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Abstract The effect of magnesium on thyroid hormones of sedentars and sportsperson in 
Tae-Kwon-Do, has been investigated in a 4-weeks training program.
Group 1 consisted of sedentars receiving 10 mg/kg/day mg for 4 weeks. Group 2 
consisted of subjects receiving magnesium (mg) supplement and practicing Tae-
Kwon-Do for 90–120 min/day, for five days a week. Group 3 consisted of subjects 
practicing Tae-Kwon-Do but receiving mg supplements.
TSH levels increased with training and mg supplementation (p<0.05). mg increased 
FT3 values. (p<0.05). TT3 values of groups reduced in all groups (p<005). After sup-
plementation, group 1 had higher TT4 values than groups 1 and 3 and the group 2 
had higher TT4 values than the third group (p<005).
Results of this research show that training until exhaustion causes reduction in 
thyroid hormone activity in sedentars and sportsperson. It has been established 
that mg supplementation however, prevents reduction in thyroid hormone activity 
in sedentars and sportsperson.

InTroDuCTIon

Exercising changes homeostasis by creating 
stress. Autonomic nervous system and hypo-
thalamus-pituitary-adrenal-axis jointly form a 
protection system to ensure physical and homeo-
stasis coherence by participating in the reaction 
(mastorakos and Pavlatou, 2005). During exercise, 
physiological and psychological systems combined 
together in order to determine the intake of energy. 

Leptin and stokins affect cortisol, and growth and 
thyroid hormone secretions (Hackney et al.2003; 
mcmurray and Huckney, 2005). many studies, 
which investigate the relation between exercise and 
hormones, present different results (Duma et al. 
1998; Huang et al. 2004; Rosolowska-Huszcz, 1998). 
It was reported that treadmill exercise had increased 
thyroid hormones activity during post exercise 
period (Huang et al., 2004). Similarly, in a research 
on professional footballers, it was determined that 
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training increased thyroid hormones activity (Bosco et 
al., 1996).

magnesium is an important cofactor for many en-
zymes, required in several biochemical events and for 
energy metabolism (Lukaski et al., 1983; Lukaski and 
Nielsen, 2002). It has been suggested that there is a posi-
tive correlation between magnesium levels and the physi-
cal performance (mastorakos and Pavlatou, 2005; Bohl 
and Volpe, 2002). Through high-energy diets, athletes 
usually receive sufficient essential minerals including 
magnesium. This is not the case with subjects under a 
diet restricted or reduced to maintain or limit their body 
weight, which might be the cause of insufficient magne-
sium intake leading to decreased physical performance 
(Keen et al., 1987; Keen et al., 1987; Viru et al., 1998). At 
the same time, magnesium affects the serum concentra-
tion of thyroid hormones by regulating hepatic type 5’ 
deiodinated (5’D-I) activity (Eder et al., 1996). 

In this study, the effect of supplementation of mag-
nesium on the action of thyroid hormones of sedentars 
and sportsperson practicing Tae-Kwon-Do has been 
investigated.

MATerIAls AnD MeThoDs

Subjects
Thirty healthy subjects of ages between 18–22 years 

voluntarily participated in the study. Before the start of 
the research protocol, all the participants gave their con-
sent for participation after the purpose of the study had 
been explained to them. The participants were divided 
into three groups of ten subjects each, kept under distinct 
regimens for four weeks as follows: 

Group 1. Sedentars receiving 10 mg mg (as mag-
nesium sulfate) per kg body weight, per day. Group 2. 
Subjects received the mg supplement and practiced the 
Tae-Kwon-Do exercise for 90 – 120 min per day, for five 
days a week. Group 3. Subjects training as those in Group 
2, but without mg supplements.

Blood samples were drawn from all participants 
before and after the experimental period at rest and 
after exhaustion. Serum TSH, FT3, FT4, TT3 and TT4 
values were determined by standard clinical laboratory 
procedures. 

