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M easur ement.of‘androgensin the hair of children

Abstract

Hormone analysis is a valuable tool for understanding how physialugjyehavior interact.
Cortisol in‘tair has recently beeexamined as a measurelofger-term hormone output. The
aim of this study was to investigate the relationships between other androgensamdhair
anthropometricimeasures. In a child sample (n=fiehn age 8.5 years, 66 females) levels

of cortisol /DHEAand testosterone weassayedn the 0-3cm section proximal to scalp. The
3-6cm segmentwithin a subsample of female participantsSjna8s examined and
comparedResults showed that testosterone strongly correlated with DHEA, and moderately
correlated with cartisol(0-3cm only). Higher hormone concentratiomsre presenh the 3

6cm segment. Einally, there was a weak positive association between DHEA and height. The
replication of previously identified associations between androganscularly testostrone-
DHEA, and with"developmental measures sugdestsmay offera valid method of hormone
measurement fdDHEA and testosterone.
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1. Introduction
Hormone analysis is a valuable tool for understanding the interaction betweerqgyysio
development, stress, behavior, and psychopatholdgymain methods of hormone
measuremergampling have been via analysissafivaand bloodsamplesThese
biospecimens provide momentary assessment of hormone lev#lsienced bya rangeof
endogenous.and exogenous factors, includirgadian rhythms, exercise, diet, metabolism
and stressors.within the wider and immediate environment (Hansen, Garde, & Persson, 2008;
Matchock/Dorn;, & Susman, 2007hese sources ghorttermvariationarereduced witha
relatively newmethod of measurement - hormone levelsaim from thescalp Research
suggests that haorovidesa retrospective marker of frageroidhormone levels, with
concentrationseflecting systemic levels integrated omeonths (Stalder et al., 2017). The
principal analyte assayed in hair to date has been cqi@talfenbiel, Penninx, Spijker,
Elzinga, &van'Rossum, 2013 ecently, research has begun to asstss stress responsive
hormonesysuchidse androgendehydroepiandrosterone (DHEA) and testosteraiéch
alsoserve a developmental rol& number of studies have been conducted, with a range of
age groups, includingdults (Dettenborn et al., 2016; Gao et al., 2013; Pereg et al., 2013;
Qiao et al.;*2017; Thomson, Koren, Ven Steen, Rieder, & Van Uum, 2008scets
(Grotzinger, Mann, et al., 2018; Grotzinger, Briley, et al., 20dd)dren (Helfrecht et al.,
2017), and infars (Schury et al., 2017). Hair hormone concentrat(@talder etl., 2017)
arenot directly comparable with momentargrmone biomarkers (e.g., blood asaliva),
highlightingasstrong requirement for further investigations into hairlasgertermindex of
hormone leved—~particularly for androgensiere we will evaluate the validity dfair as a
measurefDHEA andtestosterone a sample of childrenusing theenzymelinked
immunosorbent-assay (ELISA)ethod.

In"children who have commencadrenarch€6-8 years of agejut not yet
gonadarche (9-1peard, DHEA and testosterone are primarily adrenal in sduand
positively associate@s shown by salivary measures (Matchock et al., 200@x. A
gonadarche, gonadal androgen producibers the hormonal milieu, particularly in baas
testosterone output from the testes increases mariédhane & Fluck, 2015)n the
absence of significant increases of gonadal testosterone, adolescent girls have been found to

continue to demonstrate a significant positive association between DHEA trstictese in

! Testosterone is metabolised in peripheral tissue from adrenal DHEA.
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saliva(Marceau et al., 2013; Matchock et al., 2007). The influence of gonadal hornsones
reflectedin different patterns of hormonatsociation across adolesce(iattle, Shirtcliff,
Armstrong, Klein, & Essex, 2015 drenarche, therefore, represents an ideal phase in which
to examine DHEA and testosteramationships in hain boys and girls vthout the
influence ofthe'gonadal androgens, and wheres#ive relationshipetween hormones has
been reliably foundh saliva

