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ABSTRACT

The purpose of this study is to examine serum and salivary cortisol responsesto
cycling exercisein malechildren, 10.6 + 0.2 yr (mean = SE). Each child performed
agraded exercise test on a cycle ergometer to determine VO, max. On a separate
day a 30 minute bout of exercise at 70% of VO, max was performed. Blood,
obtained from a venous catheter, and saliva samples were collected at rest, at 15
and 30 minutes of exercise, and 15 minutes post exer cise. The mean serum cortisol
level at 15 minutes (7.94 + 1.43ig.dl"!) and 30 minutes (8.72 + 1.77ig.dlY) of
exercise and at 15 minutes post exercise (8.21 + 1.59ig.dlY) were significantly
greater thanrest (5.54 + 0.86ig.dI"?). Theincreasein salivary cortisol levels over
time approached (P = 0.08), but did not reach significance. However, effect size
analysis indicates that increase in salivary cortisol at 30 minutes of exercise
(0.64) and 15 minutes post exercise (0.62) was similar to the exchange in serum
cortisol at these same two time points (0.72 and 0.66, respectively). Serum and
salivary cortisol were correlated (P < 0.05) at 15 minutes of exercise (r = 0.77)
30 minutes of exercise (r = 0.90) and 15 minutes post exercise (r = 0.84), but not
at rest (r = 0.46). In conclusion, 30 minutes of sub-maximal exercise at 70% of
VO, max significantly increased serum cortisol level; and salivary and serum
cortisol are correlated during and after exercise.

Keywords: Adrenocortical function, Boys, Glucocorticoid, Saliva, sub-maximal
exercise.

INTRODUCTION
Cortisol isthe primary glucocorticoid secreted by the adrenal cortex and animportant
regulatory hormonefor blood glucose homeostasis(DeFeo et al, 1989; Tharp, 1975). In
adultstheactivation of the adrenocortica system by adrenocorticotropic hormoneresults
inanincreasein serum cortisol levelsduring exercise (Farrel, Garthwaite, and Gustafson,
1983). During sub-maximal steady-state exercise performed for at least 60 minutesat an
intensity greater than 60% of maximal oxygen uptake (V O, max) blood cortisol levels
have been reported to increase (Daviesand Few, 1973). At higher intensities (70-100%
of VO, max) and shorter durations (12-30 minutes), increasesin plasmacortisol levels
havea so been reported (Farrd, Garthwaite, and Gustaf son, 1983; O’ Connor and Corrigan
1987). Salivary glucocorticoid concentration wasfirst reported to be closely related to
blood glycocorticoid level sinthelate 1950s (Shannon, Prigmore, Brooksand Peller 1959).
Morerecently, salivary cortisol hasbeen confirmedto beavdid, reliable, and noninvasive
indicator of thebiologica activefreefraction of serum cortisol levels. Correlationsranging
fromr =0.70—0.99 between sdlivary and serum cortisol have been reportedin adultsat
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rest (McCraken and Poland 1989; Walker, Riad-Fahmy and Read, 1978) aswell as
during sub-maxima steedy-sate exercise (Bing and Junuen 1991; O’ Connor and Corrigan
1987). Thereare several advantages of assessing sdlivary rate than serum cortisol. First,
sdivary cortisol reflectsthe unbound and biologically activeform of circulating cortisol
(Vining, McGinley, Maksvyntisand Ho, 1983). Second, sdlivary cortisol isnot affected
by changesin cortisol binding globulin (Vining, McGinley, Maksvyntisand Ho, 1983).
Finally, salivaiseasy to collect, lessrisky to handlethan blood, and duetoitsnoninvasive
nature, it may be more appealing to the subject than the collection of blood.

