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ABSTRACT

Hair cortisol hasithe potential pvovide insight into young children’s lotgrm stress
response to social adversifyhis study investigated associations between children’s exposure
to adversityfrom pregnancy to 2 years of agedtheir hair cortisoht 2 yearsusing a
longitudinal cohert of children enriched for adversity risk, whose mothersrecruited
during pregnancy through the "right@home" trial. Exposuerel8 maternal
socioeconomic'and psychosocial indicators of adverstgmined asoncurrent, cumulative
and longitudinal ‘exposure from pregnancy tears Hair samples were analysed from
319/596 (53.5%) childreparticipating at 2 years. Multivariabtegressioranaly®s for
concurrent exposure showed three indicators of adversigy agsociated with higher hair
cortisol (housing tenure of public rental, paying board or living rent free; noglimia safe
place; higher maternal stress symptoms), one with lower hair cortisolrfgqarsblems),

and 14 indicators witho evidence of association. There was no evidence of assoéation
the cumulative adversity count. Longitudinal exposirewed ‘intermittent’ and ‘persistent’
high maternal stress symptoms were associated with higher hair cdtis@mall number

of associatienssidentified suggekat hair cortisol is limite@s a measure of stress response

to social adversitin childrenat 2 years.

Keywords:. haireortisol, social adversity, adverse childhood experiences, child, stress

1. INTRODUCTION
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Children raised in families experienciagcial adversityare atgreater risk of poar
cognitive, emotional, behawia and physical healthutcomes than themore advantaged
peers(Bauer & Boyce, 2004Goldfeld, O'Connor, Chong, et al., 2QBabates & Dex,

2015). Indicator®f socialadversity can be socioeconomic (éayv parent education, low
income, lewsquality housing and unemployment) or psychosocial (e.g. poor parent mental
health, substance abuse, and family violentkgse socioeconomic and psychosocial factors
includethe"wellestablisheddverse childhoodxperiences (ACEsyvhichreflect

unfavorable conditions within a child’s social environméralifti et al., 1998 and are
hereafter collectively referred to aslicators of adversity. Indicators of adversity often
cluster;whereby children living in families experiencing one type of adversity are more
likely to experience other&oldfeld, D’Abaco, Bryson, Mensah, & Price, 20 S&bates &
Dex, 2015). This cumulative burden is associated with increasingly poor lifeloliy hea
outcomes (Chatrtier, Walker, & Naimark, 20 Babates & Dex, 20150r example, dults
whoretrospectively selfeport agreater totahumber ofACEsare at higher risk adubstance
abuse, obesitycardiovascular diseasggpression and poorer educational and occupational
attainmen{kelitti; et al., 1998Giovanelli, Reynolds, Mondi, & Ou, 2016)hese outcomes
are likely to,be worse the earlier the expog@m®vanelli, et al., 2016).

Severalnterrelatedpotentialpathways have been suggested to explain the biological
link between.ehildhood adversity and health outcomes. These inoflatamaion,
structural changes to the central nervous sysaenelerated cellular ageingnd the
biological stress response systddaiiese &IcEwen, 2012Ehlert, 2013Hertzman &

Boyce, 2010Shonkoff, Garner, & The Committee on Psychosocial Aspects of Child and
Family Health, 2012). The latter is the focus of the present staudlly. e stress resulting
from childhoodadversityhas been associated with alterations in brain structure and
development, functional impairments of mood, memory and cognition, and increased risk of
cardiometabolicand immune disorders (Danese & McEwen, 284@nkoff, et al., 2012).
The stressresponse system, in particular the hypothalaitoitary-adrenal (HPA) axis and

its productien-ef the hormone cortis thought to playa pivotal role inthe linkbetween
adversity andater life outcomegHertzman & Boyce, 201GBhonkoff, et al., 2012)n the

first years ofilife, the HPA axis deergoes developmental changes. Daily patterns in cortisol
production (diurnal rhythm) and regulation of the HPA-axis in response to environmental
exposurestart to emerge, creatingat-term variations in cortisol (Gunnar & Quevedo,
2007).However, measuring lorgrm changes to the stress resp@ystemis challenging
(Dowd, Simanek, & Aiello, 2009).
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An emergingbody of researcls investigating whethetortisol concentrations in hair
canprovide a useful measure of children’s |aiegm stress responge adversity Hair
cortisolmeasures the accumulationawirtisolproduced and incorporated into the growing
hair over a period of time, with each centimeter of hair reflecting one m8tdldér &
Kirschbaum;72012). Hair cortisol is therefore considered to be atdsngmeasure of stress,
compared/to traditional measures (e.g. saliva, plasma and urine) which capeme cur
circulating“cortisol. Variations in hair cortisol may reflebbinges in the stress response a
the result of repeated stress, prolonged stress, or alterations to the b#8&lvas activity
(Danese & McEwen, 201 2cEwen, 1998)While hair cortisolcannotdifferentiate which of
theseunderlyingchangesn stress responsecurs as a result of adversigxkaminingthe
type timing'and persistence of adverse exposures may provide some insighof khe
studiesto datehave focused on crosectionakelationshipsbetween adversity and hair
cortisol, examining a small number of indicators of adversity at a éimegvidence to date
is inconsistent.

Crosssectional associations between adversitytagderchild hair cortisohave
beendemonstrated for a small number of sociodemogragtacacteristicen studies of 1-, 4-
and 6-year.old. children, including low parent education (Ursache, Merz, Melvin, Meyer,
Noble, 2017Vaghri et al., 2013)pow family income(Rippe et al., 201,6Nindhorst et al.,
2017),maternalunemploymeiiKarlén et al., 2015), and parents being of an ethnic minority
(Palmer et al., 201 Rippe, et al., 201,6Nindhorst, et al., 2017Df the few studiesto
examinepsychosocial indicators of adversitgcluding maternal mental heakih age 1, 7
and 10 tal7 yeardFlom, St John, Meyer, & Tarullo, 2016Istad et al., 203,80uellette et
al., 2015 Ralmer, et al., 2013and family violencet 8 yeargBoeckel, Viola, Daruy-Filho,
Martinez, & GrassDOliveira, 2017)pnestudyhasshownevidence for an association
between peor maternal mental health and higher child hair catidoyearPalmer, et al.,
2013). However) studies of children aged 1, 6, 7, 8 and 3 to 18 years have also reported no
association"between individual indicators of adversity and child hair cortisol, ingludi
educationGerber et al., 201 Karlén, et al., 201FRippe, et al., 201,6Vliegenthart et al.,
2016 Windhorst, et al., 2017), income (Ursache, et al., 20aghri, et al., 2013¥amily
violence (Boeegkel, et al., 2017), and mental health (Flom, et al.; @0dtad, et al., 2016
Ouellette, et al., 2015Pnly two studieshave examinedrosssectional associatiosetween
cumulativetotal countsof adverse exposuresd child hair cortisol, both of which found
evidence of an association between a higher total adveasityt and higher child hair

cortisolat 1 yeaKarlén, etal., 2015) and 9 years of age (Simmons et al., 2016).
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The inconsistencies across the current reseaeshbe due to a number of factors.
These findings draw on studies whitdve primarily used cohorts unselected for experience
of adversity (Karlén, et al., 201Rippe, et al., 201,6/Nindhorst, et al., 2017). These cohorts
tend to underrepresent those who are experiencing adyeesit§ting in low variabilityand
low prevalence of adverse exposurks suchmanystudieshaveinvestigated associations
with only @ small number of socioeconomic adversity indicators, asiébw parental
education, low income, or ethnicity (Rippe, et al., 2016ache, et al., 201 ¥aghri, et al.,
2013 Vliegenthart, eal., 2016 Windhorst, et al., 2017), without capturing the broad
spectrum of experiences associated with social adve®iigies to date have retamined
child hair certisael as a measure of stress response to a broad range of botlosomaeand
psychosociaindicators ofadversiy, including ACEs, in ainglecohort.Furthermorethese
studieshave meéasureidicators of adversitgt a single timgooint, and have not used
longitudinal data to examine the persistence of exposure to adversities, and tiegjusabs
associations with child hair cortisol.

