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Abstract. Objective The aim of this study was to establish the effects and duration
of regular exercise on the menstrual pattern and the early follicular hormonal
parameters in young sportswomen. Methods: The study included a total of 94
female students from the Firat University made up of 30 sedentary living, 32
involved in active sports for equal or less than 5 years and another 32 involved in
sports for over 5 years. Group 1 was composed of 30 girls while Group 2 and
Group 3 each containing 32 sportswomen involved in active sports for equal or
less than 5 years and over 5 years, respectively. Results: The levels of (free)fT3,
fT4, fT3, fT4, TSH, PRL, follicle stimulating hormone (FSH) and Luteinizing
hormone (FSH) levels in the sera of the subjects were determined by the
chemiluminiscence. The thyroid stimulating hormone values of the subjects was
found to be higher in the sedentary group than that in the sportswomen groups,
while the PRL, (totally) tT 3 and tT4 levels was below that in both sportswomen
groups. The difference was statistically significant (p<0.01). Conclusions: We
concluded that whereas regular but moderate level exercise does not affect serum
gonadotropin and free thyroid hormone levels, and don’t cause a disturbance on
menstrual cycle pattern, it may lead an increase in serum PRL and total thyroid
hormone levels.
(Biol.Sport 24:157-165, 2007)
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Introduction
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Regular aerobic physical activity increases exercise capacity and plays a role in
both the primary and secondary protection of cardiovascular diseases [3,15]. In
addition to the cardiovascular diseases, exercise also increases the functional
capacity in healthy individuals and reduces the oxygen requirement of the
myocardium at any given physical activity level. Exercise also in addition to the
control of lipid abnormalities, diabetes and obesity, has a small blood pressure
lowering effect in some hypertensive groups [14]. Physical inactivity, apart from
being a risk factor in the genesis of cardiac diseases (Coronary Heart Disease) is
closely related to cardiovascular mortality [16].
These effects of exercise are accomplished through changes in both the
endocrine and the metabolic parameters. Several metabolic events resulting from
regular exercising in women have been studied. Severe exercise in sportswomen
has been reported to lead to menstrual irregularities, delay in the menstrual interval
(oligomenorhea) and even amenorrhea [8], however no complete consensus has
been reached on this subject [22].
Thyroid hormones by increasing the oxygen consumption of the cells in the
body tissues serve to regulate the carbohydrate and lipid metabolism. Among the
most important hormones are free Triidothyronine (fT3), free Thyroxine (fT4),
Total T4 (tT4) and total T3 (tT3). Under exercise the increase in the secretion of T4
and T3 serves as the regulator of the energy balance. For this reason, the thyroid
hormones show an increase under sustained, severe exercise [24]. The thyroid
stimulating hormone (TSH) and the adrenocorticotropic hormone (ACTH) both
regulators of thyroid gland function are also hormones whose levels show an
increase under sustained and severe exercise [9]. Another hormone showing an
increase due to exercise is prolactin (PRL). High PRL levels are known to lead to
menstrual irregularities in women [23].
Despite the fact that the hormones mentioned above have been studied during
exercise, nothing is known about the nature of the hormonal changes that take
place under regular exercise and the relationship between regular exercise and the
serum hormonal changes in the early follicular period of the menstrual cycle in
women.
In the light of the information presented above, this study was conducted with
the aim of establishing the effects of regular exercise on the pattern of the
menstrual cycle and the hormonal parameters of the early follicular phase in young
women.
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Materials and Methods
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A total of 94 female students from the Firat University without history of
endocrine, metabolic or chronic disease, and non-smoking, 30 of whom were
leading sedentary lives and 32 each of the remaining engaged in active sports for a
period of equal or less than 5 years and over 5 years. The 30 students leading
sedentary lives (Students from the Health Academy) formed Group 1 while Groups
2 and 3 each composed of 32 students from the Physical Education Academy
engaged in active sports for five years and over 5 years respectively. The subjects
from the sporting groups were entirely engaged in basketball, volleyball, and
handball with none involved in sports requiring any long intensive effort (like
marathon).
The VO2 max. consumption of the subjects was estimated by the Shuttle Run
Test. All the subjects were made to run on a 20 m. race course at a speed of 8
km/hr. To determine the racing speed a tape measure appropriate to the protocol
was used. The racing speed was increased by 0.5 km/hr every min. The test was
continued when the subject readjusted to the next rhythm even after missing the
previous signal. The phase at which the subject was stopped was recorded as the
test result for the subject. The VO2 max. value was expressed as ml/kg/min
[11,17,18].
After determination of the resting heart beat rate (HR) of the subjects 5 ml
blood samples were drawn from the subjects in the early follicular phase. The
samples were centrifuged at 2500 rpm for 10 min and the sera separated. In the sera
the sT3, sT4, tT3, tT4, TSH, PRL and the Gonadotropin hormones, Follicle
stimulating hormone (FSH) and Luteinizing hormone (LH) levels determined by
the chemiluminiscence method in an IMMULYTE (DPC, Diagnostic Product
Corporations, Los Angeles USA) hormone analyzer. Information about menstrual
pattern was recorded as declared by the subjects through questioning.
The data were expressed as average ±SD. For the statistical evaluation the one
way Analysis of variance (ANOVA) was used and p<0.05 values determined by
the Tukey HSD test. p<0.05 was considered statistically significant. All statistical
analysis was done with the SPSS 10.0 program kit.
While the TSH of the groups was found to be higher in the sedentary subjects
than in the sporting subjects, that of the PRL, tT3 and tT4 levels were lower than in
both sporting groups. The difference was statistically significant (p<0.01)