Exhaustion measurements
To create exhaustion, the participants underwent a 

20m shuttle run test prior to blood sampling. The test 
was performed at the Training and Sports Academy, 
Selcuk University. The test starts with a slow running 
speed (8 km/h) in which the subject runs on a 20m 
track following a signal. The subject should run to the 
end of the track and touch the finish line with one foot 
before the signal to return sounds again. The subject is 
allowed to continue the test if one signal is missed, but 
dismissed if he has difficulty in following the signal or if 
he is 3 meters far from the finish line in two consecutive 
cycles. At this point, the running speed is increased up to 

0.5 m/min. Every minute is counted as a grade point. The 
result of the test is the number of accumulated points, 
which is taken as the indicator of endurance. The dura-
tion of the test depends on the individual’s ability and 
strength (Zorba, 2001).

Analyses of hormones 
Two ml blood samples were drawn into EDTA tubes 

and used to determine the thyroid hormones activity 
at the medical Faculty Laboratory of Selcuk University. 
Free T3 (pg/ml) (Lot No: 519799), Free T4 (ng/dl) (Lot 
No: 521371), TSH (mikroünite/ml) (Lot No: 520005), 
Total T3 (ng/dl) (lot no: 515869), and Total T4 (µgr/dl) 
(Lot No:518030) levels were determined by using Ac-
cess Immunoassay system test kit in Unicel DXI 800 
otoanalyser. 

Statistics
The statistical analysis was performed with the 

SPSS statistical program. The results were expressed as 
mean ± SD. The Kruskal-Wallis analysis of variance was 
used for comparison between groups and the mann-
Whitney U-test was applied to those with p<0.05.

resulTs

TSH values for each study group are given in Table 1. 
When these values were compared between groups it was 
observed that before supplementation, relaxation and 
exhaustion values were not different. When parameters 
after supplementation were examined it was determined 
that TSH was higher in the training and exercise group 
during relaxation (p<0.05). In addition, following mg 
supplementation, exhaustion values in the second and the 
third groups were higher than in the first group (p<0.05). 
It was also established that values after exhaustion were 
higher than values during relaxation period in all groups 
(p<0.05).

FT3 values for each study group are given in Table 2. 
On evaluation, it was determined that exhaustion values 
reduced considerably than relaxation values before and 
after mg supplementation (p<0.05). An inter group com-
parison revealed that mg supplementation increased FT3 
value during relaxation and exhaustion periods (p<0.05). 
The highest increase was seen in the first group. When 
FT4 values were examined for the three groups, it was 
observed that exhaustion values (before and after supple-
mentation) were lower than relaxation values (Table 3, 
p<0.05). Examination of inter-group values inferred that 
mg supplementation had no effect on FT 4 levels. When 
TT3 levels between groups were compared a reduction 
was noticed due to exhaustion, for this parameter in all 
groups (Table 4, p<0.05). This increase in the values for 
the group supplemented with mg (Group 1) was the 
highest than in other groups (Table 4, p<0.05). 

TT4 values for each study group are given in Table 5. 
There were not any differences among groups before 
research. However, exhaustion values were found 
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considerably lower than relaxation values before supple-
mentation only in the second group (p<0.05). Exhaus-
tion values were found lower than relaxation values 
after supplementation in all groups (p<0.05). Following 
supplementation inter-group relaxation levels showed 
that the first group had a higher TT4 value than the 
second and the third groups and the second group had 
a higher TT4 value than the third group (p<0.05). The 
evaluation of exhaustion values after supplementation, 
though revealed the first group was at the highest level, 
did not find any differences in terms of statistics.

DIsCussIon

The results of this research were evaluated and it was 
determined that TSH levels increased with exercise and 
mg supplementation (p<0.05). Similarly, it was seen 
that mg supplementation also increased FT3 value. 
When TT3 levels were compared it was determined 
that in all groups, exhaustion caused reduction within 
this parameter (p<0.05) TT4 values increased with mg 

supplementation (p<0.05) Exercise affected homeostasis 
by creating stress, which plays a role in the development 
of physical fitness and homeostasis by responding to 
nervous system and hypothalamus-hypophysis adrenal 
axel (mastorakos and Pavlatou, 2005). magnesium level 
must be maintained in the body up to a certain level to 
continue optimal physiologic functions essential for a 
healthy life. Work performance and energy metabolism 
in a steadfast way depends on the existence of certain 
amounts of magnesium (Golf et al., 1998). But, findings 
related to a better of performance by magnesium must 
be discussed (Clarkson, 1991). Different results were ob-
tained in studies carried out on this subject using varied 
parameters. Nevertheless during previous researches it 
was usually the effects of short intensive exercises on thy-
roid hormone activity which were investigated (Huang 
et al., 2004; Rosolowska-Huszcz, 1998). Researches that 
examine the effects of supplementation of magnesium 
with exercise were almost lacking. Earlier it was estab-
lished that insufficient mg affected marathon athletes’ 
performance. However, our 4-week long study supplying 
365 mg/day mg had no effects during 42 km of marathon 
race on athletes’ performance (Terblanche et al., 1992).