The currentstudyaimedto determine whether exposure to advensigassociated
with young.ehildren’s hair cortisolt examinesssociationagffects of the environment
(indicators ef'adversity) on children’s stress response (hair corts@¢count for both the
potentially direct and indiredffect these adversenvironments may have on children, and
to mirrorthe associationaffects examined in the existing literatufée current study uses
comparablanethods to thosesed in the existing research while addressing some of the
field's aforementionedimitations. It does so bgraving on a large cohort of women
recruitedfrom a community settintpr their experience of adversity during pregnancy, and
thar subsequent children at age 2 yeldrgses maternal sefeport of socioeconomic and
psychosocial circumstances to examine young children’s exposure to a broad range of
indicators ‘of adversity in terms of (1) concurr@rbsssectionallexposure at 2 year§2)
cumulative expasure using a total adversity count of concurrent expas@gsarsand(3)
longitudinalrexposure from pregnancy to 2 years, definédea®r’, ‘intermittent’ or
‘persistentiindicators of adversity. Using child hair cortisol at 2 years of age, we
hypothedzed-that (1concurrenindicators of adversity2) a higher cumulative count of total
adversity and (3)intermittent’ and‘ persisteritlongitudinal adversitfcomparedvith
‘never’), would be associatedith higherchild hair cortisol.
2.METHODS

2.1 Design and setting
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Thisis a prospectivéongitudinalcohort study nested within thight@home
randomized controlled triaRCT,; International Standard Randomized Controlled Trial
Number ISRCTN8996212®f nurse home visiting. &ailedstudy methods fathe RCT are
describedn the published protocol (Goldfeld et al., 2017). Methods pertainingetoutrent
studyaredetailed below.

2.2 Participants

The'right@home RCT enrolled 722 pregnant women (Supplementary Figure 1).
Enrolled women wheechild had a hair sample collected for cortisol analgsithe 2year
follow-up assessmemtere includedn the current study. The RCT recruited pregnant women
attending antenatal clinickom 30 April 2013 to 29 August 2014, from p@blic maternity
hospitals in"outer metropolitan and regional aredwofstates irAustralia(Victoria and
Tasmania)Inclusion criteria wer@regnant womewith (i) expected due dadebefore 1
October 2014(ii) less than 37 weeks gestatiiomo their pregnancy at the time of
recruitment (iii) sufficient English proficiency to answer interview questiging, home
addresses within travel boundaries of the staty (v) seHreported two or more of 10
antendal riskfactors including: young pregnan@23 years)not living with another adult;
no supportin‘pregnancy; poor glolalth; dongtermillness, health problem or disability
that limits daily activities; significant stress and coping difficultoid; not complete high
school; no person in the household who currently earns an income; and never having had a
job before. Exclusion criteria were women who (i) were enrollezhiexistinghurse home
visiting program, (ii) did not comprehend the recruitment invitation f@dan intellectual
disability such that they were unaliteconsent to participation, or had insufficient English to
completeassessments), (iii) had no mechanism fottact (telephone or email address), or
(iv) experienced a critical evetftat excluded their participation (e.g. termination of
pregnancy, stillbirth, participant or child death).

2.3 Procedure

Eligiblewomenwereidentified in the antenatal cliniedinvited into the RCT.
Women whesechose to enroll provided informed consentcantpleteda comprehensive
baselinanterview during pregnancy. Annuéllow-up assessments were conducted at 1 year
(between child,ages 1117 months) and 2 yearbdtween childages23-28 month¥, each
comprising annterview about women'’s health, wellbeing, socioeconomic and psychosocial
circumstancesThe 2year followrup assessment also included collection of chalid h

sampls. All interviews were conductethceto-faceat participants’ homesy trained
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researchert minimize participant burden and the potential impact of low litefaay
women who can speak English but may have trouble reading or writing).
2.4 Measures
2.4.1 Hair cortisol concentrations

Hair'samples wertaken froml-4 portions cut from the posterior vertex region of the
scalp, based on international standard practice, wiareshows the most uniform growth
rates(Stalder & Kirschbaum, 2012n some casehildren’s hair was too short at the
posterior vertex region arfthir samples were collected frahe temporal, or parietal regions
of the head,,or,a combination of bottne first 3cm of hair cut closest to the scalp were
analyzed, to_approximate three months of hair growth and therefore cortisol podTice
Australiandaboratory Stratech Scientific analyzed the samples. Samples were weighed,
mechanically crushe@nd methanol was used for extraction. Samples were thenathded
reconstituted in phosphabedfered salindor analysis The cortisol wasnalzedin duplicate
using a commercially availab&nzymelinked immunosorberdssay ELISA) (Salimetrics,
USA,; limit'ef detection 0.007 ng/dL) according to the manufactuieinstructions. Intra- and
inter-assay.coefficiestof variability were5.4% and 6.0% respectively, indicating high
precision of.the.assay¥alues are expssed as a single continuous concentration of cortisol
in pg/mg of hairtransformed to the natural log due to positive skewness.
2.4.2 Indicatorsof adversity

Indicators ofadversity (Table 1) erederived frommaternal selfeport of
socioeconomic and psychosocial circumstances. Theseepated measuresllectedat
baseline, 1and2-year assessmentwith some exceptiongems relating tstable maternal
characteristics aéthnicity, age during pregnancy and highest level of educatene
measureanly atthe baselin@ssessmermtnd due to changes in data collected over time for
the largeRCT, maternal employment waseasureanly atthe baseline and-ygear
assessmestand financial hardshipas measurednly at the 2rearassessmenAll
measuresfadversityincluded in the current studyere selectetb capture the broad range
of exposuressassociated with adversity, and foeitigting evidence of their detrimental
impact on.ehild healtfS. Goldfeld, et al., 201&. Goldfeld, M. O'Connor, S. Chong, et al.,
2018 Goldfeld;,O'Connor, O'Connor, et al., 20Gdldfeld, et al., 201 Price et al., 2017).
This included measures of adversity which have previously éxeminedn the literature
for associations with child hair cortisol (highest level of education, household income,
currently employegdethnicity, family violenceand mental healttymptom$, and those which

have not previously been examineddssociations with child hair cortisdout have a
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theoretical basis for a potential effect on children’s stress response due to their broader
detrimental impact on child health (age at pregnancy, marital status, htersing, drug and
alcohol problems, smoking, living in a safe place, housing problems and financial hgrdships
The measures usegkrelimited to those collected by the larger RCT, yet theeee still
comprehensivergiven the trial's focus on early adversity.

To addresghe firsthypothesis, concurrent indicators of adversity measatr@d/ears
were examinedethnicity, age during pregnancy and highest level of education measured at
baseline) Ehesewere 15categoricahdversity measures, dichotomizedygnerate indicators
of adversity.and threenental health symptom scor@epression Anxiety and Stress Scales
(DASS, Lovibond & Lovibond, 1995) examined as continuous exposures. Indicators of
adversity were defined identify mothers who were most likely to be experiencing
adversiy, with dichotomized categories reflecting greater adversity versus less (described in
Table 1).