DHEA and testosterone are integral hormones in pubertal development (Havelock,
Auchus, &Rainey, 2004; Styne & Grumbach, 20The early stages ofleenarchare
associated. with few externaghysical marker¢Byrne et al., 2016), however anthropometric
measures'can be usasl an index of maturation (Biro et al., 2003; Rogol, Clark, &
Roemmich;"2000and androgen levels (DHEA) (Rege & Rainey, 2012). To date, only
cortisol concentrations in hair have been measagaihst anthropometrimaturational
indices. Havinga higher BMI and being male was associated with tgherortisol
concentratioa (HCCs) during childhoodassayedia liquid chromatography tandem mass
spectrometryl{(C-MS/MS (Rippe et al., 2016nd ELISA(Noppe et al., 2014; Simmons,
Badcock, et.al52015; Veldhorst et al., 20 Csassayed via ELISA were alpositively
relatedto waist.circumérencen obesechildren (Veldhorst et al., 2014), bihis result isyet
to berepeatedn normative weightange children

The mest efficaciouand validassaymethodologyfor measuring hormone levels in
hair is contended. Currently, LIS/MS and ELISA techniques are considered to be the
most accessible and vial{l@ow, Thomson, Rieder, Van Uum, & Koren, 2010). While some
research suggests H@S/MS as the superior method of analy&Bao, Kirschbaum, Grass, &
Stalder, 2016), both methods have been validated for hair hormone extvatitioradult
(Deshmukh, Hussain, Barker, Petroczi, & Naughton, 2010; Noppe, de Rijke, Dorst, van den
Akker, & van Rossum, 2015; Sauvé, Koren, Walsh, Tokmakejian, & Van Uum, 2007), and
child populations (Slominski, Rovnaghi, & Anand, 201)or research has identified high
correlations'between L®C/MS and immunoassay (including ELISA) for cortisol levels
(KirschbaumyTietze, Skoluda, & Dettenborn, 2009; Russell et al.,, Zdminski,
Rovnaghiz&Anand, 2015). Further research validating each respective method has been
called for, withyan emphasis on within-study comparisons (Russell, Koren, Riedan &
Uum, 2012)the extension to other hormones (such as androgergihe exploration of
differences across brands of ELISA kits, where sensitivity and-oceass$ivity can vary
widely (Miller, Plessow, Rauh, Groschl, & Kirschbaum, 20Ecent research measuring

androgens in hair assayed via MS/MS reports that testosterone and DHEA levels were
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below the rate of detection for many child and some adolescent partid@anitzanger,

Mann, et al., 2018; Grotzinger, Briley, et al., 20X8jotzinger, Briley et al. (2018) reported
non-detectable levels of testosterone (28.5%) and DHEA (9.9%) in a cohort of 7.80 — 19.47
year old twins (M = 12.34, SD = 2.77), which was associated with younger age and earlier
pubertalrstatus:

The ELISA method has a lower limit of analyte detection compared witmMBOMS
(Gow et al., 2010Slominski et al., 2015), and therefore may prove useful in the analysis of
hair androgen concentrations prior to gonadal maturation. To date, only one other study
reports theextractionof androgens (DHEAS) in hair using ELISAa child sample
(Helfrecht'et al.; 2017). Combined, this highlights the importance of further andlysis o
androgens’in/air using the ELISA method of extraction in child sanfpleghin-study
comparison of assays ELISA kits is beyond the scope of this report; instead we will
provide a preliminargxamirationof the assay of DHEA and testosterpag well as
relationships with cortis@nd anthropometric measuy@s hair using ELISA.

