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Abstract
Objectives Little psychoneuroendocrine research has focused on steroid hormone
responses to non-physical competition in middle childhood. This study sought to
observe testosterone, estradiol, dehydroepiandrosterone (DHEA), androstenedione,
and cortisol responses in children during a mixed-sex, team, academic competition.
Methods Salivary steroid hormones were collected, along with measures of performance, Body Mass Index, and pubertal development in ethnically Chinese boys (n =
18) and girls (n = 27), aged 9–10 years, during a math competition (N = 45).
Results Testosterone and estradiol levels were generally low and unmeasurable. Nearly
every competitor experienced decreases in cortisol and cortisol/DHEA molar ratio. Preand post-match DHEA and androstenedione did not significantly change. Exploratory
analyses revealed a positive correlation between DHEA change and team performance
among non-active participants (i.e. did not attempt to answer a question). ANCOVAs
revealed differences in percentage change in androstenedione between active (n = 20)
and non-active participants (n = 25) and among winners (n = 7) and losers (n = 38), and
positive associations with age. Percentage change in cortisol was significantly lower
among losers compared to winners. Performance measures were positively correlated
with DHEA change and percentage change in androstenedione.
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Conclusions Despite girls having higher pre-match androstenedione, both sexes exhibited similar patterned hormone responses. Only cortisol and cortisol/DHEA molar ratio
decreased during the competition. However, DHEA, androstenedione, and cortisol
match changes were partially related to psychosocial variables (e.g., performance,
outcome, participation). These findings provide new insight into factors which may
underpin steroid hormone responses during middle childhood non-athletic competition.
Keywords Middle childhood . DHEA . Cortisol . Androstenedione . Testosterone .
Competition

Introduction
Most psychoneuroendocrine research on human competition and aggression have
focused on adult testosterone and cortisol responses during male-male physical and
non-physical competition (Casto and Edwards 2016b; Geniole et al. 2017; Gray et al.
2017). Testosterone and cortisol responses are related to physical exertion, self-efficacy,
winner and loser effects, competitor type, measures of performance and a competitor’s
motivation to win (e.g., de Almeida et al. 2015; Flinn et al. 2012; Salvador and Costa
2009; Suay et al. 1999; Trumble et al. 2013). Approximately 2–3 times as many studies
have been published investigating hormone responses during competition among adult
males than females (for review see: Casto and Prasad 2017). Although natural selection
is thought to shape competitive behavioral strategies in sex-specific ways (Stockley and
Campbell 2013), with men and boys tending to be more attracted to sports irrespective
of cultural context (Deaner and Smith 2013), research has also shown that men and
women are equally competitive when it comes to academic achievement, status, and
financial success (e.g., Cashdan 1998).
Little research has investigated acute hormone responses of boys or girls during
competition. Accordingly, little is known about the potential involvement of steroid
hormones such as dehydroepiandrosterone (DHEA) or androstenedione in addition to
or rather than testosterone or estradiol at this life stage. It is also unclear whether
potential hormone responses to competition can be separated from physical activity
(see Collomp et al. 2015) and whether responses are contingent upon performance
variables such as effort or winning/losing (the kind of variables identified as important
in the adult hormones and competition literature). The initiation of adrenal androgen
production known as adrenarche occurs around 6–8 years of age in both boys and girls
universally and continues to rise until the mid-20s (Campbell 2011; Ellis 2004). From a
life history standpoint, it remains unclear why the juvenile transition coincides with the
surge of DHEA and androstenedione from the adrenal glands (Del Giudice et al. 2009;
Kushnir et al. 2010).
Our recent work revealed that juvenile boys from urban Western and non-Western
populations, between 8 and 11 years of age, experienced similar patterned significant
increases in DHEA and androstenedione across physical, coalitional competitions
(soccer), while testosterone levels remained low and unresponsive (McHale et al.
2016, 2018a in press). Further, among a sample of 102 boys, cortisol significantly
increased during soccer matches and significantly decreased during intra-squad soccer
scrimmages played against peers, while their cortisol/DHEA ratios significantly
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decreased during the scrimmage only (McHale et al. 2018a, in press). These findings
suggest boys’ endocrine responses to coalitional competition differ from those of adult
males participating in similar forms of coalition competition, such as soccer competition (Geniole et al. 2017). These findings also indicate that juvenile boys’ hormone
changes across physical competitions might be contingent upon the context of competition (e.g., match vs. scrimmage) and competitor type (e.g., out-group), shedding light
on the factors which potentially influence acute reactive DHEA, androstenedione, and
cortisol changes during middle childhood development.