To address theecond hypothesisumulative adversitwas examined assingle
aggregateountof adversityindicatorsat 2 yearsThisincluded dichotomizing the three
subscale scores ftine Depression Anxiety and Stress Scales (DASS) into the top 15% of
sympom severity versus the bottom 85% based on populegfmesentativeata(Henry &
Crawford, 2005). For each participaal, dichotomizedndicators ofadversity were tallied to
create an 1-#tem total adversity courdt 2years This total aggregate was designed to mirror
existingresearch which has used total unweighted item counts to define “vulnerability” o
“risk-factor” scorego identify those at higher risk of poor outcomes. The utility of this type
of aggregate has been demonstrated in previous child hair cortisol sKaliés (et al.,

2015 Simmons, et al., 2016), and more broadly in the literature dsimating associations
between higher total counts and poorer child and adult health outcomes, including studies
using total'‘counts 0ACEs (Chartier, et al., 201Felitti, et al., 1998Giovanelli, et al., 2016
Sabates & Dex,2015).

To address the third hypothesis, examining longitudinal exposure to adirensity
pregnancystes2«years, persistence of each adversity was defined usirghtiterdous
adversity indicatorat each of the three tiroints; pregnancy, and2 years. The
persistence ‘ofieach adversity was categorizétea®! (no adverse exposure at any of the
three time points)j ntermittent (adverse exposure occurred at any one or two time points),
and‘persistent(adverse exposure occurred at all three time poilmtdine with the timing of
collected measures, there wemane exceptions to this categorizatiddyversity indicators

that aremostly stable over time (maternal ethnicigungage afpregnancy antbw
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maternal education at baseline) were examinédeagr vs ‘persisterit Persistence of
maternal unemployment was defined using @h&two timepoints at which it was
collected; pregnancy and 2 years, categorizedeag! (no exposue at either time point)
‘I ntermittent (exposure at either one time point), dpdrsistent(exposure at both time
points). Finaneial hardship was examined only as exposure at 2 years, as lorigiatdina
werenot availableOnce arived there were three indicators for which the ‘persistent’
category included fewer thd® participants (alcohol problem, n=1; does not live in a safe
place, n=3; high depression symptoms, n=9); as such,wegsecombinedavith
‘intermittent’ to,produce onenitermittentpersistentcategory.
2.4.3 Potential confounders

Potential'confounders were selecéggtiori in line with previously identified
covariatef hair cortisol concentration amdthin the range of variables collected for the
larger RCT. These included child ad@@ettenborn, Tietze, Kirschbaum, & Stalder, 2052
(Dettenborn, et al., 201%ray et al., 201,8Simmons, et al., 2016) and seasonaif Bample
collection as a proxy for sun exposure (Wester, van der Wulp, Koper, de Rijke, & van
Rossum, 2016):'Season of hair sample collection was categorized by month according to
Australian‘'seasons; Summer (Decembebruary), Autumn (MarcMay), Winter (June
August), Spring (Septembé&levember) Site on the head the hair sample was taken from
(posterior vertex/temporal/parietal/combined tempanral parietaljvas included to account
for variation in hair growth rates across different regions of the sstdfdér & Kirscbaum,
2012). Although there were no observed effects of the intervention on hair cortisol in any
analyses (see results Tables 4, 6 and Supplementary TRGI€sandomizatiomllocation
(program group/usual cares included in all adjusted analysesddressanyeffects of the
study design. While it is good practice to adjust for factors like hair cotbnashing, the
larger RCT.did not collect data on these characteristics and current evidence suggests any
influences'of these potential confoundars minimal(Gray, et al., 201;8Stalder et al.,
2017).
2.5 Statistical-Analysis

Forall participantsvho completed a follow-upssessmerdt 2 yearscharacteristics
were comparetdetween womewho did and did not provide a child hair sample using chi-
square tests (categorical measures) drdts (continuous measures).

To test the first hypothesis, unadjusted and adjusted univaliizderegression
analyses werasedto examinghe associationsetween eacboncurrenindicatorof

adversityat 2 yearandchild hair cortisolconcentratiosat 2 yearsAn adjusted
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multivariable linear regression model whenspecified including alindicators of adversity
as explanatory variablgbased orxistingevidence fotheir associationsvith adverse child
health outcomefegression coefficients, confidence intervalsapues and partiaf
coefficients are reported for eaativersityindicator.To test thesecond hypothesis,
unadjusted-anddjusted linear regression analyses were used to examine the association
betweerthecumulativeadversity counat 2 yearsand child hair cortischt 2 yearsTo test

the third hypothesighe univariable and multivariable modedpecified to examine
concurrentiadversity were repeated ushmgderived longitudinal indicators of adversity
from pregnancy.to 2 years. These models were used to examarenittent and ‘persisterit
exposure oeach adversity indicatpcompared with ‘never’ as the reference categéfighin
this modelyradversity indicators that are stable over time (maternal ethnicity, age during
pregnancy and maternal education) were examined ofnheesstentexposure, and
financial hardship was examined only'@sposure at 2 years'.

Adjusted analysesccounted for potential confoundeas describedensitivity
analysesvere conductedtall stageto compae the results exclung participants whose
hair samplswere not collecteddm the posterior vertex regiam line with standardractice
(Stalder &'Kirschbaum, 20)2Multiple imputation methods were usedatount for
missingadversity datacross the 319 children with hair cortisbhe rateof missing data
across all indieators of adversity at 2 years was 1.1%,fanmtlily violence (n=9, 2.8%)
having the highest rat#f missing dataThe rate of missing datar longitudinal adversity
was3.0%, with housing problems (n=24, 7.5%) having the highestMatiéple imputation
models included all indicators of adversity, confounders and hair cortisol variales;
datasets were imped bychained equations. Results of the imputed data were visually
compared to those for children with complete distimimal differences were observed
between the complete cases, sensitivity and multiple imputation analjieesfore, esults
for the complete'case analysespresented in the main tablésaples3-4) and results for
the sensitivityrandmputed multivariable modghrepresented in supplementanaterial
(Supplementaryables 1-2).Data were analed using Stata 14.1 (StataCorp, College
Station, TX):

Ethical approval: This study was approved by the Human Research Ethics Committees of
The Royal Children’s Hospital (HREC 32296); Peninsula Health (HREC/13/PH/14); Ballarat
Health Services (HREC/13/BHSSJOG/9); Southern Health (HREC 13084 Xhexort

Health (HREC P03/13) in Victoria, and The University of Tasmania (HREC HOO0LHIL3)

Australia.
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3.RESULTS
Of the722womenenrolled in right@home, 596 (83%ympleted th-yearfollow-

up assessmerior 603 children, including pairs oftwins (Supplementaryigure 1) Hair
samples were collected from 3B03children(53%). The nain reasons for child hair
samples not being collected were thatgheicipantdeclined(n=109, 18%), the child did not
have enough haie(g.too short or too sparse:=89, 15%), or thee was napportunity (e.g.
thechild wasna at the assessmem=41, 7%). The mothers whose children did not have a
hair sample collectedt the2-year follow-up weresimilar to those whee childrerdid (Table

2); howeverhair,sampls were less likely to beollected ifa mothemwasyoungduring
pregnancy<€23-years)spoke a main language other than Englisiheochild wasmale
becausdoysweremore likely to have hair that was too shorttdlect Children’s ages
ranged from 23 to 29 months at the time of hair sample collection (mean=24.2, SD=0.9
months).Hair samples were collected from the posterior vertex refgio@3% of the
samplesCoitisel,concentrations were analyzed for all 320 hair samples and 319 children
were included.in.the final analysis. One sample had cortisol levels below the detectable level
of the assay"and was excluded from the analysis.