Electronic PDF security powered by www.IndexCopernicus.com

R. Özmerdivenli et al.

160
Biol.Sport 24(2), 2007

Results
The demographic and physical properties of the subjects are shown in Table 1.
The groups did not different in terms of average age and height (p>0.05). Groups 2
and 3 weighed lower, and they had lower resting HR and higher max. VO2 values
than Group 1 (p<0.05). The duration of sporting age was significantly higher in
group 3 than in group 2 (p<0.05).
Table 1
The demographic and physical properties of the subjects (average ±SD)
n=94
Group 1 (n=30)
Age (years)
21.90±1.79
Height (cm)
1.66±3.46
Weight (kg)
64.30±3.46a
Sporting age (years)
Resting HR
75.33±5.27a
Max VO2 (ml/kg/min)
35.74±2.51a

Group 2 (n=32)
20.20±2.68
1.68±2.45
59.64±3.54
3.10±1.76b
63.78±3.81
46.16±3.25

Group 3 (n=32)
23.14±3.07
1.69±3.34
57.87±4.11
7.72±2.16
59.92±4.21
51.85±4.55

a: p<0.05, group 1 vs. group 2 and 3; b: p<0.05, group 2 vs. group 3
Table 2
Comparison of the hormonal parameters between Groups 1, 2 and 3

sT3
(ng/dL)
sT4
(ng/dL)
tT3
(ng/dL)
tT4
(ng/dL)
TSH
(uIU/mL)
PRL
(ng/mL)
FSH (mIU/mL)
LH
(mIU/mL)
Estradiol (pg/mL)
ACTH (pg/mL)

Group 1 (n=30)
3.8±0.5
1.3±0.2
7.5±0.8a
184.9±11.0b
1.9±0.6c
5.4±1.3d
6.2±1.7
5.2±1.4
38.5±15.8
42.08±6.11

Group 2 (n=32)
4.0±0.5
1.3±0.1
9.1±1
198.8±10.0
1.5±0.3
7.2±2.4
6.6±2.1
5.1±8.7
36.3±13.7
40.67±8.13

Group 3(n=32)
5.1±0.7
1.6±0.4
10.8±1.4
218.8±13.0
1.4±0.4
8.6±2.6
6.5±2.5
6.4±6.3
40.9±14.0
37.20±10.20

-

-

-

-

-

a: p<0.003, Group 1 vs. Group 2 and 3; b: p<0.001, Group 1 vs. Groups 2 and 3
c: p<0.001, Group 1 vs. Group 2 and 3; d: p<0.001, Group 1 vs. Group 2 and 3

Electronic PDF security powered by www.IndexCopernicus.com

The effect of regular exercise on the menstrual cycle

161
Biol.Sport 24(2), 2007

The TSH in the sedentary group was higher than that in the sporting groups
while that of the PRL, tT3 and tT4 levels were found to be lower. The difference
between them was statistically significant (p<0.01). In the comparison of the
sporting groups, despite the differences in the levels, they failed to reach statistical
significance (p>0.05), (Table 2).
Discussion

