Plasma Ghrelin Is Altered After Maximal
Exercise in Elite Male Rowers
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The aim of the present investigation was to investigate plasma
ghrelin response to acute maximal exercise in elite male rowers.
Eight elite male rowers performed a maximal 6000-m rowing
ergometer test (mean performance time: 19 mins 52 secs; 1192.1
+ 16.4 secs), and venous blood samples were obtained before,
immediately after, and after 30 mins of recovery. In addition to
ghrelin concentration, leptin, insulin, growth hormone, insulin-
like growth factor-1 (IGF-1), testosterone, cortisol, and glucose
values were measured. Ghrelin was significantly increased
immediately after the exercise (+24.4%; P < 0.05) and was not
significantly different than baseline after 30 mins of recovery.
Leptin was significantly decreased immediately after the
exercise (—15.8%; P < 0.05) and remained significantly
decreased after the first 30 mins of recovery. No changes
occurred in insulin concentrations. Growth hormone, IGF-1, and
testosterone values were significantly increased and decreased
to the pre-exercise level immediately after the exercise and after
the first 30 mins of recovery, respectively. Cortisol and glucose
values were significantly increased immediately after the
exercise and remained significantly increased during the first
30 mins of recovery. There were no relationships between
plasma ghrelin and other measured blood parameters after the
exercise, nor were changes in ghrelin related to changes in
other measured blood biochemical values after the exercise. In
conclusion, these results suggest that acute negative energy
balance induced by specific maximal short-term exercise elicits
a metabolic response with opposite changes in ghrelin and
leptin concentrations in elite male athletes. Exp Biol Med
232:904-909, 2007
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Introduction

Ghrelin, a 28—amino acid peptide, is involved in growth
hormone secretion and energy homeostasis (1). The
principal site of ghrelin synthesis is the stomach (2).
Ghrelin transfers information from the stomach to the
hypothalamus and influences growth hormone release in
response to changes in energy homeostasis (1). Plasma
ghrelin levels are reduced in obese individuals (3) and
substantially elevated in anorexic subjects (4). Ghrelin is,
therefore, another hormone, in addition to leptin, that
reflects peripheral nutritional status (5, 6). It has been well
established that leptin is an adipocyte-derived hormone that
acts directly on the hypothalamus, where it regulates a large
number of molecules that are involved in the energy
homeostasis (7). In addition, leptin may have a role in the
control of growth hormone release (8, 9). Accordingly,
peripheral signals, such as ghrelin and leptin, could be
influenced by changes in energy balance to opposite
directions (1, 5).

Intensive physical exercise is a well-recognized stim-
ulator of plasma growth hormone release that is linear with
exercise intensity (1, 10). Information regarding the
regulatory effect of ghrelin on growth hormone release as
a result of acute physical exercise is limited. To date, the
published acute exercise investigations with ghrelin suggest
that regardless of intensity, exercise alone does not alter
ghrelin concentration in healthy adults (10-15). However,
the published acute exercise studies have used exercise
protocols in which only the lower extremeties were involved
(i.e., running or cycling; Refs. 10-14). Our recent study
demonstrated that the increase in plasma ghrelin concen-
tration almost approached significance when the constant
load rowing exercise was performed at an intensity slightly
above the individual’s anaerobic threshold (15). In addition,
the only other study that has used high-intensity exercise
protocol was that of Kraemer et al. (10), in which six well-
trained male runners performed a progressively intense
intermittent exercise trial on a treadmill for the duration of
27 mins. However, to our knowledge, no studies have yet
investigated the effect of short term maximal exercise on
plasma ghrelin using an exercise protocol in which all major
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Table 1. Subject Characteristics (n=8)