Unadjustedinivariable regressioanalysesf concurrent adversity indicators at 2
yeas (Table 3)showed thatnaternalreport of not living in a safe plaseas associated with
higher childshair cortisol, with mmean differencef 0.60in log transformed cortisol
concentratiorimean difference) = 0.60, 95% confidence intervall) = 0.09to 1.10, p =
0.021).This association was maintained after adjusting for potential confounders ( = 0.57,
95% CI =0.08 to 1.07, p=0.0R3here was natatisticalevidence otinivariable
associations betwaehair cortisol and the other 17 concurrent indicators of adversity, in
either the unadjusted or adjusted analy$hs. nultivariable regressigrincluding all
concurrentadversity indicatoas 2 years in a single mod@lable 4) showed that housing
tenure ofspublicrental, paying board or livirent free(fp = 0.36 , 95% CIl= 0.0%0 0.67, p =
0.020, not living in a safe place (f = 0.66, 95% Cl=0.13 to 1.20, p = 0.016), and higher
maternal stress symptoms (f = 0.07, 95% CI= 0.02 to 0.12, p = 0.010, for each one point
higheronsthe DASS stress scale) wassoatedwith higher child hair cortisol, accounting
for 2.0%, 2.2%vand 2% of the variance in hair cortisol respectivedReport of housing
problemswasassociated with lower child hair cortisol (f =-0.33, 95% CI=-0.63 to -0.02, p
=0.034) accounting for % of the variance in hair cortisd®esults of the sensitivity

analysis, excluding those who did not have hair collected from the posterior veitexaot
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the scalpSupplementary Table 1), showed equivads#o@tions with hair cortisol except
thatthe strength of the association for housing probleass attenuated he results of the
multiple imputation analysi€Supplementary Tablg) showed no substantivédfdrences to
the results for children witbompletedata

The eumulative count of total adversity risk ranged from 0 to 15 of a possible 18
(Median = 31QR=2 to 5). Thee was no statistical evidentteatthe cumulative adversity
countwas associated with differences in child hair cortisol, in eitheurlaejustedp = -

0.001, 95% CI =-0.04 to 0.04, p = 0.98)adjusted analysép = -0.01, 95% CI = -0.05 to
0.03, p=0.5%

Unadjusted univariable regression analyses of longitudinal adversity inditrators
pregnancyto/2 years (Table 5) showed thate was no statistical evidence of associations
between persistence ekposure to any adversity indicator and child hair cortisol. The
multivariable regression, including all longitudinal indicators in a single madaéle 6)
showedintermittent and ‘persistent exposure to high maternal stress symptoms were
associated\with higher child hair cortignimpared to thoseever exposed‘Persistent
exposuréf=1.35, 95% CI = 0.46 to 2.24, p = 0.00showeda stronger effect than
‘i ntermittent exposurgp = 0.38, 95% CI = 0.02 to 0.73, p = 0.03Results of the sensitivity
analysis(Supplementary Table 2), excluding those who did not have hair collected from the
posterior vertex region of the scalp, showed equivalent associations for nieaalyeasity
indicators, except associations were slightly more evident between ‘intermittent/persistent’
high depression symptoms and lower hair cortisol compared to those who were 'never
exposed; and ‘persistent’ income from benefit, pension or no income and lower hait cortis
compared to those who were ‘never’ exposed. The results of the multiple imputaty@isana
(Supplementary Table 2) showed equivalent associations to the complete chses ana
except an ‘association between ‘intermittent/pensistegh depression symptoms and lower
hair cortisol. compared to those who were never' exposed was slightly more evident (f = -

0.33, 95%"CI==0.65 to -0.01, p = 0.042
4. DISCUSSION

In-alarge cohorof 2-yearold children,whose mothers were recruited from a
community setting for their experience of advergtgre wadimited evidence thagxposure
to indicators of adversity from pregnancy to 2 yearsagsociated withigher child hai
cortisol. When independeassociationsvereexamired for the 18concurrenindicators of

adversityat 2 yearsthree wereassociated with higher child hair cortisol (housing tenure of
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public rental or boarding, maternal report of not living in a safe place and matezsal s
symptoms) onewas associated with lowehild hair cortisol (housing problemaind there

was no evidence of association for the 14 other indicators of advdis#isewasno

evidence of association betweeaumulative count of adversity indicat@s2yearsand

child haircertisel. When independent associations were examined for the longitudinal
exposure to indicators of adversity, omyermittent and persistent exposurénigh maternal
stress symptomasereassociated with highehild hair cortisol, and there was no evidence of
assoaations for the other 17 indicators.

Thesefindings reinforce the inconsistent relationship between hair cortisol and
exposure to. adversity found in previaesearchin 11 studieghat examinedbetween one
andfour indicators of adversity, four report@d associationgith hair cortisol(Boeckel, et
al., 2017 Flom,"et al., 2016Gerber, et al., 201 Dlstad, et al., 2016Jive reported
associations witlene indicator Quellette, et al., 201%almer, et al., 203®Jrsache, et al.,
2017 Vaghri, et al., 2013Vliegenthart, et al., 2016), amdo studies reportedssociations
with two indicators (Rippe, et al., 201®9/indhorst, et al., 2017YVhere associations are
reported often.they are not replicated by other studies.examplePalmer, et al. (2013)
demonstrated.that higher maternal stress symptoms were associated with higher child hair
cortisolat1 yearhoweverthis was not replicated in other studies with childreh yar
(Flom, et al.,.2016), years(Ouellette, et a) 2015), or 10 to 17 years (Olstad, et al., 2016).
The Generation R cohart Rotterdanfound lower household income and parents being of
an ethnic minoritywvere associated with higher child hair cortisol at age 6 ybatslid not
find an association with parental education or single parenthood (Rippe, et al., 2016
Windhorst, et al;, 2017). Vaghri, et al. (2038)nd lower parental education was associated
with higher child hair cortisol at 4 years but did not find an association with household
income or'single parenthood.

Of the.two previous studies to examine a cumulative count of adversity indicators
both found-anassociation with higher child hair cortisol (Karlén, et al.,; ZdbBnons, et
al., 2016),.whereas we did not. The current studyner examineéssociations between
longitudinal-adversity exposures and child hair cortisol. Similar to the cumdngravious
crosssectionakfindings, there was limited evidence of associatiWhge the current study
did identify a small number of associations between indicators of adversity &htaihi
cortisol, these were not consistaetoss the broad range of exposures exananddnany
showed no evidence of association. Given the large number of exposures examined and

multiple statistical testused in the current studyithin those associatiorthat were
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identified some may have been chance findifigss reinforceghe premisehat associations
between indicators of adversity and child hair cortisol are limited.

The current study and previous resedralie examinecdhdicators of adversity and
children’shair cortisolastotal associational effectsf the environment on children's stress
responser Fhigmited and inconsistent associatiagoss these studiesaybe due to the
indirect,complexpathways through which children experience and respond to their early
environments. For example, warm and responsivergingcompared to harsh or chaotic
parentinghas been showe protective in the associatibetween earlgtressful
environments and childrerdologicalstress responsmeasured in salivary cortis@Gunnar
& Quevedo, 200;/Tarullo & Gunnar, 2006Taylor, Lerner, Sage, Lehman, & Seeman,
2004).These same modifying effects of matenpatenting could also be expected to play a
role in the associations between early environments and children’s haokdntiaddition,
research has demonstrated associations between maternal and child hai(Etmisat al.,
2014 Olstad, et al., 2016 uellette, et al., 2015), suggesting the important intteehat
maternalongtermstresgesponsenayalsohave.Whether these parental influences are due
to genetic heritability oshared environmental exposures is as yet unknowrisard
important future direction for the field of child hair cortisol research.

