimetric method (cat.
no. 735-10, Sigma Chemical). Plasma glucose was deter-
mined in duplicate using an enzymatic (hexokinase), colori-
metric method (cat. no. 115-A, Sigma Chemical). Serum
samples were assayed in duplicate for leptin using a sensi-
tive (0.5 ng/mL) and highly specific IRMA assay (Diagnos-
tic Systems Laboratories, Webster, TX). Serum samples were
assayed for testosterone, insulin, and cortisol by a chemi-
luminescent enzymatic immunoassay (Immulite, Diagnos-
tic Products Corporation, Los Angeles, CA). The interassay
coefficients of variation for leptin, testosterone, insulin, and
cortisol were 8.8%, 7.6%, 10.6%, and 5.6%, respectively.
Intraassay coefficients of variation for leptin, testosterone,
insulin, and cortisol were < 5.0%. The sensitivity of the assay
for testosterone, insulin, and cortisol was 20 ng/mL, 1 µg/dL,
and 2 µIU/mL, respectively.
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Statistics

Two different statistical methods were used. A 2 ↔ 10
(trial ↔ time point) repeated measures ANOVA was used to
examine hormone changes over time and hormone concen-
trations between trials. Independent t-tests were used to com-
pare leptin responders and nonresponders. To examine the
relationship between leptin and testosterone concentrations,
we used Pearson correlation coefficients. Data are expressed
as means ± SE. All comparisons were considered statisti-
cally significant at p < 0.05.

Acknowledgments

We wish to thank the subjects who participated in the study.
The study was funded by a Faculty Development Grant and
the B.C. Purcell Endowed Professorship in Kinesiology
from Southeastern Louisiana University.

References

1. Zhang, F., Basinski, M. B., Beals, J. M., et al. (1997). Nature
387, 206–209.

2. Zhang, Y., Proenca, R., Maffei, M., Barone, M., Leopold, L.,
and Friedman, J. M. (1994). Nature 372, 425–432.

3. Campfield, L. A., Smith, F. J., Guisez, Y., Devos, R., and Burn,
P. (1995). Science 269, 546–549.

4. Pelleymounter, M. A., Cullen, M. J., Baker, M. B., et al. (1995).
Science 269, 540–543.

5. Ahima, R. S. and Flier, J. S. (2000). Annu. Rev. Physiol. 62,
413–437.

6. Hamilton, B. S., Paglia, D., Lwan, A. Y., and Deitel, M. (1995).
Nat. Med. 1, 953–956.

7. Saladin, R., De Vos, P., Guerre-Millo, M., et al. (1995). Nature
377, 527–529.

8. Boden, G., Chen, X., Mozzoli, M., and Ryan, I. (1996). J. Clin.
Endocrinol. Metab. 81, 3419–3423.

9. Kraemer, R. R., Chu, H., and Castracane, V. D. (2002). Exp.
Biol. Med. 227, 701–708.

10. Elias, A. N., Pandian, M. R., Wang, L., Suarez, E., James,
N., and Wilson, A. F. (2000). Psychoneuroendocrinology 25,
453–461.

11. Fisher, J. S., Van Pelt, R. E., Zinder, O., Landt, M., and Kohrt,
W. M. (2001). J. Appl. Physiol. 91, 680–686.

12. Kraemer, R. R., Johnson, L. G., Haltom, R. W., et al. (1999).
Proc. Soc. Exp. Biol. Med. 221, 171–177.

13. Castracane, V. D. and Henson, M. C. (2002). Semin. Reprod.
Med. 20, 89–92.

14. Castracane, V. D., Kraemer, R. R., Franken, M. A., Kraemer,
G. R., and Gimpel, T. (1998). Fertil. Steril. 70, 472–477.

15. Hickey, M. S., Houmard, J. A., Considine, R. V., et al. (1997).
Am. J. Physiol. Endocrinol. Metab. 272, E562–E566.

16. Ahima, R. S. and Flier, J. S. (2000). Trends Endocrinol. Metab.
11, 327–331.

17. Rosenbaum, M. and Leibel, R. L. (1999). J. Clin. Endocrinol.
Metab. 84, 1784–1789.

18. Kraemer, R. R., Kilgore, J. L., Kraemer, G. R., and Castracane,
V. D. (1992). Med. Sci. Sports Exerc. 24, 1346–1352.

19. Kraemer, W. J., Fry, A. C., Warren, B. J., et al. (1992). Int. J.
Sports Med. 13, 103–109.

20. Kraemer, R. R., Acevedo, E. O., Synovitz, L. B., et al. (2002).
Metabolism 51, 657–663.

21. Mantzoros, C. S., Moschos, S., Avramopoulos, I., et al. (1997).
J. Clin. Endocrinol. Metab. 82, 3408–3413.

22. Kraemer, W. J., Volek, J. S., Bush, J. A., Putukian, M., and
Sebastianelli, W. J. (1998). J. Appl. Physiol. 85, 1544–1555.

23. Kraemer, W. J., Hakkinen, K., Newton, R. U., et al. (1999). J.
Appl. Physiol. 87, 982–992.

24. Wilkerson, J. E., Horvath, S. M., and Gutin, B. (1980). J. Appl.
Physiol. 49, 249–253.

25. Hackney, A. C., Fahrner, C. L., and Stupnicki, R. (1997). Exp.
Clin. Endocrinol. Diabetes 105, 291–295.

26. Duclos, M., Corcuff, J. B., Rashedi, M., Fougere, V., and
Manier, G. (1996). Eur. J. Appl. Physiol. Occup. Physiol. 73,
427–433.

27. Kindermann, W., Schnabel, A., Schmitt, W. M., Biro, G.,
Cassens, J., and Weber, F. (1982). Eur. J. Appl. Physiol. Occup.
Physiol. 49, 389–399.

28. Kraemer, R. R., Acevedo, E. O., Synovitz, L. B., Hebert, E. P.,
Gimpel, T., and Castracane, V. D. (2001). Eur. J. Appl. Physiol.
86, 85–91.

29. Sudi, K. M., Gallistl, S., Borkenstein, M. H., et al. (2001).
Endocrine 14, 429–435.

30. Gutin, B., Ramsey, L., Barbeau, P., et al. (1999). Am. J. Clin.
Nutr. 69, 388–394.

31. Dill, D. B. and Costill, D. L. (1974). J. Appl. Physiol. 37, 247–
248.