Variable Mean = SD  Minimum—maximum
Age (yrs) 21.3 =+ 238 19.0-26.0
Height (cm) 193.7 = 5.3 185.6—199.6
Body mass (kg) 974 =74 87.0-104.0
Body fat (%) 112 =24 7.2-14.6
FM (kg) 102 = 2.5 6.7-13.8
FFM (kg) 80.7 £ 5.0 73.1-86.1
Pmax (W) 440.0 + 39.8 400-530
Ve (/min) 1935 = 11.3 171.0-203.0
Voomax (I/min) 6.26 = 0.56 5.40-7.10
Voomax/kg (ml/min/kg) 65.70 = 3.80 61.60-73.20

muscle groups are involved. This may cause additional
energy expenditure that may be needed for plasma ghrelin to
be reduced by acute exercise. In support of this finding, a
recent study by Christ et al. (5) with endurance athletes
demonstrated that ghrelin was significantly increased as a
result of a prolonged 3-hr aerobic exercise session on a
cycle ergometer at the intensity of 50% of maximal aerobic
power.

The present study was designed to evaluate the effects
of maximal short-term ergometer rowing (6000-m all-out
test) on plasma ghrelin in elite male rowers. It was
hypothesized that maximal ergometer rowing with higher
metabolic strain on the organism (16) would have an impact
on plasma ghrelin and leptin concentrations in response to
an altered concentration of growth hormone, as elite rowers
present relatively large body mass values and all extremeties
and trunk are involved in rowing compared with other
endurance sport disciplines.

Materials and Methods

Study Design. Eight highly trained male rowers
volunteered to participate in the study (Table 1). They all
have been medal winners in international world champion-
ships either at the junior, under-23 or senior-A level.
Measurements took place at the beginning of the prepar-
atory period after a relative rest. The participants had
trained, on average, four times per week during the 4 wks
preceding the study. The main goal of training during that
period was to recover from the previous competition season
and to prepare for the coming training season. The mean
weekly training volume during this period was about 6 hrs/
wk. The rowers were fully familiarized with the procedures
before providing their written consent to participate at the
experiment, as approved by the Medical Ethics Committtee
of the University of Tartu. Each subject completed body
composition and incremental rowing ergometer exercise
tests. Second measurement consisted of a maximal 6000-m
rowing ergometer test to determine ghrelin responses to a
relatively short-term exercise protocol in which all major
muscle groups are involved (16). Rowers were asked not to
particpate in any physical activity in the 24 hrs before each
session.

Body Composition Assessment. The height
(Martin metal anthropometer) and body mass (A&D
Instruments, Abingdon, UK) of the participants were
measured to the nearest 0.1 cm and 0.05 kg, respectively.
Body composition was measured using dual-energy x-ray
absorptiometry. Scans of the whole body were performed on
each of the subjects using a Lunar DPX-IQ scanner (Lunar
Corp., Madison, WI) and were analyzed for fat (FM) and
fat-free (FFM) mass.

Incremental Ergometer Exercise. A progressive
test to exhaustion was performed on a rowing ergometer
(Concept II, Morrisville, VT) to determine maximal oxygen
consumption (Vo,max; I/min), relative Vo,max (Vo,max/kg;
ml/min/kg), maximal ventilation (Vg; 1/min), and maximal
aerobic power (P.; W). Power and stroke frequency were
monitored and recorded continuously via computer display
of the rowing ergometer. Vo, consumption and carbon
dioxide production were continuously measured during the
test using a portable open circuit spirometry system
(MetaMax I; Cortex, Leipzig, Germany). The analyzer was
calibrated before the test with the gases of known
concentration according to manufacturer’s guidelines. Ath-
letes performed an initial work rate of 150 W with
increments of 50 W every 3 mins until fatigue.

Rowing Performance Test. Maximal 6000-m er-
gometer performance was assessed in the afternoon on a
wind resistance—braked rowing ergometer (Concept II). All
subjects were in a postabsorptive condition, having eaten a
meal about 2 hrs before the test (13, 15, 17). Our subjects
were instructed by an experienced dietician previously, and
their daily food intake consisted of a high-carbohydrate diet
with the composition remaining stable. The pre-exercise diet
and the fluid intake was not measured. During the rowing
performance test, athletes were asked to cover a distance of
6000 m in the least time possible. The athletes were fully
familiarized with the use of this apparatus. Power and stroke
frequency were monitored and recorded continuously via
computer display of the rowing ergometer (15, 17).