Furthermore, children's perceptions of stressful experiences and the ragpondi
biological systems may ngetbe sensitiveo adversitis experiencetly the family.With
regard to the responding biological systeneseliopmental research has suggested that the
stress responsgystemmaybe least responsive emvironmental stressors in the first years of
life, possibly as a protective factor during sensitive devetopal periodgfGunnar &
Quevedo, 2007Tarullo & Gunnar, 2006). With regard to children's perceptions, the previous
research and thaurrent study have focused on adverse socioeconomic and psychosocial
exposures.as potential stressors. These do not take into account whether childitgn actua
experiencé.or.péerceive such environments as stresbéiting a physiological stress
response. Thisimay explain the inconsistent associations between adversity endisal.
However, thesaim of the current study was not to define exposures as those mott likely
elicit a stress response, but rather to examine a broad range-establlishd indicators of
adversity, to'determine whether hair cortisol paovide insight into how adversity affects
the biological stress response of young children. In this regssdgciations with hair cortisol
arelimited.

A strength of this study isé unique cohort of young children whose mothers were

recruited for their experience of adversltysing a cohort enriched for risks in this wagant
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that the adversitieeported in the current study were more prevalent than in previous studies,
which have primarily used population cohorts unselected for advedtsigptured a diverse
cohort in terms of the number of risks experienced, with women reporting betweemder

15 indicators of adversity (of a possible total of 18) when their child was twogldaend a
subgroup=0f:26:(8%) women reporting no indicators of adversity at 2 yearsl®kiedthe
current study to examireecomprehensive range of sociodemographic and psychosocial
adversity indicators, including ACEs.dkamined novel associations between maternal drug
and alcohal use, housing tenure, housing problempameived safetwith child hair

cortisol, while also mirroring adversity measures and aggregate total cooislyg used

across the'existing literature

Thig'study was also novel in examining longitudinal exposure to adversities.
Alterations in hair cortisol are thought to reflect changes in the stressisesp® the result of
repeated stress, prolonged stress, or alterations to the baselirexidBétivity (Danese &
McEwen, 2012McEwen, 1998)Eachof these may depend on ttype timing and
persistence of the exposure to adver8tyexamining a broad range aflversity indicators
anddifferentiating concurrentumulative and longitudinal exposutes study was able to
identify that,thetlype timing or persistence of exposure did not explain differences in
associations witkehild hair cortisal Across all analyses exposuceadversity did not appear
to be associated withe proposedhanges in stress responsertker, by examining hair
cortisol at 2 years, this study captured the early stages of developmentdienrse
experiences have the greatest potential for detrimental efeictganelli, et al., 2016). The
current findings highlight that although the effects of adversity can be eatihi$ young
age, the stresgesponse measured using hair cortisol may not explairtiese early
experiences “get under the skin”

A limitation of this study washe low frequencies for some adversity indicators,
despite the targeted recruitment of this cohgdwever, the stable coefficient estimates and
narrow confidence intervals acrassadjusted and adjustadalyses suggest that those small
group numbers‘were not masking an effect on hair cortisol. The bsefahaternal se
repored measure® identify adversity indicators may have oversimplified women'’s
experiences orled to subjective reportiHgwever, thiss abroadedimitation of research
examining adversitywhichis highly reliant orself or parental-report. The current study
aimed to minimize the potential effects of s&port bycollecting all measures
prospectivelyreducing potential recall biasndassessinghaternal circumstances in broad

terms as part of a comprehensive assessment of their health and wellbeing.
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A furtherlimitation was theb4% collection of child hair samples, potentially
reflecting uptake bias. However, as described, 25% of those who did not have a sample
collected were due to practical reasons (not enough hair, no opportunity, child did not
comply) whilke only 18% of mothers declined. Those who did not have a sample collected had
similar characteristics across the adversity indicators to those who digrddmaminant
difference/was in those who spoke a main language other than English. As a réssilt of t
and more broadly due to tRCT exclusion criteridor women withinsufficient English to
completeassessmentthe findings of this study may not generalize to women living in
Australia whoare from a non-English speaking backgroufidally, a broadelimitation of
child hair certisal research is the lack of normative data and reference tamgespare this
study cohert to. Currently, hair cortisol concentrations are dependent on the laborator
procedures and assays used, meaning hair cortisol data cannot be comparedtamtsss ¢
(Stalder, et al., 2017).

The current field of hair cortisol research would benefit from alarrof future
research directions. Longitudinal examination of these associations a¢fesntiperiods of
child develepment, and mapping individual trajectories of child hair cortisol usihm-
cohort repeated measungsuld provide further insight into how these associations develop
over time. Continued follow-up of this cohort through the broadet@home trial, with
ongoing child-hair cortisol collection at ages 3, 4 and 5 years, will allow thentdindings
to be extended to examine thésegitudinal trajectories-urthermore, the findings of the
current study highlight the importanceesfaminng the role oparental influences such as
parenting behaviorand parent hair cortisabn the associations betweadversity and child
hair cortsal.

5. CONCLUSION

The lifetime health consequences of early childhood exposure to adversitylis a we
established-population health issue. These consequences are often attributedetssthe st
nature of early adversity and the subsequent effects on the HPA axis and itsignoafuct
cortisol. However, measuring this to understand how adversity “gets under the skanigem
challenging. In this studyhair cortisol measured iny&arold childrenproved limited as a
measure of children's stress respdosearly adversity. These findings are important as
interest inchildhood biomarkers such as hair cortisol is growing, yet inconsistenoiagre
regardingtheir use and interpretation. Future research may heliisentangle whether

inconsistencies in the research reflect limitations of hair codsal measuremeat young
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children’s stress response vanether these inconsistencies are a result of the complex and
varyingassociations between adversity and childiemg-term stress response. This remains
an important challenge falevelopmental research and chikehlth and is critical for
understanding the biologicalechanisms which underisacial health disparities.
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Table 1. Measures of maternaddicators of adversity.

Measure

Indicator of adversity

Age at pregnancy

Highest level of education

Marital status

Household income

Currently'employed

Housing tenure

Age in years calculated from year of birth.

Categorised as young agepatgnancy (<23 years, adverse) vs r@3(years, not adverse) (Hobcraft
& Kiernan, 2001).

Highest level of educational attainment.

'Did not complete high school or any further training' (adverse) vs 'Completed high actbmlany
further training' (not adverse).

Marital status.

'Single, not living with partner, separated or divorced' (adverse) vs 'Livthgoartner or married'
(not adverse).

Main source of household income.

'‘Benefit, pension or nmcome' (adverse) vs 'Paid employment’ (not adverse).

Currently employed.

'‘No' (adverse) vs 'Yes' (not adverse).

Type of housing tenure.

'Public rental, paying board or living rent free' (adverse) vs 'Fully ownedj parchased or private

rental’ (not adverse).
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Measure

Ethnicity

Aboriginal orTorres Strait

Islander

Drug problem

Alcohol problem

Currenty-=smokes

Family violence

Live in a:safe place

Housing problems

Indicator of adversity

Selfreport of main language spoken at home as an indicator for being of an ethni¢yminori
'Main language other than English' (adverse) vs 'English as main lah{nagelverse)
Aboriginal or Torres Strait Islander.

'Yes' (adverse) vs 'No' (not adverse).

Single item selreport of ever had a drug probleKefmper &Kelleher, 1996).

'Yes' (adverse) vs 'No' (not adverse).

Single item selreport of having a drinking problem in the past year (Kemper & Kelleher, 1996).
'Yes' (adverse) vs 'No' (not adverse).

Single item selreport of being a current smoker.

'Yes' (adverse) vs 'No' (not adverse).

Selfreport that partner or any other family member pushed, punched, kickedthngaiened mother
in the past year, and self-report of feeling threatened in home in the pa@{geaer & Kelleher,
1996).

'Yes' to either (adverse) vs 'No' to both (adterse)

Single seHlreport item of living in a safe plaggemper & Kelleher, 1996

'‘No' (adverse) vs 'Yes' (not adverse).

Selfreport ofhousing problems, including overcrowding, lead, mould, rodents, being threatened with
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Measure

Financial'hardship

Mental health symptoms;

depression, anxiety and stress.