Whereasthe effect of exercise on serum and salivary cortisol levelshasbeen
established in adults, there are conflicting dataon the effect of acute exerciseon cortisol
levelsin healthy children (Garlaschi et al., 1975; Sillsand Cerny, 1983; Winter, 1974).
Although healthy and diseased children wereused in all of theseinvestigations, the data
from healthy children can be gleaned from each study. Two of these studies (Garlaschi
etal., 1975; Sillsand Cerny 1983) report no statistically significant changesin serum
cortisol levelsasaresult of exerciseathough thedataof Garlaschi et al., (1975) indicate
ab6%increasein serum cortisol level following exercise. In contrast Winter (1974) reports
aggnificantincrease (30%) in plasmacortisol levelsin 13to 17 yearsold childrenfollowing
exhaugtive exercise. Although the exact reason for the discrepancy between these studies
isuncertain, there are several factorsthat are known to influencethe response of serum
cortisol to exercise. Thesefactorswould includetheintensity and duration of exercise, the
time of day, pre-exercise cortisol level, and whether or not food wasingested prior to
exercise (Brandenberger and Follenius, 1975; Daviesand Few, 1973; Few, Cashmore
and Turton, 1980). M oreimportantly though, these studiesrai seaquestion asto whether
young children demonstrate ahormonal responseto exercisein amanner comparableto
adults. Although salivary and serum cortisol have beenreportedto be correlated at restin
children (Bober et al., 1988; Burkeet al., 1985), there are apparently no reportsrelating
serumand sdlivary cortisol in children during exercise. Sincemoreand morechildren are
participating in endurance sports activity, research examining hormonal responsesduring
thistype of activity iswarranted. Therefore, the purpose of thisstudy isto examinethe
effect of 30 minutes of exerciseonacycleergometer at 70% of VO, max on serumand
sdlivary cortisol concentrations; and , to determinetherel ationship between salivary and
serum cortisol in children before, during and after exercise.

PARTICIPANTSAND PROCEDURE

Ten healthy ma e children wererecruited to participatein thisstudy. Their age, height, and
weight were (mean + SE) 10.6+ 0.2 yr, 144.2 + 2.0xcm and 36.4 + 1.8kg respectively.
Parental permission and writteninformed consent were obtained in compliancewith the
guiddinesestablished by indtitutional review board. This study was conducted under the
following restrictions: all testing took placewithin a3-week period for each subject, no
strenuous exercisewasallowed 24 hoursprior to testing, all testing took place between
1500 and 1800 hours and food and beverage (except water) ingestion wasrestricted 3
hoursprior totesting. Ontheir first vigit to thelaboratory, athrough explanation wasgiven
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tothechild and parent regarding thenature of the study. Although al children had previoudy
participatedin sudiesinthislaboratory, each child wasfamiliarized with thetesting apparatus
and proceduresin an attempt to assess pubertal status, the height and handgrip strength
method devel oped by Backouset al ., (1990) was employed. This procedure separates
pubertal children (Tanner stagesl, 11, and I11) from pubertal children (Tanner stages|V
and V). Right and | eft hand grip strength was assessed using ahand grip dynamometer
(Takel, Japan). Threetrialswereallotted for each hand and the overall average of thesix
trialswascal culated. The cut off point for pubertal statusis 165cm in height and 25kg of
grip strength. Ninechildren met both criteriafor the prepuberta category. Onechild dightly
exceeded the cut off point for the grip strength (25.8kg); however, he did not meet the
height criteria(158.4cm) for prepuberty.

Graded Exercise Test: Onthesecond day of testing, agraded exercisetest was conducted
on acycleergometer to assessV O, max. Depending onthe body weight of the subject
one of two graded exercise protocol swas employed. For those subjectsweighing less
than 35kg the protocol began at 30W for thefirst 2 minutes. Thereafter, thework was
increased 15W every 2 minutesuntil maximal effort. Subjectswei ghing 35kg and above
performed the same protocol ; however, the startingwork ratewas set at 50W and incressed
15W every 2 minutes. The primary criteriafor terminating the graded exercisetest was
whenVO, failed toincrease (<2.1 ml. kg'.min™) despiteanincreaseinwork rate. Inthe
absence of aplateauinVO,, additiona criteriausedto aidinthe determination of VO,
max werethe achievement of aRER > 1.00, and/or aHR + 10b.min of the age predicted
(220-age) maximal HR. All subjectsachieved at |east two of thesecriteria.

VO, wasassessed continuously during thistest using open circuit spirometry. The
subjects breathed through atwo-way, non breathing valve (Hans Rudolt, model 2600,
49-ml dead space) whilewearing anoseclip. Expired air sampleswereanaysed froma
mixing chamber using an Applied Electrochemistry SA-3 oxygen analyser (Sunnyvale,
CA) and asensormedicsLB-2, Carbon dioxideAnayzer (YorbaLinda, CA). Pulmonary
ventilation was measured during inspiration using aParkinson Cowan dry gas meter. An
integrated computer system reported respiratory gas exchange dataevery 30 seconds.
Heart ratewasmonitored using physio-control Lifepeak —9 dectrocardiograph (Redmond,
WA). Ratingsof perceived exertion (RPE) were obtained throughout the exercisetests
using Borg's6-20 scale (Borg, 1982). All subjectsread astandardized set of instructions
recommended for children onthe use of the RPE scale (Bar-Or, 1983).