Analytical Methods. A 10-ml blood sample was
obtained from an anticubital vein with the participant in the
upright position. Blood samples were taken before (PRE),
immediately after (POST), and 30 mins after (POST-30) the
6000-m maximal rowing ergometer test (15, 17). Similarly
to other recent studies, no control trial was conducted, as
diurnal changes of measured hormones were considered not
to occur during this short time period (5, 15, 18-20). The
plasma was separated and frozen at —20°C for later analysis.
Ghrelin was assessed using a commercially available
radioimmunoassay (RIA) kit (Linco Research, St. Charles,
MO). The sensitivity of the ghrelin kit was 93 pg/ml, and
the intra-assay and inter-assay coefficients of variation (CV)
were <10% and <14.7%, respectively. Leptin also was
determined by the RIA kit (Mediagnost GmbH, Reutlingen,
Germany). This assay has intraassay and interassay CVs of
less than 5%. Insulin was determined on Immulite 2000
(DPC, Los Angeles, CA). The intraassay and interassay
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CVs for insulin were 4.5% and 12.2%, respectively, at an
insulin concentration of 6.6 pl/U/ml. Growth hormone, IGF-
1, testosterone, and cortisol also were analyzed on Immulite
2000 (DPC), and the interassay and intraassay CVs were
less than 5%. All samples were run on the same assay.
Glucose was measured by means of the hexokinase/glucose
6-phosphate-dehydrogenase method using a commercial kit
(Boehringer, Mannheim, Germany). Aliquots of the whole
blood also were analyzed in quadruplicate for hematocrit at
12,000 rpm for 5 mins and for hemoglobin using a Lange
(Berlin, Germany) microanalyzer. Postexercise changes in
plasma volume PV were calculated using the formula of Dill
and Costill (21).

Statistical Analysis. Means and standard deviations
were determined. For continuous variables, the distribution
was tested by the Shapiro-Wilk statistical method. Friedman
analyses of variance by ranks were used to examine
changes, as the row data and their logarithmic trans-
formations were not normally distributed. The Wilcoxon
matched-pairs, signed-ranks test was used where post-hoc
analysis was relevant. Kendall rank correlation coefficients
were used to evaluate associations among different variables
of interest. An alpha level of P < 0.05 was considered
significant. All statistics were performed with SPSS (version
11.0; Chicago, IL).

Results

The 6000-m rowing ergometer mean performance time
was 19 mins 52 secs (1192.1 = 16.4 secs), with a mean
power of 357.3 = 14.3 W. The test was performed at 81%
of Voomax, with an estimated energy expenditure of
approximately 400 kcal during the test. Plasma volume
was not significantly changed immediately after exercise
(1.1% = 2.6%) or after the first 30 mins of recovery (0.7%
* 1.3%). No relationships were observed between basal
ghrelin concentration and the measured body composition,
physical performance, or blood biochemical data (r < 0.47;
P > 0.05). Similarly, no relationships were observed
between basal leptin concentration and the measured body
composition, physical performance, or blood biochemical
data (r < 0.49; P > 0.05).

Ghrelin was significantly increased immediately after
the exercise (424.4%; P < 0.05) and was decreased during
the first 30 mins of recovery (—17.5%; P =0.093) compared
with the postexercise level (Fig. 1). Ghrelin concentration
was increased in six of eight rowers. There were no
relationships between plasma ghrelin and other measured
blood parameters after the exercise, nor were changes in
ghrelin related to changes in other measured blood
biochemical values after the exercise.

