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Abstract

Background Thyroid hormone responses to acute maximal aerobic exercise is still unclear, so the aim of the study is to

and Study Aim  investigate the effect of acute maximal aerobic exercise resulting in fatigue on blood thyroid levels in men
and women.

Material and The study included 8 male and 7 female subjects who did not actively exercise. Both group participants

Methods were students in the Kastamonu University in the period of study. The heights, weights, resting hearth
rates and 5 cc. venous blood samples of subjects were taken before the exercise. The subjects warmed up
for ten minutes before they had 20 m shuttle run. The purpose of this test was to tire the subjects to the
exhaustion.The heart rate were measured at the end of the test in order to determine the exhaustion levels
of the participants. The 5 cc. venous blood samples were taken again just after the exhaustion exercise.
Statistical analysis was carried out using Statistical Package for the Social Sciences (SPSS) 23 program (SPSS
Inc. Chicago. II. USA). P value was set at p<0.05.

Results When results were compared between both sexes, no significant difference was found among variables
(p>0.05). There was significant change in TSH values in all group. They increased following the exercise
compared to pre-exercise values. Moreover, total T3 decreased in all group. No other significant difference
was found in free T3 and free T4 variables.

Conclusions In conclusion, thyroid responses to exercise emerge in a very complex way, which makes it difficult to
reach a clear conclusion about its effects. The reason why the results are so contradictory is that the
duration and intensity of the exercise, age, not being able to control the diet, and the timing of collection
of blood samples after exercise.
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Introduction

It is a well-known fact that exercise affects many
glands and the hormones they secrete. One of these
affected hormones is thyroid [1]. Thyroid stimulating
hormone (TSH) secreted from the pituitary gland is
responsible for keeping the basal thyroid levels in the
circulation constant by increasing or decreasing the
release levels [2]. Thyrotropin releasing hormone (TRH)
release from the hypothalamus stimulates the release of
TSH from the anterior pituitary gland, which affects the
release of triiodothyronine (T3) and thyroxine (T4) [3].
The major thyroid hormones T4 and T3 are critical for
normal physiological functions throughout life. This is
especially true for T3, the biologically active form of
thyroid hormones [4]. These hormones have important
effects on growth and development, temperature
regulation, oxygen consumption [5], energy metabolism,
carbohydrate metabolism and cardiac functions [2].

Some hormonal adjustments are required to balance
the physical stress caused by exercise and its effects.
Although there are studies in the literature that vigorous
exercise causes an increase in T3 and T4 levels [6], the
results are controversial and it is thought to be variable
according to the duration and intensity of the exercise
[7], ambient temperature and training status [8]. It is also
known that thyroid hormones increase basal metabolic
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rate, protein synthesis and the effect of catecholamines.
However, responses of thyroid hormones to different
types of exercise are not clear. There are studies showing
that aerobic exercise increases T3 and T4 depending on
the intensity [9] However, studies showing that thyroid
hormones do not increase acutely during exercise are
also presented in the literature. It has been revealed that
thyroid hormones exhibit inconsistent changes during
long-term exercise periods [10]. The role of thyroid
hormones during resistance training is unclear, but there
are studies on their interactions with other hormones.
Studies on moderately trained individuals and highly
trained rowers have reported that T4 hormone, fT4 (free
thyroxin in plasma) [11] and fT3 (free triiodothyronine
in plasma) and TSH [12] levels significantly decreased in
resting state.

In the light of abovementioned information, the aim
of the study is to investigate the effect of acute maximal
aerobic exercise resulting in fatigue on blood thyroid
levels in men and women.

Materials and Methods

Participants

The study included 8 male and 7 female subjects
who did not actively exercise. Both group participants
were students in the Kastamonu University in the period
of study. The mean age of the subjects was 21.16 + 1.49
years, average antropometric measurements are as follows
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(Table 1) height of 173.62 + 3.87 cm, weight of 69.97
+ 7.32 kg. All subjects were informed about the purpose
and procedures of the study. For the standardize dietary,
subjects were asked to obey dietitians advisement before
exercise 3 days ago.

Research Design

The heights, weights, resting hearth rates and 5 cc.
venous blood samples of subjects were taken before the
exercise. The subjects warmed up for ten minutes before
they had 20 m shuttle run. The purpose of this test was
to tire the subjects to the exhaustion. The criterion to end
the exercise was that subjects classified rate of perceived
exertion at least 18 according to Borg scale [13]. The
heart rate were measured at the end of the test in order to
determine the exhaustion levels of the participants. The 5
cc. venous blood samples were taken again just after the
exhaustion exercise.

Statistical Analysis

Mean values, standard deviation and 95% confidence

intervals of the variables were calculated. Normality of
the variables were validated using the Shapiro-Wilk test.
Paired sample T-test was used to examine within-group
changes while Independent Sample T-test was used to
compare genders. Statistical analysis was carried out
using Statistical Package for the Social Sciences (SPSS)
23 program (SPSS Inc. Chicago. II. USA). P value was
set at p<0.05.

Results

Mean values, standard deviation and 95% confidence
intervals of the variables are presented in Table 2. When
results were compared between both sexes, no significant
difference was found among variables (p>0.05). There
was significant change in TSH values in all group. They
increased following the exercise compared to pre-exercise
values. Moreover, total T3 decreased in all group. No
other significant difference was found in free T3 and free
T4 variables.

