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T 
he purposes of this study were to de
termine how strenuous, fatiguing run
ning exercise affects: 1) selective thy
roid hormones, and 2) the relationship 

of glucocorticoid responses to such exercise with 
thyrojd hormones. 
Materials and Method~: Well-trained sub jects 
(11 =12) performed a treadmill run at individual 
ventilatory threshold (74±8% of maximal aerobic 
capacity) until volitional fatigue (68.3±12.3 min). 
Blood samples were taken before exercise as a 
resting baseline (BO), at fatigue (FG), 90-minutes 
into recovery (90mR), a.nd 24-hoUIs into recovery 
(24hR). Blood was analyzed for free T3 (fT3), free 
T4 (ff4), thyroid-stimulating hormone (TSH), 
and cortisol. 
ResuJts: Significant increases in fT3 and TSH 
concentrations between BO and FG (ff3= 1.70 
p/Y'mL vs. 2.08 p/Y'mL; TSH=1.69 J1lU/ mL vs. 2.43 
JlIU/ mL, p<O.01) were observed, but by 24hR, 
significant decreases from 80 were present (fI'3 
and TSH=l.48 p/Y'mL and 1.20 Jll U/ ml, respec
tively; p<O.05). FG fT., demonsh'ated a non
significant increase from 80 (FG fI'4=1.84 n/Y'dL) 
but by 2411R fT4 was significantly lower than FC 
(24hR fT4=1.67 n/Y'dL, p<O.Ol). FG cortisol levels 
increased significantly from BO (476.1 to 843.9 
nmoljL, p <0.01) and remained elevated at 90mR 
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(892.2 nmoljL) but returned to baseline by 24hR. 
Spearman correlation analysis yielded a signifi· 
cant negative correlation between FG cortisol 
and 24hR TSH (r= -0.65, p<O.05). A strong trend 
was also noted between FG cortisol and 24hR ft3 
(r = ·0.55, p<0.07). 
Conclusion: These findings suggest that exhaus
tive exercise decreases the level of selective thy
roid hormones by 24 hours into recovery, and 
that cortisol levels after fatiguing exercise are 
negatively related to circulating TSH at this 
point into recovery. 

Key Words: Stress, Glucocorticoids. Fatigue, 
Thyroid function , Exercise 

I ntrod u ction 
The thyroid gland is an integral part of the 

human endocrine system, essential to main

tenance of phys iological homeostasi s. The 

principle hormones released by the thy roid 

gland are thyroxine (T4 ), and 3,5,3'

lriiodothyroni ne (T\ ) which circulate in free 

(f) or bound forms [which collectively are re

fened to as the tota l (t) hormonal amount]. 

The production of T4 and T 3 are direct ly con

trolled by thyroid sti mulating hormone (TSH) 

released from the anterior pituitary; wh ile, 
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con ersi n of T4 into TJ occurs at some pe
riph ra l (issues. I 

Research findi ngs concern ing the effect o f 
an acute exerc ise bout upon the c ircu lating 
levels of thyroi d honnones appear somewhat 
ambiguous. Severa l research groups ha Ie re
p rted that exerci. e res ults in s igniticant re

1ducti ons in TJ , T." and SH concentra tions.2• 

Other investigators have reported exercise to 
exhibit no in fl uence w hatsoever on thyro id 
h rmone concentration ' ,4 . ~ and still olhers 

ha e reported increased honnonal level s in 
response to e, ere i . . 6 The lack of continui ty 

with in th se findi ngs may perhaps be att ri b
uted to d ifferences in meth do log , proce
dures, and exerc ise protocols, and/or subj ect 
population parameters among. t the research 
tudies. This ambigu ity within the research 

find ings. neverthe les ,suggest that further 
inves tigat ions are necessary on this topic in 
an attempt to reach c n en us. 

When the magnitude of the exere i e dosagl: 
(re lative exerc ise intensity limes exercise du
ration) is grea t enough. it does appear that 
certai n c ircula ting thyro id horm nes arc re
duced. Previous published data fr J11 ou r,: 
and other laborat r ies support. thi s conten

. ) I H () [ . I I htlOl1. -· ···· t IS present y li nG ear how . uc re

ductions in the thyroid gland function occur 

(e.g. hemod il ution of the blood, increases in 
metabolic clearance rate, regulatory feed

back-loop a ltera ti ns). O ne potential mecha
ni m influenc ing th is change is the re lation
ship exerc ise glucocorti oid reo ponse ha 
up n c ircu lating thyroid hormones. That is, 
g lucocorticoids such as cortisol, are know n 
potent in hibitors of thyro id funct ion at sev
era ! poi nt. within the hypot.ha lamic-p ituita ry
thJ ro id regulatory axis. I

•
lo It does not appear 

however tha t such ex rc ise glue corticoi d ef
fects have heen exam i n ~d thor ugh ly in rela
tion to thyroid fu nction or how such re
sponses might interrelat .I I Therefore the 

pre 'ent study was conducted with a twofold 
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purpose: I) to examine the e ffec t of int 11

sive, strenu 1I exercise on ci rc ulating thy
ro id hormones, and 2) to examine the rela
tionshi p exerc ise glucocort icoid (i .e .. 
cort iso l) r sponse has upon c irculating 
thy ro id hormones. 