Physical activity has been associated to the reduction 
of response to pituitary–adrenal activity. Chronicle exer-
cise also affected thyroid axle. Thyroid hormones provide 
a condition similar to entropic condition as a response 
to chronicle exercise by decreasing thyroid hormones 
at periphery which was reported to cause oppression at 
T3 and increase at rT3 (Duma et al., 1998; mastorakos 
and Pavlatou, 2005). Our research showed a significant 
decrease in FT3 and TT3 values after exercise which cor-
responds to the results of aforementioned studies. It has 
been suggested that since T3 depends on 5’ deiodinated 
gene expression so oppression of the enzyme activity is 
the cause of this reduction (mastorakos and Pavlatou, 
2005). It was hypothesized that a one-week exercise could 
increase thyroid hormones activity, which can be associ-
ated with the response to cold having no effects on THS 
values but on T3, T4 values that increased due to vaso-
constriction (Castellani et al., 2002). A research reported 
that levels of TSH and FT4 did not change during exercise 
because of an important role of muscle methaboreseptors 
which is effective for hormonal control during muscle 
activity (Hackney et al., 2003). In another research it was 
investigated whether exercise affects thyroid hormones 
activity significantly. This study showed an increase in 
T3 and T4 values following exercise, which returned to 
normal values at exhaustion (mastorakos and Pavlatou, 
2005). In our research however, as in the preceding 
study, exercising to exhaustion did not affect TSH at a 
considerable pace. Evaluation of after supplementation 
values turned up with the increase of mg+ arising only 
from the supplementation of mg.

In a research on short supramaximal exercise it was 
found that there was increase in all thyroid hormones 
types (TSH, FT3, FT4, TT3 ve TT4) which may be condu-
cive to activation of hypophysis-thyroid by exhaustion. 

Table 1. TSH (µU/ml) at Rest and Exhaustion, Before* and After** 
Supplementation with Magnesium

Group 1 Group 2 Group 3

Rbs 1.45±0.91c 1.51±0.52c 1.45±0.65c

Ebs 1.92±0.32a 1.86±0.12ab 1.90±0.32a

Ras 1.59±0.21by 1.66±0.35abx 1.46±0.98cy

Eas 1.90±0.15ay 1.99±0.31ax 1.97±0.79ax

Rbs - Resting values before supplementation, Ebs - Exhaustion 
values before supplementation, Ras - Resting values after 
supplementation, Eas- Exhaustion values after supplementation
a Values at exhaustion higher than at rest (p<0.05)
x Group 2 values higher than groups 1 and 3 at Ras (p<0.05), 
x Group 2 and 3 higher than group 1 at Eas (p<0.05).
a, b, c; Different letters in the same column are important.
x, y, z; Different letters in the same line are important.

Table 2. FT3 (pg/ml) at Rest and Exhaustion, Before and After 
Supplementation with Magnesium

Group 1 Group 2 Group 3

Rbs 3.91±1.40a 3.95±1.52a 3.84±1.75a

Ebs 3.71±1.42b 3.64±1.16b 3.57±1.65ab

Ras 3.87±1.35ax 3.84±1.62ax 3.70±1.71aby

Eas 3.70±1.42bx 3.61±1.57bxy 3.50±1.38by

b Levels at Ebs lower than Rbs (p<0.05)
x Group 1 and 2 significantly higher than group 3 at Ras and Eas 
(p<0.05).
a, b, c; Different letters in the same column are important.
x, y, z; Different letters in the same line are important.
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In contrast to the preceding research our study showed 
that exhaustion caused oppression. We hypothesized that 
it might depend on the period of training and its style. 
Likewise, in another research it was established that dif-
ferent sports had different effects on thyroid hormones 
activation.