In sum, the use ofdir as dongertermhormone index is a promising compliment to
momentaryindices, however furthenvestigationof method is requiredparticularly for
hormones'ether than cortisélere we reporthefirst study ofDHEA and testosterone levels
in hair within'achild sample, whialill allow us to evaluate whether the positive
relationshiptypically observed between these hormones during adrenarshbva and
bloodisreplicated in hair. In a subsample of female participants (na35aysverealso
conducted omultiple segments of hair.e., 03 and 3-6crfrom the scalp The section most
proximal to the scalp (Bcm) is considered the mastiablemarkerfor cortisol with HCCs
reducing down the hair shaft (Stalder et al., 20C®)mparisons across segmefts8 and 3-
6cm)will therefore help tevaluatethe stability ofDHEA and testosterone across hair
lengths.

The following.hypotheseseretested
1.) Therewill be gositive associatiohetweerDHEA andtestosterone in ha{as
demonstrated in saliva and blosaimple obtained in peri-adrenaraiend
adolescent female samples)
2.) These associations will be consistent across hair segmehs,336¢cm in length
(only examinedn girls).

3.) Hormonelevels will be lower in the distal segment§8m) compared with the

proximal segment (@cm) (only examined in girls).

4.) Hair hormoneswill be positivelyassociated witlphysical maturation measures.
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Sex differencesvereexaminedas well as the relationghof cortisol with testosterone and
DHEA, however, no specific hypothesssreproposed due to the limited studies in this area.
2. Method

2.1 Participants

Participants werd28 children heanage 8.44 years, SD 0.34, 87 females
participating inthe Families and Childhood Transitions Study (FACTS). Participants were
recruited from lower socioeconomic (SES) areas within the Melbonetr@politan area
Approximately 25%of families had incomes thatere ator below the poverty line
according to Powéy Lines AustraliaJune 2016 (UoM, 2018)Participantsvere assumed to
be in the early stagegirenarcheéyased upothe age rangef the samplémean age 8.44
years, SD/0.34),the parent report ahher stage physical maturatiovhere94% of females
and 73% of males showed no sigree€ondarngexual characteristics, and females had
reachednenarcheThe Tanner parent-report measure has shown high congruence with a
physician report of developmental stage (Coleman & Coleman, 2002).

Written consent was obtained from the primary caregiver and verbal consent obtained
from theparticipating child. Exclusion criteria included a history of head trauma, alliyic
significant'developmental or intellectual disorders, clinically significant endocrine
abnormalitiesandimmediate or longerm use of steroidal or amphetamine based
medications (reviwed on a case by case basiecruitment, methods and study protocol
have been described previouslygreater deta{Simmons et al., 2017)0f the 128 hair
samples provided, 125 samples were vidie medical exclusiorsnd multthormone
outliersincluding ingestion of steroidal medication dlgesses across the last several
months; n=1 not enough to assay). With the additisoofceconomic and anthropometric
indices the complete available dataset was n=AXubsample (n=8) of 3-6cm lengths of
girls’ hair samples (due to longer lengths) were randomly selectedsaagiedmean age=
8.5years)
2.2Measures

Hairsampls werecollectedfrom the posterior vertex of each child’s scalp,
approximately 1crin diameter. Assays were conducted by Stratech Scie(8ifithey,
Australia) using.an ELISA methodologyhere samples wepgocessed and assayed as
described previously Sharpley, Kauter, and McFarlane (20&48)well adD'Anna-
Hernandez, Ross, Natvig, and Laudenslager (2011). ELISA assay methodology has been

> Non-parametrictest comparisons indicated no differences in hormones or anthropometric
measures according to status above or below the poverty line.
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tested and described in studies measuring hair cortisol and androgen conceimranonal
samplegKoren, Mokady, & Geffen, 2006; Koren et al., 200&)rtisol in adult samples
(D'AnnaHernandez et al., 2011; O'Brien, Tronick, & Moore, 2013; Pereg et al.,,2(13)
well as cortiso(Ouellette et al., 2015; Slominski et al., 2025 DHEAS(Helfrecht et al.,
2017) across'ehildhood samples. In bréaimples were cut down to 3cm lengths (from scalp
end), andvashedthis step is in contrast ®harpley et al. (201Q)Hair wasleft to dry