Plasma leptin was significantly decreased immediately
after the exercise (—15.8%; P < 0.05) and remained
significantly decreased after the first 30 mins of recovery
(Fig. 1). Absolute changes in leptin concentration (PRE vs.
POST) were significantly related to the absolute changes in

growth hormone values (r =—0.78; P =0.042). No changes
occurred in insulin concentrations with exercise (Table 2).
Growth hormone, IGF-1, and testosterone values were
significantly increased and then decreased to the pre-
exercise level immediately after the exercise and after the
first 30 mins of recovery, respectively. Cortisol and glucose
values were significantly increased immediately after the
exercise and remained significantly increased during the first
30 mins of recovery.

Discussion

The present study demonstrated a significant effects of
maximal short-term rowing ergometer exercise on ghrelin
and leptin concentrations in elite male rowers. In contrast,
previous studies that have investigated the effects of short-
term exercise (up to 45 mins) on ghrelin concentration have
demonstrated no changes in plasma ghrelin concentrations
after acute submaximal rowing (15), running (12, 14), or
cycling (11, 13), and maximal running (10) exercise in
healthy subjects. In our recent study, however, plasma
ghrelin concentrations almost approached significance after
the first 30 mins of recovery when the rowing exercise was
performed at an intensity slightly above the individual’s
anaerobic threshold (15). It could be suggested that the
absence of any significant change in plasma ghrelin found in
the previous short-term exercise studies may be due to the
limited negative energy balance during these exercise bouts
(22), study population (5), and/or the exercise protocol used
(16). Plasma ghrelin responses may differ from previous
short-term exercise studies that included more sedentary
subjects and/or exercise protocols using fewer muscle
groups (10-14) compared with our study design, which
used elite athletes capable of both greater intensity and use
of more muscle groups during ergometer rowing (17). In
addition, the sustained anaerobic nature of the rowing
exercise in our study resulted in a greater energy
expenditure and may have contributed to the significant
increases in ghrelin concentration immediately after the
acute exercise (16). In support of our findings, a 3-hr aerobic
exercise at 50% of maximal aerobic power caused a
negative energy balance that resulted in a significant
increase in ghrelin concentration (5). In addition, a 1-hr
strenous exercise in rats caused a significant increase in
plasma ghrelin concentration (23). Previous short-term
rowing exercise studies also have demonstrated significant
reductions in leptin concentration after the exercise (16, 19).
Accordingly, the results of the present investigation
demonstrate that peripheral markers of negative energy
balance, such as ghrelin and leptin, could be regarded as
signals for metabolic reaction to the energy needs of the
organism during physical exercise.

The main finding of the present investigation was a
mean ~x24% (P < 0.05) increase in plasma ghrelin
concentration immediately after the maximal 6000-m
rowing ergometer test (mean performance time: 19 mins
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Figure 1. Mean = SD values in ghrelin and leptin concentrations during a maximal 6000-m rowing ergometer test in elite male rowers (n=8).

*Significantly different from PRE; P < 0.05.

52 secs) in elite male rowers. In addition to ghrelin,
significant increases in growth hormone values after the
maximal exercise were observed (Table 2). The neuro-
transmitters participating in the control of exercise-induced
growth hormone release remain uncertain, but the final
common pathway is assumed to involve either the
stimulation of hypothalamic growth hormone—releasing

hormone and/or inhibition in the release of somatostatin
(1, 11). In addition, ghrelin has been demonstrated to
strongly stimulate growth hormone release during condi-
tions of acute or chronic perturbations in energy balance,
such as the postprandial phase, obesity, and/or anorexia
nervosa, but not during acute energy expenditure (1, 11).
The findings of the present investigation demonstrated that

Table 2. Mean * SD Blood Biochemical Parameters During a Maximal 6000-m Rowing Ergometer Test in Elite
Male Rowers (n=8)

Variable PRE POST POST-30
Insulin (ul/U/ml) 13.1 + 10.7 10.4 = 5.4 17.8 = 10.5
Growth hormone (ul/U/ml) 09 +0.6 721 = 9.5* 31.9 = 13.6***
IGF-1 (ug/l) 237.7 + 83.9 268.3 + 91.7* 246.5 + 79.4**
Testosterone (ng/ml) 20.3 = 5.7 33.2 = 5.9* 23.7 = 4.0**
Cortisol (ng/ml) 356.7 £ 112.2 516.2 = 125.3* 589.7 = 80.5*
Glucose (mM) 42 + 0.6 7.3 = 2.6* 6.0 = 1.4*