Materials and Methods 
Endurance tra ined male lh letes (n= 12) 

were recrui ted to parti cipate in this study. All 

subjects were in exce llent phys ical condition 

with no med ica l abm rma li ties ur i1 ln sses re

lated to the endocrine, Il1U culoskelctal , or 

eardi pulmonary ystems. They had been 

participating in endurance-lype tra ining fo r a 

mi nimum of 5 days a week fo r the last 2 

years. The . ubjecrs \ ere volunteers who 

signed a "Co nsent to Act as a 1-1 utn Cl ll Sub

ject" form, as appro ed fo r use by the Aca

demic Affa irs In. titutional Rev iew Board o f 

the ni ersity o f orth 'arol ina, prior to 

partic ipa tion. Thei r phys ical characteristic ' 

were as fo ll o\<\ : age 22.:t:2 years, body height 

I 86±5 COl, body mass 73 .5± .8 kg (mean:r; 0). 
The subjec t · reported to our laboratory Cor 

thr e separate sessions. At the fi rst session 

they completed a medical history fo rm , an 

exercise train ing log, and underwent a medi 

ca l-phys ical examination to in ure th ir ab il

ity lO partic ipate in this study. After body 

he ight (cm) and mass (kg) m asurements 

w re taken, subjects underwent a In difi ed 

Astrand treadmill maximal exercise test to 

de termine the ir maximal 0 ygen uptake (VOz 
max).ll Respiratory gases were co llected con

tinuously throughout the exerc ise test lIs ing a 

rue Max 2400 open-ci rcu it spi rom try sys

tem (Parvo Medics Inc., UT). T he fo llow ing 

crite ria were used to determine subjects' at

tainm nt of VCh max :o, ygen uptake did not 

increase by more than 0. 15 l'mi n despite an 

increase in workload, heart ra te fa il ed to in-
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crease despite an increase in workload, and 
subjects' rating of perceived exertion (RPE) 
was > 17. IJ 

, 14 The mean (±SD) V02 max ob

tained by the subjects was 63.4±6.1 
mL/kg/min. From the respiratory gas data 
collected during the maximal exercise test, 

each subject's ventilatory threshold (VT) was 
calculated using the criteria of Wassennan. IS 

Approximately one week after the V02 

maxtesting the subjects reported for their 
second session involving an exhaustive exer
cise run. For this session the subjects arrived 
at our laboratory between 1300 and 1500 

hours in a 3-hour fasting state having ab
stained from strenuous activity , alcohol, and 
sexual activity for the 24-hours and caffeine 
for the 12 hours prior to this visit. For the 72 

hours prior to the exhaustive exercise the 
subjects were directed to eat a diet high in 
carbohydrate (~60% daily caloric intake) , 
with moderate protein (~ 15%) and fat 

(~25%) content. Once at the laboratory, sub
jects' height, body mass and total body water 
by bioelectrical impedance were assessed. 16 

•
17 

Next an indwelling 20-gauge catheter was 
placed into the antecubitalvein of their domi
nant ann, and then they began a 30-minute 

rest in the supine position. At the end of the 
30-minute rest, a baseline blood sample was 
taken (BO). A Polar"il heart rate monitor (Po

lar Electro Oy, Finland) was then fitted 
around their chest. The subjects were then al

lowed five minutes to actively wann-up (cy
cle exercise) and stretch. At the end of the 
five minutes , subjects began a prolonged ex
ercise run on the treadmill until they reached 
volitional fatigue. The treadmill running 

speed was set to correspond to approximately 
100% of their VT (±3% ). These exercise pa
rameters were utilized to mimic what an ath

lete might experience in a prolonged running 
sports competition or a strenuous training 

sessIOn. 