atroom temperature (RT) and minced ptio extractionSamplesof 50mg were extracted

via the additionof methanol at RT for 36. After extraction, methanol was evaporated to
dryness at 45C.underairstream. The remaining residue was reconstitutéaeiBLISA

sample buftfer (Salimetrics), vortexed for 10 seconds, incubated at RT for 60 min and
vortexed again prior to assay using commercially avail@blisol (sensitivity <0.007

png/dL), Testosteronésensitivity 1 pg/mliand DHEA(sensitivity 5 pg/mIELISA kits
(Salimetrics Carlsbad, CA)All samples were assayed in duplicate. Salimetrics assay kits are
validated for parallelisyrand Stratecfurther validats kitsfor parallelism for the analytes

and matrices (sample origin) us@dhis process ensurésatthe sampledilution response

curve isparallelto the standard concentration response curve. Theassan coefficiemstof
variation (CV)for the samples assessed weHHEA — 6.5%; testosterone6-7%; and,
cortisol=6.4%. The intraassay CVsvereDHEA — 5.1%; testosterone — 4.9%; and, cortisol
— 4.79%. All CVs are within acceptable ranges.

Anthropometric measures included weight, height, waistimferenceandBMI
(weight/height). To reduce measurement error, two measurements of each weranaken
the mean calculatetitowever if they were not within a specified range (0.5 cm for height, 0.1
kg for weight, 0.5cm for waist) a third measurement was colleeted the median used
Height was measured véaportable rigid Invicta stadiometaveight viacalibratel Tanita
THD 382 digital scalesggnd waist circumference was measured bystogtch
anthropometric tape
2.3 Statistical’Analyses
Missing data@utliers were corrected (Wsorized) within one relevant unit (hair n=7; waist
n=1; height=1). Combined, 113articipants femalen=65) had complete data across all hair
and developmental measurelhe following were recorded as missing due to arrdmitial

measuremern(weight n=1, BMI=n=2, height n=1).

% Sensitivity and CVs are values that assess the specificity and accuracy of the assay method
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Normality.Raw hair hormone variables were positively skewed and demonstrated substantial
kurtosis. Log transformations resulted with approximately normal distributions. Log
transformations are considered common practice when dealing withonoradly distributed
hormone datéSollberger & Ehlert, 2016 Anthropometric measures demonstrated adequate
normalityBMiFand waist circumferencghowed minor positivekewhowever this was not a
sufficient deviation from normality that warranteensformation ononparametric analysis.
Analytical ‘approach

Pearson Correlations were conducted across complete data (list wise dedetion).
differences.were analyzed by independent samples comparisons. Differences across hair
segments ‘were@nalyzed through paired samyjiestd. As a preliminary study within a novel
area with a’high.number of exploratory comparisons winelependence of associations was
unlikely (hormones athanthropometric)Keppel & Wickens, 2004; Narum, 2008),
modified False Discovery Ra(EDR) correction was use@Benjamini & Yekutieli, 2001).
For51 possible comparisons between hormones within and across hormone segments,
anthropometrics, and sex adjusted {value d p=.011was used

3. Results

Analyses indicated adequate normality, linearity, and homoscedacity for log
transformed hair variables. For ease of interpretation, both raw amchiegermed values
are presentedqn Tableahd 2, however transformedriables were used in analysesgst,
associations between cortisol, testosterand DHEAwere analyzed (see Tal8§ For the
0-3cm segmentestosterone strongly correlated with DHE&d moderately correlated with
cortisol, while DHEA and cortisakere not correlatedn the 36cm segmentn=35 see
Table3) the only/identified association was@ong correlation betweeastosteronand
DHEA (all p’s <.001).

Correlations across hair segments revealed strong correlations within each hormone
(see Table 3)Furthermore, DHEA in the 0-3cm segment positieeyrelatedwvith
testosteronesinithe @cm segmentand estosterone in the8cm segment was positively
correlatedwith-DHEA in the-Bcm length(seeTable3). Finally, DHEA in the GBcm
segnentshewed a weak negative correlatiwith cortisol in the 36cm segment, however
this relationship.was not significafgt >.011).