Indicator of adversity
eviction.

'Yes' (adverse) vs 'No' (not adverse).

6-tem measure from the Longitudinal Study of Australian Children (LA tralian Institute of
Family Studie¥ 'yes'/ 'no' report that any of the following happened in the past 12 months due to
shortage of money: adults or children went without meals; they were unable to heattbeicool
home; they pawned or sold something; or they sought assistance from a wetfareraunity

organisation.

Categorized as '2 or more hardships' (adverse) vs 'One or none' (not adverse).

DepressionAnxiety and Stress Scales (DA%SIS)vibond & Lovibond, 1995). 2item measure, rated
on a 4point scale (‘'not at all' to 'most of the time') assessing the negative emotional states of
depression, anxiety and tension/stress. Three subscales (7 items eaclssiDephaxiety and Stress

Scales. Higher scores indicate greater symptoms, and thus, more adverse circumstances.

Categorized a®p 15% scores (adverse) vs Bottom 85% (not adverse) based on population
representative dai@enry & Crawford, 2005).
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Table 2. Qaracteristicand 2-year indicators of adversdfthose followed up at 2 years with hair samples collected compared to those without.

Child hair cortisol sample No child hair cortisol sample  p-valué
collected collected
N (%) N (%)
Maternal characteristics N=319 N=277
Age at pregnancy, years (mean (SD) [Range]) 28.1 (6.1), [15.7-49.2] 27.3 (6.3), [14.5-46.2] 0.11
Gestation‘at birth, weeks (mean (SD) [Range]) 39.1 (1.7), [31.7-43.7] 39.0 (2.0), [27.4-42.3] 0.28
Randomizatiorstatus
Program Group 173 (54.2) 133 (48.0) 0.13
Usual Care-Group 146 (45.8) 144 (52.0)
Indicator s of adversity at 2 years N=319 N=277
Age at pregnancy
> 23 years 239 (74.9) 187 (67.5)
< 23 years 80 (25.1) 90 (32.5) 0046
Highest level of education
Completed high school and/or any further training 228(71.5) 196(71.0)
Did not.complete high school or any further training 91(28.5) 80(29.0) 090
Marital status
Living withgpartner or married 217 (68.0) 189 (68.5)
Single, not'living with partner, separated or divorced 102 (32.0) 87 (31.5) 091

Household income
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Child hair cortisol sample

No child hair cortisol sample

p-valué

collected collected
N (%) N (%)

Paid employment 178 (55.8) 141 (50.9)

Benefit, pension or no income 141 (44.2) 136 (49.1) 023
Currently employed

Yes 108 (34.7) 81 (30.0)

No 203 (65.3) 189 (70.0) 023
Housing tenure

Fully owned; being purchased or private rental 258 (80.9) 215 (77.9)

Public rental, paying board or living rent free 61 (19.1) 61 (22.1) 037
Ethnicity

English"as=main language 297 (94.3) 238 (88.2)

Main language other than English 18 (5.7) 32 (11.9) 0008
AboriginalorTorres Strait Islander

No 299 (93.7) 256 (93.8)

Yes 20 (6.3) 17 (6.2) 0.98
Drug problem

No 269 (86.2) 222 (85.1)

Yes 43 (13.8) 39 (14.9) 0.69

Alcohol problem
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Child hair cortisol sample

No child hair cortisol sample

p-valué

collected collected
N (%) N (%)

No 306 (97.5) 252 (96.6)

Yes 8 (2.6) 9 (3.5) 053
Currently smokes

No 208 (65.4) 170 (63.2)

Yes 110 (34.6) 99 (36.8) 058
Family violence

No 246 (79.4) 212 (81.5)

Yes 64 (20.7) 48 (18.5) 051
Lives in a'safe place

Yes 296 (95.2) 242 (92.7) 0.2

No 15 (4.8) 19 (7.3)
Housing problems

No 259 (81.2) 226 (82.5)

Yes 60 (18.8) 48 (17.5) 069
Financial hardships

Oorl 256 (81.3) 207 (78.1)

2 or more 59 (18.7) 58 (21.9) 035
Depression symptoms (mean (SD) [Range]) 2.2 (2.9) [0-20] 2.2 (3.1)[0-20] 0.79
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Child hair cortisol sample

No child hair cortisol sample

p-valué

collected collected
N (%) N (%)
Bottom 85% of symptom severity 276 (87.6) 237 (89.4) 0.50
Top 15% of.symptom severity 39 (12.4) 28 (10.6)

Anxiety symptoms (mean (SD) [Range]) 1.9 (2.7) [0-14] 2.1 (2.9) [0-17] 0.52
Bottom 85% of symptom severity 257 (81.6) 203 (76.3) 0.12
Top 15%of'symptom severity 58 (18.4) 63 (23.7)

Stress symptoms (mean (SD) [Range]) 4.5 (3.6) [0-19] 4.3 (3.7) [0-19] 0.42
Bottom 85% of symptom severity 279 (88.6) 227 (88.7) 0.30
Top 15%.0f symptom severity 36 (11.4) 38 (14.3)

Child Characteristics’ N=320 N=283

Age, months«(mean, SD [Range]) 24.2 (0.9) [23.1-29.0] 24.3 (1.2) [23.1-32.3] 0.08

Gender
Male 134 (41.9) 160 (56.5) <0.001
Female 186 (58.1) 123 (43.5)

Hair samplecharacteristics N=319

Hair cortisel;pg/mg (mean, SD [Range])
Season of"hair sample collection
Summer

Autumn
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Child hair cortisol sample No child hair cortisol sample  p-valuéd

collected collected
N (%) N (%)
Winter 88 (27.6)
Spring 69 (21.6)
Location af hair sample collection
Posterior vertex 266 (83.4)
Temporal 21 (6.6)
Parietal 30 (9.4)
Combined-temporal & parietal 2 (0.6)
1t p-value.for/chisquare tests (categorical measures) agsts (continuous measures) comparing women who did and did not provide a child
hair sample
1 Top 15%-ef symptom severity compared to bottom 85%, based on population representatideratat& Crawford, 2005 ).

8 7 sets of twins included in child characteristics. One set both with child haicteall One set with one having hair collected. Five with neither
having hair-collected.

Table 3.;Univariable associations betweencurrent indicators of adversity and child hair cortisol concentratidryears

Child hair cortisol Regression Regression
(log transformed pg/mg) Unadjusted Adjusted *
Indicators of adversity N Mean SD s 95% ClI p-value s 95% CI p-value
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Child hair cortisol Regression Regression
(log transformed pg/mg) Unadjusted Adjusted *

Indicators of adversity N Mean SD S 95% ClI  p-value ¢ 95% CI  p-value
Age at pregnhancy

> 23 years 239 1.09 0.96 ref - - ref - -

<23 years 80 1.02 1.02 -0.07 -0.32; 0.18 0.56 -0.06 -0.30; 0.18 0.60
Highest level of education

Completed highschool and/or any further training 229 1.07 0.98 ref - - ref - -

Did not complete.high school 90 1.10 0.98 0.03 -0.21; 0.27 0.82 0.02 -0.22; 0.25 0.90
Marital status

Living with partner or married 217 1.08 0.98 ref - - ref - -

Single, not living with partner, separated or divorct 102 1.06 0.98 -0.02 -0.26; 0.21 0.84 -0.03 -0.25; 0.19 0.79
Household income

Paid employment 178 1.10 0.99 ref - - ref - -

Benefit, pensign or no income 141 1.05 0.96 -0.05 -0.27; 0.16 0.63 -0.10 -0.31; 0.12 0.38
Currently employed