Submaximal Exercise: Onthethird day of testing the subject assumed asupine position
and aregistered nurseinserted a22-gauge Teflon catheter into aforearm or dorsal hand
vein for the purpose of obtaining blood samples. The catheter was kept patent with a
continuousdrip of 0.9% sodium chloride. Following theinsertion of the catheter, the subjects
restedinaseat inaquiet roomfor aperiod of 30 minutes. After the 30 minutesrest period,
a3.0-ml blood and 1.0ml salivasamplewere collected s multaneoudy for the purpose of
establishing resting cortisol levels. Immediately after these sampleswere collected, the
subject performed asub-maximal trid onthe cycleerogometer. Thefirst 5 minutes served
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asawarm-up period whereby thework rate was gradually brought up to the subject’s
target work rate (70% of VO, max). The subject then exercised for 30 minutes at this
work rate. VO, was measured during thewarm-up period, thefirst 3 minutes of steady —
state exercise and from 20-23 minutes of exercise RPE and HR wererecorded at 3and
23 minutes of exercise. Blood and salivasampleswere obtained at 15 and 30 minutes of
steady-state exerciseaswell as 15 minutes after the exercisewas completed following the
30 minutes blood sampl e, the subject got off the cycle ergometer and sat quietly until the
fina samplewasobtained.

Blood Collection and Storage: To clear the dead space of the catheter and tubing a
2.0ml waste samplewas collected and discarded immediately prior to each of the blood
samples. Once obtained, blood sampleswereimmediately transferred to test tubesand
allowed to clot at room temperature. Prior to clotting approximately 50-70ul of blood
were removed using amicrohematocrit tubefor the purpose of assessing the subject’s
hematocrit. Oncethe blood sampleswere clotted, they were centrifuged at 2500rpm for
20 minutes. Following centrifugation the serum was extracted and stored in apolystyrene
tube at -20°C until assayed for cortisol. Serum cortisol (25u was analysed by
radioimmunoassay using acoat-A-count cortisol assay kit withasensitivity of 0.2ug.dl™)
(Diagnostic products corporation, losAngeles, CA). The sampleswere measured in
duplicate and averaged. Theinter-assay coefficient of variation for serum cortisol was
7.9%. The averaged val ue wasthen adjusted for changesin plasmavolumethat occurred
over timeusing the method of Van Beaumont, Greenleaf and Juhos(1972).

Saliva Callection and Storage: The procedureto collect salivarequired the subjectsto
swallow theexisting sdlivain the mouth and to begin accumulating sdivaon thefloor of the
mouth. A 2x Llinchband of parafilm wasgiven after the subject had finished swalowingto
stimulate new salivaproduction (Luis and Franchi, 1984). After a2 —minute period of
salivaaccumulation, the subject expectorated gently into aclean 25ml beaker, thesaliva
wasthen transferred to apolystyrenetube and stored at -20°C. To prevent dilution of the
samples, fluidintakewasrestricted 10 min prior to salivacollection. Prior to anays's, the
sdivary cortisol sampleswerethawed and centrifuged for 15minat 2500rpmfor the purpose
of removing mucinsand any cellular debris. Salivary cortisol (200ul) was determined by
radioimmunoassay using acoat —A —count assay for freecortisol insdivawithasengtivity
of 0.02ug.dl* (Diagnostic products corporation, losAngeles, CA). Each samplewas
measured in duplicate and averaged. Theinter-assay coefficient of variationfor salivary
cortisol was 9.2%.

Satistical Analysis: All resultsare preserved as means = SE. Two separate one-way
repeated measuresANOVA were used to examinedterationsin serum and salivary cortisol
concentrations over time. Post-hoc analyseswere performed usingaNewman-Keuls
test. Effect size analyseswere d so performed to examinethe magnitude of thechangein
serumand salivary cortisol levelsfromrest over time (Cohen, 1988; Thomas, Salazar and
Landers, 1991). Pearson product moment correl ationswereused to examinethere ationship
of serum cortisol to sdivary cortisol at eachtimepoint. Statistical significancewasset at P
<0.05for all comparisons.
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RESULTSAND DISCUSSION