Paired sampleamnparisons across the segments demonstrated significantly higher
hormone concentrations in the 3-6cm lengibimpared with the-Bcm lengthdor cortisol
t(36)=5.961, p= <.001, and DHEA 1(36)=3.989, p= <.001, but no differéordestosterone
t(36)=.0102, p= .687.
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Four anthropometric measures were assess@dst, height, weight, and BMI.
Parametric analyses identified a weak positive association between [@-#€f)and
height (r=.223, p=.017ksee Table 3)The relationship between DHEA and heightame
significantafter controlling for the effect of age in days (r=.260, p=.008)ile age was an
important.covariate, evaluation of interaction effects showed that age did not taatedte
association between DHEA and height, for regression values and a visual depidtien of t
interaction please refer to the supplementary materials.

Independent tests indicated sex differences in hormone levels in4Bent) where
all hormone.levels in hair were higher in males comparddrtales see Table.

4. Discussion

In this Study we examindthir as biosample faneasurement of basal levels of
DHEA andtestasteroneand relationships with cortisalsing ELISAiIn anadrenarcheal
child sampleFirst, a positive association between levelD6fEA and testosterongas
predictedbased on the developmenséhgeof our sampleand prior studies using saliva and
blood samples. This hypothesis was supported in the proximal (0-3cm) hair segmamd, Sec
it was predictedthahe association between DHEA and testosterone would be consistent
across hainsegmentsnly testedn girls). This was also supported thedistal (36¢cm) hair
sggment as well'as across segments (i.e., proximal testosterone correlated with distal DHEA,
andvice versgsFurthermore, there were strong correlatitorseach hormone across the
proximal and distal sections. Third, it was predicted that hormone levels would beriower i
the distal (36cm) segment of ha{only tested in girls)lUnexpectedlytestosterone levels
were stable whileortisol and DHEA levels weltldigherin the distal segmenEourth,hair
hormone levelsvere predicted to relate anthroporatricindices Although this hypothesis
was supported, only one association between DHEA and height was ideRiriigt), sex
differences were identifiedthereall hormoneevels were higher in males compared with
females(only.tested in Bcm segment)Overall, this is the first study &xamineevels of
testosteronerand DHEA hair within a childhood sample using the ELISA assay method,
andhas replicategreviously identified positive relationships between testosterone and
DHEA in_other blood and saliva.

The leves of cortisolreported in this studg2.53pg/mg, median) @relower than
values reported in one younger pre-school childhood sample 20pg/mg (Vaghri et al., 2013),
but consistent witlanotherstudy ofchildren of a similar age3(51pg/mgutilizing the same
methods and laboratory for assays (Simmons, Badcock, et al., 3aliBary ortisol levels

have been shown temain stable from earlp middle childhood (Kiess et al., 1998hile
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HCCs have been shown to decline (from 1, 3, 5 ayeb@s old (Karlén, Frostell,
Theodorsson, Faresjo, & Ludvigsson, 2013velsof testosterone (.5pg/mg) were lower
than, whilelevels ofDHEA (3.53pg/mg)were comparableith, Grotzinger, Briley, et al.
(2018) (testosterone 2.45pg/mg and DHEA 3.89pg/mgq). diffexrence is important, in that
Grotzinger, Briley et alutilized LCG-MS/MS and reported wetectabledvels of testosterone
(28.5%) and DHEA (9.9%), which wassociateavith younger age and et pubertal
status.Their cohort ranged in age between 7.80 and 1@ 4rs(M = 12.34, SD = 2.77),
suggesting levels were undetectadtithe lowerend of this age rang&hich is specifically
around the_ age.of the cohort examined in the current study (i.e., an adrenarcheal, pre-
gonadarcheal cohort). The relatively poor sensitivity of MEAVIS approaches has been
previouslymoted for cortisol, in a study directly compgiirf€-MS/MS and ELISA assays
(Slominski et al’, 2015)