-

-

-

-

-

This study was designed with the aim of establishing the effects of the duration
of regular exercise on the menstrual cycle pattern and hormonal parameters in
women
In questioning the subjects about the menstruation pattern no single subjected
admitted to having oligomenorrhea, amenorrhea or any complaints related to
menstrual irregularity. It has been reported that especially during vigorous physical
activity, in addition to the release of ACTH from the hypothalamus under the effect
of CRH, the opiod peptides also release and lead irregular release of gonadotropin
releasing hormone (GnRH) which in turn affects the functioning of the
hypothalamo – hypophysial – ovarian arc leading ultimately to irregular menses, an
effect reported especially in marathon runners [7,9]. The fact that none of our
subjects engaged in active sports had irregular menses could have been due to the
fact that they did not engage in vigorous exercise. Similar to our findings, it has
been reported that regular but mild or moderate intensity exercise did not
negatively affect the menstruation pattern [22]. The menstrual pattern disturbing
effect of the vigorous exercise mentioned above does not appear in the regular but
mild or moderate intensity exercise as in our subjects. The hypothalamo –
hypophysial – ovarian arc is either affected to a limited degree or not at all only
even after prolonged periods of mild or moderate exercise.
In studies assessing the effect of hemoglobin concentration on the maximum O2
consumption capacity (VO2 max) [2,19], acute exercise has been reported to
decrease the hemoglobin concentration in men, leading to a fall in the VO2 max.
accompanying the reduced oxygen carrying capacity [13]. It is possible to observe
similar relationship between regular exercise and the intensity of the training. The
intensity of training is at the same time considered a percentage of the VO2 max.
Another marker of training severity is the resting HR. During exercise the VO 2
max and HR both increases. At rest, however, this relationship is reversed, with
higher VO2 max. and lower HR depending on the level of exercise in the sporting
group than in the sedentary group [4,13]. The VO2 max and HR observed in our
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study groups agrees with that in the literature. Regular exercise leads to an increase
in VO2 max. and a decrease in HR.
Production of adequate amounts of thyroid hormone depends on adequate
intake of elemental iodine in the diet. However, exercise has been shown to have
an affect on the thyroid hormones with physical activity increasing both the
secretion and the catabolism of T4 [5]. In general, thyroid hormones have
increasing effects on the metabolic rate, oxygen consumption, and heat production.
In this study, the levels of serum tT3 and tT4 was found to be higher in both
sporting groups than in the sedentary group independent of the sporting age while
the TSH level was found to be lower. The high thyroid hormone levels in the
sporting women can be explained by the effect of catecholamine release and the
increased fatty acid oxidation during sub maximal exercise [24]. The lack of
change in fT3 and fT4 levels in circulation to exercise is in agreement with the
production and release of the thyroid hormones. No matter the severity or duration
of exercise, as a result of increased metabolism, the organism is able to increase the
thyroid hormone levels in circulation to the required levels. However, immediately
following exercise, this increase returns to normal to prevent increased metabolic
state from continuing after exercise [5]. The increased circulatory tT3 and tT4
levels and the decreased TSH in sporting individuals are thought to result from the
adaptation after exercise. The cause of the decreased TSH has been reported to be
the result of decreased stimuli from the hypothalamus and hypophysis, which is
thought to be a way of preserving energy in sporting women [1,4].
PRL, secreted from the lactotrophic cells of the anterior lobe of the hypophysis
is a hormone which stimulates milk production in the breast. The increase in PRL
level during exercise is reported in current literature [20]. The high levels of PRL
observed in our study was thought to be the result of the relatively short intervals
between training sessions in our subjects. To reduce the serum PRL requires long
periods like 3 – 4 weeks. The interval between training sessions in our sporting
groups did not exceed one week. We believe this period was not enough for the
PRL levels to return to normal. Although the PRL level was higher in the sporting
individuals than that in the sedentary individuals the average values were below 20
ng/mL. PRL levels above this value may lead to galactorrhea and menstrual
irregularities. We can infer therefore that in women performing moderately intense
exercise an increase in serum PRL occurs but remains within the physiological
limits.
In this study, the early follicular serum FSH, LH and estradiol levels in the
sporting women did not show any differences with the sedentary group. Different
results have been reported from studies investigating the effect of exercise on the
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serum gonadotropins. Whereas some investigators report increased gonadotropin
levels after exercise [20] others report that it is increased only in women having
irregular menses without any effect on women experiencing regular menses [12].
Though the serum levels of these hormones change after vigorous exercise like
marathon running no changes has been reported in moderate degree activities like
in the water sports [6]. Considering the fact that sporting subjects in this study were
all subjected to moderate intensity exercise without any resulting menstrual
irregularity, it can be said to agree with those of similar studies [6,10]. We are of
the opinion that regularly performed moderate exercise affects the gonadotropins
but does not lead to menstrual disturbances.
ACTH, a hormone responsible for the secretion of hormones from the Adrenal
or suprarenal gland increases the release of glucocorticoids and mineralocorticoids.
Beta endorphins which increases together with the elevated ACTH through
suppression of gonadotropins especially in women engaged in vigorous exercise
like marathon running can lead to menstrual disturbances [18,21,24]. Similar to our
findings, it has been reported that moderate intensity exercise does not lead to
menstrual disturbance in women [22].
In conclusion, we believe that regularly performed non-vigorous exercise does
not affect the gonadotropic hormones of the anterior hypophysis and the free
thyroid hormones, but increases the PRL and the total thyroid hormone levels
without any effect on the menstrual pattern.
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