In a study on weight lifters, it was observed that 
exercise did not affect T3 but T4 values which increased 
after exercise (mcmurray and Hackney, 2005). In a 
study on swimmers, it was showed that exercise done 
at different temperatures caused different results. For 
example, at 20 °C TSH and FT4 values increased whereas 
they decreased at 32 °C and there is no change at 26 °C 
(Deligiannis et al.,1993). These temperature differences 
however, did not affect the T3 levels very much. Con-
trarily gymnastic women at intensive training program 
had reduced T3 values (Jahries et al., 1991).

In Sedentars, cycling exercise increased T3 value 
but did not affect T4 level. moreover, for sportsperson, 
10–15 km running did not affect T3 level but T4 level 
which was decreased. It was also observed that regular 
exercises increased T3 values (Limanova et al., 1983). 
Changes in the temperature of the environment and the 
body during exercises may affect these parameters in 
different ways.

In studies on test animals, exercises in hot weather 
decreased mg, T3 and T 4 levels of the body. On the other 
hand, completely opposite results were found for exer-
cises that were done during cold weather (Vezyraki et al., 
2000). Once again, this study showed that there was an 
inverse relation between mg and T3 levels. In an experi-
ment on rats, it was reported that exercise decreased T3 
and T4 values (Eder et al., 1996). In the same study, it was 
determined that hepatic 5’ deiodinated activity was not 
affected during exercises.

These studies showed that different exercise types 
and periods affected thyroid hormones activity in dif-
ferent ways. In addition, when we examined the existing 
literature, there was no study that had earlier examined 
the relation between exercise and mg supplementation. 
Our research showed that the 4-week exercise program 
and mg supplementation caused changes in thyroid hor-
mones activity. Especially, a decrease in their activity due 
to exhaustion was suppressed by mg supplementation, 
which is the most imported finding of our study.

REFERENcES

Bohl cH, Volpe SL (2002). Magnesium and exercise. Crit Rev Food 
Sci Nutr. 42: 533–563. 
Bosco c, Tihanyl J, Rivalta L, Parlato G, Tranquilli c, Pulvirenti G, et 
al (1996). Hormonal responses in strenuous jumping effort. Jpn J 
Physiol. 46: 93–98. 
castellani JW, Young AJ, Stulz DA, DeGroot DW, Blanchard LA, 
Staab JE, et al (2002). Pituitary-adrenal and pituitary-thyroid hor-
mone responses during exercise-cold exposure after 7 days of 
exhaustive exercise. Aviat Space Environ Med. 73: 544–550.
clarkson PM (1991). Minerals: exercise performance and supple-
mentation in athletes. J Sports Sci. 9: 91–116.

1 

2 

3 

4 

Deligiannis A, Karamouzis M, Kouidi E, Mougios V, Kallaras c 
(1993). Plasma TSH, T3, T4 and cortisol responses to swimming at 
varying water temperatures. Br J Sports Med. 27: 247–250.
Duma E, Orbai P, Derevenco P (1998).Blood levels of some elec-
trolytes and hormones during exercise in athletes. Rom J Physiol. 
35: 55–60.
Eder K, Kralik A, Kirchgessner M (1996). The effect of manganese 
supply on thyroid hormone metabolism in the offspring of man-
ganese-depleted dams. Biol Trace Elem Res. 55:137–45.
Golf SW, Bender S, Gruttner J (1998). On the Significance of Mag-
nesium in Extreme Physical Stress, cardiovasc. Drugs Ther. 12: 
197–202.

5 

6 

7 

8 

Table 3. FT4 Levels (ng/dl) at Rest and Exhaustion, Before and After 
Supplementation with Magnesium

Group 1 Group 2 Group 3

Rbs 1.64±0.75a 1.71±0.82a 1.68±0.65a

Ebs 1.48±0.69b 1.45±0.68b 1.53±0.79ab

Ras 1.63±0.88a 1.50±0.92b 1.58±0.91ab

Eas 1.41±0.74b 1.47±0.79b 1.44±0.87b

No significant differences between groups before and after 
supplementation.
b Levels at Ebs lower than Rbs (p<0.05)
a, b, c; Different letters in the same column are important.