* Significantly different from PRE; P < 0.05; ** Significantly different from POST; P < 0.05.
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exercise-induced increase in ghrelin concentration was not
related to growth hormone values after maximal ergometer
rowing in elite male rowers, which is in agreement with the
results of previous studies (11, 13-15). However, ghrelin
concentration was significantly increased in six of eight
subjects, suggesting that circulating ghrelin may still play an
important role in energy expenditure during relatively short-
term acute exercise.

Growth hormone has been demonstrated to respond to
different exercise modalities in subjects with different
performance levels (10, 11, 13, 16, 17, 19), and it has been
suggested that exercise intensity predicts growth hormone
secretion in a linear dose-response manner (24). The
exercise-induced increases in growth hormone as well as
in IGF-1 and cortisol concentrations were higher compared
with other acute exercise studies (5, 10, 11). If we assume
that the energy balance drives the hormonal response, it is
conceivable that the measured hormone profile is related
mainly to the exercise-induced energy expenditure (5). This
further demonstrates that the energy expenditure during this
exercise session was higher compared with previous studies
investigating ghrelin response to acute exercise session (5,
10, 11). In addition, resting plasma ghrelin concentrations in
our elite male rowers (560.1 * 144.1 pg/ml) were markedly
lower compared with healthy subjects (10). This may have
influenced the exercise-induced rise in ghrelin concentra-
tion.

The resting and postexercise values of leptin, growth
hormone, IGF-1, insulin, and glucose concentrations were
similar to those in our previously published investigations
with highly trained rowers (15, 16, 18). Another finding
similar to those in other recently published investigations
(15, 25) was that ghrelin concentration was not related to
leptin in elite male rowers. However, Shintani et al. (7)
postulated that ghrelin and leptin share the hypothalamic
NPY/Y1 receptor pathway, whereas Briining et al. (26)
suggested that leptin and insulin depress the activity of
excitatory neurons in lateral hypothalamus and affect energy
expenditure, body mass control, and sympathetic activity. In
addition, leptin may have a role in the control of growth
hormone release (8, 9). In accordance with this, changes in
leptin concentration were significantly related to changes in
growth hormone values as a result of maximal ergometer
exercise in elite male rowers (r = —0.78; P = 0.042).
Together, these findings suggest that ghrelin and leptin can
be considered as an interface between energy intake and
expenditure, the main function being to regulate metabolism
together in order to respond adequately to the energy needs
of the organism (5).

This study has some limitations. A nonexercise control
trial was not performed. In addition, this study examined
ghrelin responses to maximal rowing exercise in postpran-
dial conditions in rowers. It is possible that a nutrition-
induced decrease in ghrelin concentration may have
influenced a possible exercise-induced effect. Therefore, it
may be difficult to separate the effects of the exercise itself

and the pre-exercise snack. Consequently, the current results
have to be interpreted with caution. However, previous
research has demonstrated that ghrelin concentration
reaches nadir approximately 1 hr after meal, and changes
in ghrelin concentration are smaller after meal than after
overnight fasting in healthy subjects (27). In addition, it is
possible that a fasting-induced elevation of ghrelin may
mask an exercise-induced effect (10). To date, the influence
of acute exercise on ghrelin concentration has been studied
in fasting (10) and postprandial (5, 11, 13, 15) conditions.
Since the exact effect of either caloric intake or restriction
on acute exercise-induced responses of ghrelin concen-
trations is currently not known, we used a condition of 2 hrs
postprandial in the present investigation; a condition similar
to the study of Kallio et al. (13). Clearly, this issue warrants
further investigation.

In conclusion, this study demonstrates that acute
negative energy balance induced by maximal short-term
exercise elicits a metabolic response with changes in ghrelin
and leptin concentrations to opposite directions.
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