-


During the run to volitional fatigue , physio

logical data were collected (V02 heart rate 
[HR], rating of perceived exertion [RPE], 

percentage of VT achieved [%VTJ) at 5, 30, 
60, and 75 minutes into the run and at voli
tional fatigue. When subjects indicated voli
tional fatigue , investigators provided strong 
verbal encouragement. This was done to mo

tivate the subjects and ensure that they did 
not stop exercise until truly fatigued . At the 
point of fatigue the running was stopped, and 

a second blood sample was immediately 
taken (FG). Subjects were then allowed a five 
minute active cool-down before resting in a 

supine position through a 90-minute recovery 
period, after which another recovery blood 
sample (90mR) was taken. This sampling 

protocol was chosen based upon honnonal 
half-life values. I

. 
11 

The third and final session at the laboratory 
occurred 24 hours later. At this session, sub
jects' body mass and total body water were 

assessed as previously noted . They then 
rested in a supine position for 30 minutes, af
ter which a final blood sample was taken 
(24hR) using veni-puncture procedures (cor

responding to the previous BO sampling 
time). During thi s latter 24-hour period the 
subjects were to maintain their diet (noted 
above), not perfonn any additional exercise 

training, avoid sexual activity, and consume 
appropriate amounts of water. 

All blood samples were drawn into EDTA
treated vacutainer tubes and placed on ice un
til processing. Whole blood aliquot samples 

were analyzed for hematocrit (Hct) and he
moglobin (Hb). The remaining sample ali
quots were centrifuged at 4°C for 15 minutes 

at 3000 x g (Centra-8R lEC, MA). Separated 
plasma was stored frozen at -80°C until 
hormonal analysis. Triplicate measurements 

of Hct and Hb were used to estimate plasma 
volume shifts (L1PV).1 8 Honnone levels of 
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cortisol , IT4 , IT), and TSH were determined 

using standard single antibody solid phase 

radioimmunoassay (RIA) kits specific for 

each hormone (OSLabs Inc., TX; OPC Inc., 

CA). All RIA assay between and within 

assay coefficients of variation were less than 

10% . 

Repeated measures analysis of variance 

(ANOYA) was used to detect significant 

changes within hormonal measures over 

time. When necessary, Fisher LSD was used 

to locate the significance among means . Fi

nally, Spearman correlation analysis was 

used to determine relationship among hor

monal measurements. Significance for all 

statistical analysis was set at p<0.05. 

Res ults 
The mean treadmill running time to voli

tional fatigue was 68.3± 12.3 minutes at an in

tensity that represented 74±8% of the sub

jects ' individual Y02 max. This corre

sponded to a mean running velocity of 

14.3±1.8 km/hr. By the end of the run, the 

subjects' mean HR was 190±10 b/min 

(96±5% of maximal HR) and the mean RPE 

was 19±1 (20 point Borg scale). These find

ings collectively suggest that the subjects 

reached a point of near max imal fatigue by 

the end oftheir exercise run. 

Table 1 presents the hOimonal results from 

the exhaustive exercise run (Fig. 1 depicts 

these data graphically). The resting baseline 

(BO) hormonal values were all within clinical 

norms,1 9 and were representative for these 

subjects (i.e. , the subjects had participated in 

previous research involving endocrine profil

ing). All hormones, with the exception of IT4 , 

were significantly elevated from BO by the 

end of the exercise run (FG ti me point) . At 

90mR of recovery, only cortisol was st ill sig-
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nificantly elevated from BO, while the other 

hormones had returned to resting levels . Fi

nally , at 24hR of recovery, IT) and TSH were 

reduced signi ficantly below BO baseline lev

els and the IT4 change approached significant 

reductions (p>0.05<0.10). The magnitude of 

all significant hormonal changes noted ' was 

greater than the degree of calcu lated L.\PY re

duction observed. 

The results of the correlation analysis re

vealed that the FG cortisol response had a 

significant negative correlation with the 24hR 

TSH response (r=-0.65 , p=O.022). A similar 

negative correlation was seen between FG 

cortisol and FG TSH (r=-0.55, p =0.064) as 

well as FG cortisol and 90mR TSH (r=-0.56, 

p=0.058). Each of these latter relationships 

nearly reached statistical significance. Addi

tionally, FG cortisol and 24hR IT) had a 

negative correlation that also approached sig

nificance (r=-0.55, p=0.064). 

Correlations were also examined between 

the running time to fatigue and the TSH re

sponses to determine whether changes were 

truly related to cortisol responses, and not 

just the duration of the exercise . This analysis 

revealed that TSH responses at FG, 90mR. 

and 24hR were not related to the duration of 

the exercise (r< -0.13 , p > 0.664). 

At the third laboratolY session (24 hours of 

recovery) neither the subject's body mass or 

total body water content was significantly 

different from the second session BO meas

urements. This suggests the subjects had con

sumed adequate amounts of food and water 

during the recovery to allow themselves not 

to be in an energy deficient or dehydrated 

condition at the 24hR blood sampling. 