Table 1. Some of physical and physiological parameters of the participants

Parameters N Mean (X)
Age (year) 15 21.16+1.49
Height (cm) 15 173.62+3.87
Body Weight (kg) 15 69.97+7.32
Resting Hearth Rate(beat/min.) 15 77.1617.36
Max VO, (mL.kg/min) 15 35.42+4.26
Table 2. Changes in variables pre and post training
Variables MeantSD t p
1st TSH (ulU/ml) 1.46+0.43
-6.011 0.000*
2nd TSH (ulU/ml) 2.00£0.71
1st FREE T3 (pmol/I) 5.37+0.44
1.093 0.292
2nd FREE T3 (pmol/l) 5.28+0.40
1st FREE T4 (ng/dl) 1.34+0.20
1.345 0.199
2nd FREE T4 (ng/dl) 1.3140.21
1st TOTAL T3 (nmol/l) 114.11+21.69
2.474 0.026*
2nd TOTAL T3 (nmol/I) 106.50%+19.74
1st TOTAL T4 (ng/dl) 9.01+1.27
-1.812 0.090
2nd TOTAL T4 (ng/dl) 9.42+1.27

Note: * - p<0.05; TSH - thyroid stimulating hormone; FREE T3 - free triiodothyronine in plasma; FREE T4 - free thyroxin

in plasma; T3 - triiodothyronine; T4 — thyroxine.
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Discussion

Thyroid hormones play an important role in meeting
the metabolic needs that increase with exercise, and these
hormonal changes can be observed immediately after
exercise and in the following hours [7]. When the results
of our study were examined, no significant difference was
found between genders in the parameters tested (p> 0.05).
In statistical analysis conducted regardless of gender
difference, it was observed that the increase in TSH
hormone and the decrease in the Total T3 parameter were
significant (p<0.05), but the difference in other parameters
was not statistically significant (Table 2),

Considering the studies conducted on the effects of
exercise on thyroid parameters in the literature, it is seen
that it is very difficult to collect the results into a single
point which are thought to differ due to the variability
of external factors, For this reason, there are studies that
support the results in the literature as we have obtained,
as well as studies in the opposite direction. In the study
conducted by Sullo et al. it was found that strenuous
swimming exercise caused an increase in serum TSH
levels and significant decreases in Total T3 and Total T4
in rats [14]. In the study conducted by Galbo et al on 8
men, the thyroid responses to exercises with gradually
increasing workloads (47%, 77%, and 100% of MaxVO2)
and to exercise up to prolonged fatigue were examined. As
aresult, significant increases in TSH levels were observed
(P <0.001), but no significant difference was found in T3
and T4 levels [15]. In the study by Kilic et al., in which
they examined the effects of exhausting cycling exercise
performed on 10 sedentary men on thyroid and testosterone
hormones, they reported significant decreases in total
T3, total T4 and free T3 levels after exercise (p <0.01).
However, they did not detect a significant difference
between TSH and free T4 [16]. In the study conducted by
Bosco et al. on 16 men who are professionally engaged in
sports, it was found that there was a significant increase of
20% for TSH, 28% for free T3 and 30% for free T4 after
the exhausting Bosco test of 60 seconds (p <0.05) [17]. In
the study conducted by Huang et al., 26 healthy men were
subjected to Bruce protocol with treadmill and examined
the thyroid responses that emerged immediately after
and after maximal exercise. As a result, they stated that
the change in T3 and T4 parameters was not statistically
significant, but the increase in TSH level was significant
(p <0.01) [18]. Ciloglu et al. investigated the effects of
exercise intensity on thyroid hormones and found that
high intensity acute aerobic exercise with 90% of the
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maximum number of heartbeats caused higher TSH
responses compared to 45% of the maximum number
of heartbeats. However, significant reductions were also
detected in total and free T3 levels [1]. In another study
by Beyleroglu, in which thyroid responses emerging
after acute aerobic exercise were examined, it was found
that TSH and fT3 levels were found to be significantly
decreased, but no change was observed in the fT3
level [19]. Sowers et al. reported that exercise-induced
glucocorticoid increases may be a factor that stimulates
TSH increase and T3 decrease [20]. Moore et al. are
known to suppress thyroid functions of glucocorticoids
such as cortisol. As a matter of fact, in their research, they
examined the relationship between cortisol and thyroid
hormones in strenuous exercises; they found a significant
increase in TSH and fT3 levels right after running with
about 75% of Max VO2, which continued until fatigue
was reached [21]. In another study by Hesse et al., the
thyroid responses to three different running distances
(75 km, 45 km, 42.2 km) were examined. They found an
increase in T4 in 75 km. and 42.2 km. groups while they
found a decrease in T4 level in 45 km. group. Likewise,
while a decrease in T3 level in 45 km. group was observed,
an increase was observed in the other groups [22].

As in the studies mentioned above, there are many
studies in the literature that mention the positive effect of
exercise on TSH [23, 24, 25, 26, 27]. However, there are
studies indicating that there is a decrease in TSH level or
that the change cannot be detected [16, 28, 29, 30, 31, 32].
As in the different results observed in the TSH parameter,
there are studies that mentioned decrease in T3 level [16,
27, 32] and increase in reverse [10, 31].

Conclusions

In conclusion, thyroid responses to exercise emerge
in a very complex way, which makes it difficult to reach
a clear conclusion about its effects. The reason why
the results are so contradictory is that the duration and
intensity of the exercise, age, not being able to control the
diet and the blood samples after exercise.
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