Atmaximal exerciseVO, averaged 1.80+ 0.091. min* or 49.5+ 1.1 ml. kg* min™. The
mean valuesfor HR, RER, and RPE at thislevel of exercisewere198.5+ 2.3b. min?,
1.11 + 0.01 and 15.3 + 0.7, respectively. During the sub-maximal exercisetria, the
percentage of VO, max was 69.5 + 0.9% at the 3rd and 70.5 + 0.9% at the 23rd minute
of exercise. VO, averaged 34.3+ 0.6 and 34.8 £ 0.7 ml. kg*.min*, while HR was 165.0
+3.0and 169.1 + 3.5b. min* at these sametime points. Mean RPE was 8.8 + 0.6 at the
3rd minute and 10.9 £ 0.8 at the 23rd minute. Figure 1 shows the response of serum
cortisol level sduring sub-maximal steady state exercise. The statistical analysisindicated
that exercisesignificantly elevated serum cortisol levelsat 15 minutes(7.94+ 1.43 g .dI-
tand 30pg.di?), aswell asat 15 minutespost —exercise (8.21 + 1.59ug.dl*) compared
withrestingvalues(5.54 + 0.86 g . dI ). Theeffect sizeanalysiscomparing exerciseand
post exercise serum samples to the resting sample were 0.64, 0.72, and 0.66 for 15
minutesand 30 minutesof exercise, and 15 minutes post-exercise, respectively.
Theresultsfor salivary cortisol responseto sub-maximal exerciseare presentedin
figure2. Asafunction of time, sdivary cortisol tended toincrease and approached, but did
not achieve statistical significance (P=0.08). Sdivary cortisol levelswere0.079+ 0.013
pg .dl*at rest, 0.099 + 0.022 pg. dI* at the 15th minute of exercise, 0.133+ 0.035 pg.dl-
1 at the 30th minute of exercise, and 0.143 £+ 0.044 pg . dI at the 15th minutes of post
exercise. Theeffect size analyses comparing exercise and post-exercise salivasamples
with the resting sample were 0.35, 0.64, and 0.62 for 15 minutes and 30 minutes of
exercise, and 15 minutes post-exercise, respectively. Significant correlationswerefound
between sdlivary and serum cortisol during and after exercise, but not at rest. Thecorrelaion
at rest wasr =0.46; at 15 and 30 minutesof exercisethecorrelationincreasedtor=0.77
andr =0.90, respectively. At 15 minutes post exercisethe correlation wasr = 0.84.
Theresultsof the present investigation show that serum cortisol concentration
increased by 43% and 57% above resting level at 15 and 30 minutes of exercise,
respectively. At 15 minutes post-exercise, serum cortisol wasstill 48% higher thanresting
level. Incomparisonwith previousresearch, theresultsof the present Sudy arein agreement
withthoseof Winter (1974), who a so reportsasignificant increase (30%) in serum cortisol
levelsinagroup of healthy adolescent childrenwho exercised to exhaustion (15-30 minutes)
on acycleergometer at aHeart Rateintensity equal to 170— 180 b. min. Garcaschi
et al., (1975) report alarge (56%), but no significant increasein serum cortisol level ina
group of prepubertal childrenfollowing 10 minutescycleergometry at 50% of VO, max.
In contrast, Sillsand Cerny (1983) report that continuous exercise performed at 50% of
VO, max for 30 minutesand intermittent exercise performed at 100% of VO, max at 1
minuteinterval sfor 30 minutesresulted in no changein serum cortisol levelsduring or after
exercise. Thefailure of exerciseto augment serum cortisol level may be dueto severa
factorsincluding food ingestion prior to exercise (Brandenberger and Follenius, 1975),
elevated pre-exercisevaues(Few, Cashmore and Turton, 1980) and aninadequate exercise
stimuluswith respect tointensity and duration (Daviesand Few, 1973). Thisstudy attempts
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to control for thesefactors. Food intake wasrestricted in the 3 hours preceding thetest,
and the pre exercise cortisol level was cons stent with the circadian rhythm exhibited by
cortisol (Kerriganet al., 1993). Thiswould suggest that cortisol levelswerenot elevated
prior to exercise. Inaddition, theexercise stimuluswas of sufficient intensity and duration
toincreasein serum cortisol level. It isimportant to note that the measurement of serum
cortisol concentration providesno direct information regarding adrenocortical function.
Thisisto say, it cannot be ascertained whether theincreasein serum cortisol levelswas
duetoanincreasein cortisol secretion, adecreasein therate of cortisol removal from
circulation, or acombination of thetwo. However, Daviesand Few (1973) examinethe
rate of cortisol secretion and removal in adultsperforming exerciseat different intengties.
Their resultsindicate that when exerciseintensitiesexceeded 60% of VO, max increases
inserum cortisol concentrationweremorerdated toincreasesintherateof cortisol secretion
and not to decreasein the rate of removal. If this sameinformation can be applied to
children, then theincreasein serum cortisol concentrationin our study would be primarily
duetoanincreasein cortisol secretion and lesslikely dueto decreaseinremoval rate.