International Journal of Endocrinology and Metabolism 
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Table I. The hormonal responses to the stren uous, fatiguing exercise run. The values a re means (SEM) 


Blood Sampling Times 

Hormones BO FG 90mR 24hR 

fr4 (ng/dL) 173 (0.08) 1.84 (0.06) 1.7R (0.00) 1.67 (0.07) 

iT) (pglmL) 1.70 (0.08) 2.08 (0.08) 
, 

1.6()(0 11) 1.48 (007)* 

TSH (flIU/mL ) 1.69 (0.17) 2.43 (0 .26)' 1.80(0.18) 1.20 (0.16)' 

Cort isol (nmo IlL) 476.1 (47.8) 844 .0 (31.0)" 892.2 (30 .7) " 409.3 (219) 

8 0: baseline; FG : fa ti gue; 90m R: 90 minutes into recov cry; 24h R: 24 hours into recovery 
* p<0.05 compared with 80 

220 

Fig. 1. The hormonal responses to the strenu
ous, fatiguing exercise run expressed as a per
centage of the resting, baseline (BO) values. The 
values are ± the SEM expressed as a percen t
age. 

Discussion 
The purpose of the present study was to ex

am ine the effect of intensive, strenuous exer

ci se on circu lating thyroid hormones, and de 

termine the effect or exercise induced gluco

corticoid (i .e . cortisol ) response has upon 

ci rcul ating thyroid hormones. The data 

sugges t that corlisol has a negative 

relationsh ip wi th thyroid function, although 

temporally there is delay in the association. 

delay in the association. The key specific 

findi ng within the data was the negative cor

relations between cortisol and TSH during 

the recovery from exercise. To our knowl

edge, the demonstration of this relationship in 

the context of an exerci se research study is a 

novel finding. Si milar fi ndings and re lation

ships, however, have been repo rted in previ 
. d' wI ' Ious non-eXeJ"Clse stu les. n partlcu ar, 

clinical stud ies, looking at Cushing 's syn

drome or other medical condit ions involving 

hypercorti solemic states typ ically report pri

mary 
TSH 

hypothyro idism 
levels. I

•
2

l> The 
invol ving suppressed 
mechani sm of how 

cortisol acts to suppress thyroid function has 

not been complete ly eluc idated, but, the 

hypothalamic-pi tuitary-thyroida l 

axis is susceptible to disru ption 
. b . I I ' uPO ll1t s Y cortlSO ..

regulatory 

at several 

The present lindings suggest that the corti

sol association wi th TSH may manifest many 

hours aft e r exerci se has ended. This de lay 

phenomenon is not entire ly unique, as persi s 

tent reductions in TSH followi ng intensive 

ex ercise havc been previoLls ly reported.2
,' al

f 

though, as nOled. sLlch red uctions in TSH 

during the recovery from exercise have not 2. 

been statistically linked to exercise cortisol 

responses as we have shown here. 

International Journal of Endocrinology and Metabolism 



I) 

fie 
r

'ng 
,vI-

I in 
a 

on
:V \

lar, 
yn
1I1g 
)fl 

;ed 

ow 

las 
the 
)ry 

ral 

rti
ny 
.a 
is
ve 
al
;H 
lot 
,ol 

The finding of significant reductions in IT3 

at 24 hours following the exercise also is in 

agreement with previous1y published re

search/.3 although, not all investigators have 

reported such findings following prolonged 

strenuous exercise.4-6 This lack of agreement 

among studies may be due to blood sampling 

protocols, as most exercise studies have not 

sampled as long into the recovery period as 

we did. There was no significant correlation 

between the changes in TSH and IT3 (or IT4). 

This was expected as circulating T3 and T4 
levels are influenced not only by anterior pi

tuitary (i.e. TSH) control but also peripheral 

factors (i.e. T4 peripheral conversion to T3)' 
Interestingly, this peripheral process is also 

influenced by glucocorticoids as they inhibit 

the 5'-deiodinase enzyme, which facilitates 

the peripheral conversion of T4 to T3. The in

hibition of this enzyme allows for another 

enzyme (5-deiodinase) to be more active pe

ripherally. The 5-deiodinase enzyme converts 

T4 to the less biologically active reverse-T 3 

thyroid hormone. ' We did not systematically 

assess the peripheral process in the present 

study, although, we did examine reverse-T3 

in one representative subject and found levels 

of this less biologically active thyroid hor

mone to be substantially elevated at 24 hours 

of recovery.1 This suggests that perhaps such 

peripheral events were taking place and thus 
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possibly accounting in some part for the lack 
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To conclude, the findings suggest that the 
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reductions in key thyroid hormones by 24 
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however, this relation is temporally delayed. 

These findings would suggest that the thyroid 
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ercise events. For clinicians who examine 

athletes, it is important to recognize that 

blood specimens collected 24 hours after 
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representative thyroid hormone concentra

tions. 
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