As expectedor this developmental periddstosterone and DHEA were strongly and
positively associate(Matchock et al., 2007).his pattern of associatipnombined with the
age of thisisample (approximately 8 yeaisgonsistent witlan adrenarcheal profile that is
yet to underge.gonadarche, where DHEA levels increase and testosterone is primarily
producedvia peripheral conversion of DHEMatchock et al., 2007; Rege & Rainey, 2012;
Soma, Rendon, Boonstra, Albers, & Demas, 2015; Styne & Grumbach, Z8iklis an
important, if basic, validity chedor hair hormone indices for DHEA and testosterarel
replicatesprevious findings with other biosamples in children pre-gonadarche. Consistent
with prior literature(Matchock et al., 2007}here wasio association betweddHEA and
cortisol,reflectingdivergent patterns of secretion between cortisol with andrqgens
DHEA) during adrenarche (Rege & Rainey, 2012). Surprisingly, cortisol and testosterone
were positively relateth the proximal, but not distalair segment. Thpositive association
between cortisol ahtestosterone has mixed support within literathet has usedalivary
indices shown. by positive couplinduring late childhoo@Ruttle et al.2015), positive
covariation-forfemales during adolesce(@emons, Byrne, et al., 2015), and a negative
associationsduringniddle childhood to middladolescenc@atchock et al., 2007 his
relationshiphoweverwas not consistent across hair segmeeftecting that this may not be

a strong assoeiaticandthusrequires further study

* Slominski et al. (2015) provide methods &nair hormone extraction technique that results
in significantly higher yields than other methods, and should be considered in future work.
> Coupling refers to the relationshietween hormones within a person across several time
points.
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Across hair agments, the strorassociation betwedrstosterone and DHEAas
consistent, however the associatgfrcortisolwith testosterone was ndturthermore, nly
hormones in the proximalair segmeng0-3cm)were associated witiinthropometric
measureslt is possible that weaker associations, such as the relationship between cortisol
and testosterone, abetweerhormones with anthropometrics, were only detectable with
greater power from thiarger sample sizavailable for the proximal segment (n= Ihdle
and female participants versas35female participanysinsteadthis findingmay reflect
decreasedyreliability of measurement down the hair shaft beyon{S3alder et al., 2017)
potentiallydue to increased influence from extraneous facsoich as sweatlternatively,
this may relate to hair washing frequency (Rippe et al., 2016), however this isyunwiiezke
a recent review found that over 80% of research studies failed to identify a significant effect
of hair washing frequency on hair cortisol concentrations (Gray et al., 2018). Unexpectedl|
cortisol and DHEAévels were higher in the distal segment comparedlextls inthe
proximal segment. This finding is not consistent with prior literature on hair cortisol that
found a reduction in cortisol levels from3@m to 36cm in a metaanalysisn bothteenage
andadult samplegStalder et al., 2017pr no difference in an adult samManenschijn,
Koper, Lamberts, & van Rossum, 201%jrong associations between horm@awels across
hair segments (i.e.-8cm cortisol with 36cm cortisol) were identified, consistent with prior
research on rhesus macaq(@avenport, Tiefenbacher, Lutz, Novak, & Meyer, 2008
are not aware of previous studies examining cortisol (or other horriewety along hair
segments in childrertherefore developmentdifestyle, and assay between the age groups
may influence the outcom®oreover, the results atmsed on a small stdample of female
participants (n35) with a novel approach to multiple hormone assay of hair sanaplés
therefore conclusions should be tentative until results are repli¢ateole studies might
examine these relationships in egler sample including boys and girls, while assessing other
potential covariates such age, puberty, and activity levels.