Yes 109 1.11 1.03 ref - - ref - -

No 202 1.06 096 -0.05 -0.28; 0.18 0.66 -0.11 -0.34; 0.11 0.32
Housing tenurée

Fully owned, being purchased or private rental 259 1.03 0.96 ref - - ref - -

Public rental, paying board or living rent free 60 1.27 1.01 0.24 -0.04; 0.51 0.089 0.18 -0.09; 0.45 0.19
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Child hair cortisol Regression Regression
(log transformed pg/mg) Unadjusted Adjusted *

Indicators of adversity N Mean SD S 95% ClI  p-value ¢ 95% CI  p-value
Ethnicity

English as mainJdanguage 296 1.04 0.97 ref - - ref - -

Main language other than English 19 1.37 1.07 0.33 -0.12; 0.78 0.15 0.32 -0.14; 0.77 0.17
Aboriginal or Torres Strait Islander

No 299 1.08 0.99 ref - - ref - -

Yes 20 0.97 081 -0.12 -0.56; 0.33 0.61 -0.12 -0.56; 0.32 0.60
Drug problem

No 269 1.09 0.97 ref - - ref - -

Yes 43 0.99 1.08 -0.10 -0.42; 0.22 0.54 -0.13 -0.44; 0.18 0.40
Alcohol problem

No 306 1.07 0.98 ref - - ref - -

Yes 8 1.33 1.10 0.26 -0.43; 0.95 0.45 0.21 -0.46; 0.88 0.53
Currently smokes

No 208 1.08 0.98 ref - - ref - -

Yes 110 1.07 098 -0.01 -0.24; 0.21 0.91 -0.06 -0.28; 0.16 0.59
Family violence

No 246 1.08 0.98 ref - - ref - -

Yes 64 1.01 0.98 -0.07 -0.34; 0.20 0.60 -0.09 -0.35; 0.18 0.51
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Child hair cortisol Regression Regression
(log transformed pg/mé) Unadjusted Adjusted *
Indicators of adversity N Mean SD S 95% ClI  p-value ¢ 95% CI  p-value

Livesin a safe place
Yes
No

Housing problems
No

Yes

Financial hardships
Oorl

2 or more

Depression symptoms (continuous, per point in sca
Anxiety symptoms+(continuous, per point in score)

Stress symptom&ontinuous, per point in score)

296 1.04 0.97
15 1.63 0.96

259 111 0.98

60 0.93 0.96

257 1.06 0.99
58 1.11 0.93
314 1.07 0.98
314 1.07 0.98
314 1.07 0.98

ref - -
0.60 0.09; 1.10 0.021

ref - -

-0.18 -0.46; 0.09 0.19

ref - -

0.05 -0.23; 0.33 0.73
-0.01 -0.05; 0.02 0.48
-0.01 -0.05; 0.03 0.51
0.01 -0.02; 0.04 0.50

ref - -
0.57 0.08; 1.07 0.023

ref - -
-0.53;
-0.26 0.005 0.054

ref - -
-0.005 -0.28; 0.27 0.97
-0.01 -0.05; 0.02 0.42
-0.01 -0.05; 0.03 0.67
0.02 -0.01; 0.05 0.29

1 N ranges-from 310-319 due to missing data.

t Adjusted-fer child gender, age, season of hair collection, site of scalp haitembdledrandomization status.

§ B refers to the mean difference in cortisol concentration (log transformed pg/mg)
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Table 4. Multivariable model of associations betweamcurrenindicators of adversity and child hair cortisol concentraéio years

Complete cases

N = 2%; R-squared = 0.18

BT 95% CI p-value Partial f
Indicators .of adversitgt 2 years
Young age at pregnancy -0.08 -0.34; 0.19 0.57 0.001
Did not'eomplete high school any further training 0.09 -0.16 ; 0.35 0.47 0.002
Single, notliving with partner, separated or divorce: 0.01 -0.29;0.31 0.95 <0.001
Income from benefjtpensioror no income -0.12 -0.44;0.20 0.47 0.002
Not currently employed -0.05 -0.32;0.22 0.72 0.001
Public rental paying boarar living rent free 0.36 0.05; 0.67 0.022 0.020
Main language other than English 0.19 -0.29; 0.67 0.43 0.002
Aboriginal or Torres Strait Islander -0.14 -0.62 ;0.34 0.56 0.001
Drug problem -0.02 -0.38;0.31 0.91 <0.001
Alcohol problem 0.15 -0.54;0.85 0.66 0.001
Currently snokes 0.04 -0.22;0.31 0.74 <0.001
Family.violence -0.09 -0.40;0.21 0.55 0.001
Does not live in a safe place 0.66 0.13;1.20 0.016 0.022
Housingproblems -0.33 -0.63 ; -0.02 0.034 0.017
2 or more-financial hardships -0.01 -0.31;0.28 0.94 <0.001
Depression symptoms (continuous, per point in sca -0.05 -0.11;0.01 0.095 0.010
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Complete cases

N = 2%; R-squared = 0.18

Bt 95% ClI p-value Partial f

Anxiety symptoms (continuous, per point in score) -0.03 -0.10; 0.03 0.30 0.004
Stress symptomEontinuous, per point in score) 0.07 0.02;0.12 0.010 0.024
Covariates
Site of callection (ref posterior vertex)

Temporal 0.05 -0.41;0.51 0.83 <0.001

Parietal -0.79 -1.18 ;-0.41 <0.001 0.058

Combined temporal & parietal 0.37 -0.98;1.72 0.59 0.001
Season.of.collection (ref summer)

Autumn 0.02 -0.30; 0.35 0.89 <0.001

Winter -0.54 -0.87;-0.20 0.002 0.036

Spring -0.31 -0.67 ; 0.04 0.084 0.011
Child gender, female -0.22 -0.45; 0.02 0.070 0.012
Randomization statuglsual Care group 0.05 -0.18; 0.28 0.68 0.001
Child-age“(months, continuous) 0.02 -0.11; 0.15 0.81 <0.001

1B referstoithe mean difference in cortisol concentration (log transformedpg/m

This article is protected by copyright. All rights reserved



Table5. Univariable associations betwdengitudinal exposure to indicators of adversity from pregnancy to 2 years athdhaiitortisol

concentratiorat 2 years

Child hair cortisol Regression Regression
(log transformed pg/mg) Unadjusted Adjusted
Longitudinal exposure to indicators of adversity N* Mean SD s 95% CI p- S 95% CI p-
value value

Young age at pregnanty

Never 239 1.09 0.96 ref - - ref - -

Persistent 80 1.02 1.02 -0.07 -0.32;0.18 056 -0.06 -0.30;0.18 0.60
Did not complete-high school or any further trainin

Never 229 1.07 0.98 ref - - ref - -

Persistent 90 1.10 1.10 0.03 -0.21;0.27 0.82 0.02 -0.22;0.25 0.90
Single, not living with partner, separated or divorc

Never 192 1.06 0.98 ref - - ref - -

Intermittent 65 1.15 1.08 0.08 -0.19;0.36 055 0.03 -0.24;0.30 0.85

Persistent 56 1.01 0.87 -0.05 -0.34;0.24 0.73 -0.06 -0.35;0.22 0.66
Income from benefit, pension or no income

Never 147  1.07 0.99 ref - - ref - -

Intermittent 71 1.28 0.97 0.21 -0.06;0.49 0.13 0.16 -0.12;0.43 0.26

Persistent 95 0.92 096 -0.15 -0.40;0.11 0.26 -0.20 -0.45;0.05 0.12

Not currently employeld
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Never
Intermittent

Persistent

Public rental, paying-board or living rent free

Never
Intermittent
Persistent
Main languageether than English
Never
Persistent
Aboriginal or TorresStrait Islande
Never
Persistent
Drug problem
Never
Intermittent
Persistent
Alcohol problem
Never
Intermittent/Persistent