The mechanism that activatesthe hypotha amic— pituitary —adrenal axisduring
exerciseisnot completely understood. Although cortisol isanimportant hormoneinthe
maintenance of blood glucose levels, other physiological factors may also stimulate
adrenocortical activity during exercise. One of such factors may reside in metabolic
disturbances, such astheaccumulation of |actatethat is sensed by muscle chemoreceptors
inthe contracting skeletal muscle (Few, Cashmoreand Turton, 190). Wedid not measure
blood |actate level sin thisstudy. However, the exerciseintensity used in thisstudy was
probably at or dightly above anaerobic threshold (AT) for most of thechildrenand asa
result, blood | actate level swere probably el evated at | east to some extent. Kindermann
et al. (1982) report that the exerciseintensity corresponding to the subjects Anaerobic
Thresholdisassociated with increased cortisol levelsinadults Theuseof exerciseintensties
relativeto VO, max rather than AT may also explainthewidevariationin serum cortisol
responseswe observed in our data. Perhapsthe subjectswho demonstrated little or no
changein cortisol level wereexercising below their AT whilethe subjectsdemonstrating
increasesin cortisol levelsmay have been exercising at anintensity aboveAT.

An alternativeto the assessment of serum cortisol isthe measurement of salivary
cortisol (Bing and Junwen, 1991; M cCraken and Poland, 1989; O’ Connor and Corrigan,
1987; Port, 1991; Riad-Fahmy, Read and Walker 1983; Vining, McGinley, Maksvyntis
and Ho 1983; Vining and M cGinley, 1987; and Walker, Riad-Fahmy, and Read 1978).
Although sdlivary cortisol concentration increased by asmuch as81% aboveresting leve,
statistical significancewas not achieved (P=0.08). Thefailureto achieve statistical
sgnificancecould bedttributed to thesmal samplesizeor thelargeamount of variability in
thesdlivary data. However, effect Szeandysesindicatesthat theincreasein sdivary cortisol
measured at 30 minutes of exerciseand at 15 minutes post exercisewassimilar tothe
effect Szesobservedinthe serum dataat these sametwo timepoints. Significant correlations
between the salivaand serum measurements, ranging fromr =0.77tor = .90, werea so
noted during and after exercise. These correl ations comparefavorably with dataobtained
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(O’ Conor and Corrigan, 1987). These results suggest that the assessment of salivary
cortisol may bean acceptabl eaternativeto the measurement of serum cortisol in children
during and after exercise. However, the correl ation between resting serum and salivary
measurements(r =0.46), and thesmdll increasein salivary cortisol a 15 minutesof exercise,
suggeststhat some caution must be used when assessing cortisol inthesdiva. Thereasons
for thesefindingsarenot clear, but may be partially attributed to thefact that salivary
cortisol isanindicator of free serum cortisol, whereasthe serum cortisol measurement was
based ontotal serum cortisol (Vining, McGinley, Maksvyntisand Ho, 1983). In addition,
the sensitivity of thesdivary assay may havea so contributed to the poor correlation at test
andthesmall increaseat 15 minutesof exercise.
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Figure1l: Mean + Seserum cortisol concentrationbefore, during, and after exercise
(* P <0.05 compar ith resting cortiol levels).
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Figure2: Mean+ SE salivary cortisol before, during and after exercise

International Journal of Health and Medical Information, Vol. 1, No. 1 - 3, December 2012 15
| SSN: 2350-2150



CONCLUSION

Thepurposeof thisstudy wasto examine serum and salivary cortisol responsesto cycling
exerciseinmalechildren. Each child performed agraded exercisetest on acycleergometer
to determine VO, max. Thirty (30) minutesof exerciseat 70%of VO, max significantly
elevated serum cortisol concentrationsin maechildren during and after exercise. Sdivary
cortisol wasalso elevated, but theincrease was not statistically significant. Serum and
sdivary cortisol weresignificantly correlated during and after exercise, but not at rest.
Although the assessment of salivary cortisol may beamore appealing procedureinthis
agegroup sinceit isnoninvasive, moreresearch is needed to understand the extent to
which salivary cortisol can be used asan alternative meansof predicting serum cortisol
responsesto exercise. Future studies should al so addressthe effects of maturity, gender,
and different exerciseintengitiesand durationson serum and salivary cortisol responsesin
children.
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