In a'novel contribution to the literature, we fouamdassociation betwe®HEA and
height. Thissmay reflect the role of DHEA in development and maturation during childhood,
particularly-adrenarch®remature adrenarche has been positively associatednitbgens
including testosterone and DHEManez, DimartineNardi, Potau, & Saenger, 2000), height
(Leung et al. 2008), anaaist circumferenc@banez et al., 2003)t is therefore possible that
the positive association between DHEBAd heightnayreflect therole of DHEA in
development. Further supported by the finding that the association between DHEA and

height strengthened after the addition of age as a covariate. In cortrastegearchas
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found no associationetweerDHEA in salva andanthropometricérom middle childhood to
early adolescena@ond, Vella, Kiparissis, & Wynne-Edwards, 2006)xhouldalsobe

noted thathe previously shown positive association betwhbain cortisol and waist
circumferencdgVeldhorst et al., 2014) and BMI (Rippe et al., 200@f not replicated in this
sample. Itis'possible that as a healthy sample with a restricted age range there was limited
variability in maturationaindices, where prior research focussed on obese children across a
wider developmentaange (812 years) (Veldhorst et al., 2014), or incluaedely diverse
andlarge samles (n=2, 484Rippe et al., 2016)While the restricted age range allowed for
the evaluatiorof hormones during eestricteddevelopmental windowt meant that we were

not able tcevaluate developmental differendiégly to affect hormone levelor visa versa)
Therefore further research measuritigese associations wittormone levels in hais

required.

Sex differences were identified, in which hormone levels were higher in males
compared to females. Higher HCCs in males is consistent with prior research using LC
MS/MS (Rippe et al., 2016nd ELISA(Simmons, Badcock, et al., 2015). Higher levels of
DHEA and.testesterone in males is inconsistent with prior salivary research on a sample from
middle childhood to early adolescence (Matchock et al., 200%)possible that males were
more advanced in adrenarcheal development than the females in this sample, however there
were no differences in age between the sexes, and females are typically more pubertally
advanced than males of the saage(Rosenfield, Lipton, & Drum, 2009%ex differences
here may not be due to underlying biological differences, but rather exogenous integration of
hormones, such as vai@t in exercise and swe@irschbaum et al., 2009; Pragst &

Balikova, 2006) Alternatively, contrasting sex differences across hair and salivary indices

may suggest that each measure indicates different aspects of endogenous hormone levels. The
cause of thiglifference remains unknown, indicating the need for within-study comparisons
between.methods, recognising developmental factors and sex.

There-are several limitations to this study that should be considered. First,
inconsistent:.with expectations and priesearclstrong associations between hormones
(particularly=€ortisoland anthropometric measumgsre not identified. lis possible that the
inability to identify further relationships between androgens and developmentasndi
(anthropometrics) refléspoor validity of the hair hormone index used in this stddys
explanation howevers unlikely given that we identified sevegsdsociationsonsistent with
the developmental stage of this sample. Such associations irttledgentification of higar

HCCs in boys, comparable HCC levels to prior study samplasiohilar age range, and the
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positive association between DHEA and testosterahernatively, it is possible that the
inability to identify more associations between androgens and deveitginmelices was due
to the limited variability in developmental indices due to the restricted age otige
sample Another limitationwasthe small subsampleof female participants (n=3b)sedto
compareracrossair segments-@cm and 3-6¢cm. Consequently findirgge limited in their
extension@and power, requiring further investigatiinally, it should be recognisefat the
sample wasecruited from lower SES arewagthin the Melbourne Metropolitan area
Although no relationships were identified with status above or below the poverty lire, ther
are other ways,of measurideS and statistically modelling its effedtformones and
developmentanbe influenced by the surrounding environm&herelower SESstatus is
related tohigherHCCs(Essex, Klein, Cho, & Kalin, 2002; Marsman et al., 2012; Palmer et
al., 2013)andbady compositiorfincreased obesityh childhood(Danielzik, Czerwinski
Mast, Langnase, Dilba, & Muller, 2004T.hese relationships warrant further investigation in
future studies.
5. Conclusions