Currently smokes

79
73
159

201
80
32

296
19

299
20

250
28
23

289
18

1.16
1.06
1.04

1.07
1.05
1.15

1.04
1.37

1.08
0.97

1.08
0.83
1.26

1.04
1.49

This article is protected by copyright. All rights reserved

1.06
0.93
0.97

0.96
1.04
0.97

0.97
1.07

0.99
0.81

0.97
1.09
1.03

0.98
0.95

ref
-0.10
-0.13

ref
-0.02
0.08

ref
0.33

ref
-0.12

ref
-0.25
0.18

ref
0.45

-0.41;0.22
-0.39;0.14

-0.27;0.24
-0.29; 0.45

-0.12;0.78

-0.56 ; 0.33

-0.64;0.13
-0.25; 0.60

-0.02;0.91

0.54
0.35

0.90
0.67

0.15

0.61

0.20
0.41

0.059

ref
-0.17
-0.19

ref
0.02
0.03

ref
0.32

ref
-0.12

ref
-0.23
0.08

ref
0.36

-0.47;0.14
-0.45; 0.07

-0.23;0.26
-0.33;0.39

-0.14; 0.77

-0.56 ; 0.32

-0.61; 0.15
-0.33;0.49

-0.09; 0.82

0.28
0.15

0.90
0.87

0.17

0.60

0.23
0.70

0.12



Never
Intermittent
Persistent
Family violence
Never
Intermittent
Persistent
Does not live in-a=safe place
Never
Intermittent/Persistent
Housing problems
Never
Intermittent
Persistent
Financial hardshigs
No exposure at'2' years
2 years only.
High depression symptoms
Never
Intermittent/Persistent

High anxiety symptoms

181
55
75

190
95
15

269
31

177
105
13

257
58

224
83

1.09
1.02
1.07

1.07
1.03
1.18

1.05
1.18

1.12
1.03
131

1.06
1.11

1.08
1.02
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0.99
0.98
0.98

0.98
0.99
1.09

0.99
1.00

0.92
1.06
1.07

0.99
0.93

0.96
1.04

ref
-0.06
-0.01

ref
-0.04
0.11

ref
0.13

ref
-0.09
0.19

ref
0.05

ref
-0.06

-0.36 ; 0.23
-0.28 ; 0.25

-0.28;0.21
-0.41; 0.63

-0.24 ; 0.49

-0.33; 0.15
-0.36 ; 0.75

-0.23; 0.33

-0.31;0.19

0.67
0.92

0.76
0.68

0.50

0.46
0.49

0.73

0.62

ref
-0.14
-0.07

ref
-0.12
-0.001

ref
0.02

ref
-0.11
0.06

ref
-0.005

ref
-0.07

-0.43;0.15
-0.33;0.19

-0.36; 0.12
-0.51; 0.50

-0.35,;0.38

-0.35;0.12
-0.49; 0.62

-0.28 ; 0.27

-0.31; 0.17

0.36
0.59

0.33
1.00

0.93

0.34
0.82

0.97

0.54



Never 161 1.06 0.97 ref - - ref - -

Intermittent 122 1.06 1.02 0.002 -0.23;0.23 0.99 0.002 -0.23;0.23 0.98

Persistent 24 1.12 0.94 0.05 -0.37;0.48 080 0.06 -0.34;047 0.76
High stress symptoms

Never 213 1.03 0.95 ref - - ref - -

Intermittent 83 1.11 1.04 0.07 -0.18;0.32 056 0.15 -0.09;0.40 0.21

Persistent 11 1.44 1.10 0.40 -0.19;1.00 0.19 046 -0.12;1.04 0.12

1 Adjusted-fer child gender, age, season of hair collection, site ofdlkectionand randomization status.
t N ranges from 295-319 due to missing data.
§ B refers'to'the mean difference in cortisol concentration (log transformed pg/mg)

9 Results,repeated from Table 3 due to single4pmiat collection for these measures.

Table6. Multivariable model of associations between longitudinal exposure to indicatagen$itdy from pregnancy to 2 years and child hair

cortisol concentration.

Complete cases
N = 262, R-squared = 0.20
BT 95% Cl p-value Partial f

Indicators of adversity

Young age at pregnancy
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Complete cases
N = 262 , R-squared = 0.20

BT 95% Cl p-value Partial f

Persistent 0.03 -0.27;0.33 0.83 <0.001
Did not complete high school or any further training

Persistent 0.07 -0.22;0.36 0.65 0.001
Single, not living with partner, separated or divorced

Intermittent 0.24 -0.14 ; 0.63 0.22 0.007

Persistent 0.03 -0.35;0.41 0.87 <0.001
Income from_benefit, pension or no income

Intermittent 0.07 -0.32;0.47 0.71 0.001

Persistent -0.27 -0.71; 0.17 0.23 0.007
Not currently employed

Intermittent -0.19 -0.54;0.16 0.29 0.005

Persistent -0.11 -0.48 ; 0.25 0.53 0.002
Public rental, paying board or living rent free

Intermittent 0.07 -0.24 ;0.38 0.65 0.001

Persistent 0.13 -0.35; 0.60 0.60 0.001
Main language other than English

Persistent 0.03 -0.52; 0.57 0.93 <0.001

Aboriginal or TorresStrait Islander
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Complete cases
N = 262 , R-squared = 0.20

BT 95% Cl p-value Partial f

Persistent -0.01 -0.56 ; 0.53 0.96 <0.001
Drug problem

Intermittent -0.07 -0.55;0.41 0.76 <0.001

Persistent 0.32 -0.17;0.82 0.19 0.008
Alcohol problem

Intermittent./ Persistent 0.32 -0.29;0.93 0.31 0.005
Currently smokes

Intermittent -0.11 -0.46;0.24 0.54 0.002

Persistent -0.01 -0.34;0.32 0.95 <0.001
Family“vielence

Intermittent -0.20 -0.51;0.12 0.22 0.007

Persistent 0.04 -0.65;0.73 0.91 <0.001
Does not.live in a safe place

Intermittent’/ Persistent 0.002 -0.42;0.43 0.99 <0.001
Housing-preblems

Intermittent -0.11 -0.40;0.18 0.46 0.003

Persistent 0.23 -0.42;0.88 0.49 0.002

Financial hardship
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Complete cases

N = 262 , R-squared = 0.20

BT 95% Cl p-value Partial f

2 years only -0.02 -0.34; 0.30 0.91 <0.001
High depression symptoms

Intermittent / Persistent -0.33 -0.67;0.01 0.055 0.016
High anxiety symptoms

Intermittent -0.07 -0.35; 0.22 0.65 0.001

Persistent -0.32 -0.93;0.30 0.31 0.005
High stress symptoms

Intermittent 0.38 0.02;0.73 0.037 0.019

Persistent 1.35 0.46 ; 2.24 0.003 0.039
Covariates
Site of hair collection (ref posterior vertex)

Temporal 0.10 -0.39; 0.60 0.68 0.001

Parietal -0.75 -1.19;-0.32 0.001 0.049

Combined temporal & parietal 0.35 -1.09; 1.79 0.63 0.001
Season of-eollection (ref Summer)

Autumn -0.001 -0.35;0.35 0.99 <0.001

Winter -0.61 -0.99;-0.24 0.002 0.044

Spring -0.40 -0.79;-0.01 0.047 0.018
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Complete cases
N = 262 , R-squared = 0.20

BT 95% Cl p-value Partial f
Child gender, female -0.14 -0.40;0.12 0.28 0.005
Randomization status, Usual Care group -0.01 -0.27 ;0.25 0.95 <0.001
Child age (months, continuous) 0.04 -0.10; 0.19 0.57 0.002

t B refers to the mean difference in cortisol concentration (log transformed pg/mg)
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