Table 4. TT3 at (ng/dl) Rest and Exhaustion Before and After 
Supplementation with Magnesium

Group 1 Group 2 Group 3

Rbs 129.80±21.15a 130.60±24.18a 127.50±31.19a

Ebs 121.90±35.41b 122.90±31.14b 121.10±28.24b

Ras 131.70±27.15ax 123.50±29.10by 126.50±24.75ay

Eas 125.40±25.40abx 121.50±22.44by 120.10±29.86by

b Values at Exhaustion (Ebs) lower than at rest (p<0.05)
x Group 1 higher than groups 1 and 3 at Ras and Eas (p<0.05), 
a, b, c; Different letters in the same column are important.
x, y, z; Different letters in the same line are important.

Table 5. TT4 at (µg/dl) Rest and Exhaustion, Before and After 
Supplementation with Magnesium

Group 1 Group 2 Group 3

Rbs 8.50±2.32ab 8.29±3.72a 8.42±3.82a

Ebs 7.66±2.20b 7.53±2.98b 7.98±2.95a

Ras 8.85±2.10ax 8.21±3.65ay 7.97±3.07az

Eas 7.83±2.87b 7.72±3.05b 7.73±3.56b

b Values at exhaustion lower than at rest (Rbs) (p<0.05)
x Group 1 higher than groups 1 and 3 at Ras (p<0.05), 
y Group 2 higher than group 3 at Ras (p<0.05).



712 Copyright © 2007 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Vedat Cinar

Hackney Ac, McMurray RG, Judelson DA, Harrell JS (2003).Rela-
tionship between caloric intake, body composition, and physical 
activity to leptin, thyroid hormones, and cortisol in adolescents. 
Jpn J Physiol. 53: 475–479.
Huang WS, Yu MD, Lee MS, cheng cY, Yang SP, chin HM, et al 
(2004). Effect of treadmill exercise on circulating thyroid hor-
mone measurements. Med Princ Pract. 13: 15–19.
Jahreis G, Kauf E, Frohner G, Schmidt HE (1991).Influence of in-
tensive exercise on insulin-like growth factor I, thyroid and ste-
roid hormones in female gymnasts. Growth Regul. 1: 95–99. 
Keen cL, Lowney P, Gershwin ME, Hurley LS, Stem JS (1987). Di-
etary Magnesium Intake Influences Exercise capacity and Hema-
tological Parameters in Rats. Metabolism. 36: 788–793.
Limanova Z, Sonka J, Kratochvil O, Sonka K, Kanka J, Sprynarova 
S (1983). Effects of exercise on serum cortisol and thyroid hor-
mones. Exp Clin Endocrinol. 81: 308–314.
Lukaski Hc, Bolonchuk WW, Kelvay L, Milne DB, Sandstead HH 
(1983). Maximal Oxygen consumption as Related to Magnesium, 
copper and Zinc Nutriture. Am J Clin Nutr. 37: 407–415.
Lukaski Hc, Nielsen FH (2002). Dietary magnesium depletion af-
fects metabolic responses during sub maximal exercise in post-
menopausal women. J Nutr. 132: 930–935.

9 

10 

11 

12 

13 

14 

15 

Mastorakos G, Pavlatou M (2005). Exercise as a stress model and 
the interplay between the hypothalamus-pituitary-adrenal and 
the hypothalamus-pituitary-thyroid axes. Horm Metab Res. 37: 
577–584.
McMurray RG, Hackney Ac (2005).Interactions of metabolic hor-
mones, adipose tissue and exercise. Sports Med. 35: 393–412.
Rosolowska-Huszcz D (1998).The effect of exercise training in-
tensity on thyroid activity at rest. J Physiol Pharmacol. 49: 457–
466.
Terblanche S, Noakes TD, Dennis Sc, Marais D, Eckert M (1992). 
Failure of magnesium supplementation to influence marathon 
running performance or recovery in magnesium-replete sub-
jects. Int J Sport Nutr. 2: 154–164.
Vezyraki P, Kalfakakou V, Evangelou A (2000). Atrial natriuretic 
peptide and thyroid hormones’ relation to plasma and heart cal-
cium and magnesium concentrations of Wistar rats exposed to 
cold and hot ambients. Biol Trace Elem Res. 73: 163–173.
Viru M, Jansson E, Viru A, Sundberg cJ (1998).Effect of restricted 
blood flow on exercise-induced hormone changes in healthy 
men. Eur J Appl Physiol Occup Physiol. 77: 517–522.
Zorba E (2001). Physical Fitness. Gazi Texthouse, p; 245. Ankara.

16 

17 

18 

19 

20 

21 

22 