This.is.the firststudythatexaminedDHEA and testosterona children’shair utilising
the ELISA'methodologyA preliminary assessment of the validity of thea@& measures
was conducted vidne identification ohormone associatiortiat were reflective of the
developmental'stage of owaraple as well as the ability tshowcomparable levels of
cortisol with prior research, arah association withnthropometric measureghis study
represents a first step toward validating hair as a metwsuegadogenous levels of DHEA
and testosterone, and demonstr#tas hairhas the potential to be a useful index of cortisol,
DHEA, and testasterone levels in the study of behavior, development and psychopathology,
and particularly in an adrenarcheal (and goeadarcheal) samplEurthervalidationof hair
hormone indicatorsan be achieved viaithin-study comparisons between methods of
hormone. extraction from hair (ELISA versu€-MS/MS), as well as comparisons between
hormone coneentrations in hair withdely used measuresiych asaliva andlood A focus
on validatingsstress and developmental hormones measured by hair would prove useful in

furtherdeveloping the field of psychoneuroendocrinology research.
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Table 1.Descriptive statistics for hormones in haitransformed0-3cm n=114, 3cm

n=39), cortisol(cort), testosterone (TST), DHEA (DHEA), in pgrageraged across sex

Min Max Mean Median SD
Cort (0-3) 0.46 17.99 4.21 2.52 4.09
TST (0-3) 0.18 1.79 0.50 0.40 0.33
DHEA (0-3) 0.71 15.93 3.53 2.35 3.38
Cort (36) 0.75 16.88 0.53 3.93 3.91
TST (36) 0.13 0.76 0.36 0.30 0.17
DHEA (3-6) 0.59 9.89 3.55 2.96 2.16
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Table 2.Descriptive statistics for variables used in analysesansformed hormones in
pg/mg, log transformed hormones in hair pgni@3cm n=114; 3-6cm n=35cortisol (cort),
testosterone (TST), DHEA (DHEA), and anthropometric measavesaged across and

separated by'sex

Mean (SD) Mean (SD) _
Mean (SD) Mean Diff.
Males Females

Cort (0-3) 0.47 (0.35) 0.59 (0.38) 0.39 (0.31) 0.20**
TST (0-3) -0.37 (0.23) -0.25 (0.21) -0.45 (0.21) 0.20%**
DHEA (0-3) 0.42 (0.31) 0.53 (0.32) 0.35(0.27) 0.14%**
Cort (36) 0.64 (0.34) 0.63 (0.4)

TST (36) -0.48 (0.18) -0.47 (0.19)

DHEA (3-6) 0.47 (0.26) 0.47 (0.27)

Height 132.8 (6.10) 133.02 (6.50) 132.64 (5.83) 0.38
Weight 30.17 (5.42) 29.75(5.27) 30.47 (5.54) -0.71
Waist 60.7 (6.63) 60.67 (6.70) 60.82 (6.61) -0.15
BMI 17.02 (2.55) 16.76 (2.39) 17.23 (2.43) -0.47
Age days 3101.33 (120.71 3090.27 (123.08 3109.36 (119.26 -19.09

* significant atithe 0.05 level (&&iled), ** significant at the 0.01 level (filed),

***gignificant at a .001 level (2ailed).
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Table 3.Pearsons correlations betweamntisol (cort), testosterone (TST), DHEA (DHEA)36m (n=114) and 8¢cm (n=3%) segments, log
transformedand anthropometrics (height, waist, weight, BMI)

1 2 3 4 5 6 7 8 9 10
1. |_cort(0<3) -

2. 1_TST.(03) 366 -

3.|_DHEA (0 )

3 .024 544 -

4. _cort(3%6) 605" -303  -.405 -

5.1 _TST(36) .049 657 558 152 -

6. L DHEes -202 587 760  -147 778 -

6)

7. Height 047 171 223 -.240 202 250 -

8. Weight 121 130 061 -.175 118 146 618" -

9. Waist 148 041 -.052 015 .070 .084 364 876 -

10. BM| 121 .054 -055  -.047 014 .019 159 871" 884" -

* significant-at the 0.05 levéPR-tailed), ** significant at the 0.01 level (&iled), ***significant at the .001 level {tailed)
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