There is evidence that testosterone, DHEA, cortisol, and potent estrogens, such as
estradiol, are related to competitive aggression in adult females (e.g., Aizawa et al.
2006; Cashdan 2003; Casto and Edwards 2016a; Geary et al. 2001). It is unknown if
these findings are generalizable to children, who have low levels of testosterone and
estrogen. Mazdarani et al. (2016) showed that, in a small sample of prepubescent girls
10–11 years of age (N = 12), cortisol levels significantly increased when playing
basketball. Inoff-Germain et al. (1988) found that baseline androstenedione and estradiol concentrations were correlated with anger and aggression among a sample of girls
9–14 years of age, while this effect was not found in boys. These findings highlight
potential baseline sex differences in children’s steroid hormones related to regulation of
antagonistic behaviors.
We designed an in-class math competition with the aim of exploring multiple steroid
hormone changes (e.g., testosterone, estradiol, cortisol, DHEA, and androstenedione)
during a non-physical competition among male and female prepubescent competitors.
Forty-five ethnically Chinese boys and girls, 9–10 years of age, from two primary
schools in Hong Kong participated. Hormone measures were assessed while controlling for age, body mass index (BMI) and pubertal development. We sought to address
three aims. First, we sought to examine potential sex differences in hormone changes.
Although girls develop more quickly, on average, compared with boys, the biochemical
hallmark of the juvenile transition is the pre-pubertal release of adrenal precursor
hormones, such as DHEA and androstenedione. Evolutionary theorists have speculated
that this endocrine process can have powerful neural and endocrine downstream effects
on behavior, shaping the ontogeny of social behavior (Del Giudice et al. 2009). We,
therefore, sought to explore if steroid hormones exert similar functional roles in both
girls and boys, where competition expressed as play may serve a vital role in shaping
childhood social development (i.e. plasticity) towards adulthood.
Second, we explored whether a school-based math competition might elicit acute
changes in DHEA, androstenedione, and cortisol rather than testosterone (in boys) or
estradiol (in girls). This is because testosterone and estradiol are sex steroids that
increase in production following gonadarche, while it has been suggested that adrenal
hormones may play an underappreciated role in supporting children’s social development and responsiveness to competitive environments (Capranica et al. 2012; Del
Giudice et al. 2015; Gray et al. 2017).
Third, we attempted to identify physiological (e.g., age) and psychological variables
(e.g., level of participation, team and individual performance, and match outcome)
associated with the degree of hormone changes during competition. Given that older
children are likely to have higher pre-match (baseline) DHEA and androstenedione
levels, differences associated with age may lead to greater increases in post-match
hormone concentrations (Kushnir et al. 2010). Psychosocial variables have also been
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shown to influence acute steroid hormone changes in adults engaged in various
competitive contests (Casto and Edwards 2016b; Geniole et al. 2017), and the same
variables may also be relevant for eliciting different hormone responses in children.
This study also explored the effects of active (i.e. attempted to answer one or more
questions) and non-active (i.e. did not attempt to answer any questions) participation
during the competition. In our view, level of participation during the competition likely
reflects a higher level of competitive engagement, which could be an indication of
effort and higher motivation to compete, all of which could influence hormone
responses to competition (e.g., Salvador and Costa 2009; Suay et al. 1999).
When compared with Western cultural contexts, Hong Kong children outperform
nearly all other children cross-culturally in reading and math, as reflected by their
standardized test scores (Chou 2012; Phillipson 2006). Hong Kong youth are routinely
faced with intense social pressure from parents and peers, along with high academic
competition to perform in the classroom from early on in a child’s education (Ingham
2007). Jankowiak et al. (2011) noted that among contemporary Chinese society, there is
a Bfanatical obsession with a child’s classroom performance^ whereby Hong Kong
teachers and parents share a common value system, boys and girls are pushed to
embrace a life-orientation that reinforces social status as an extension of academic
achievement. Thus, this population of children and experimental design was chosen
due to the unique cultural milieu of Hong Kong which should promote high academic
competition among all participants. Put another way, testing children’s hormone responses to a math competition in this sample of Hong Kong students are designed to be
ecologically salient.

Methods
Locale and Participants
Boys and girls from two elite Chinese primary schools, one public and one private,
were recruited to participate due to the high-quality education standards demonstrated
at these schools and the high caliber of students. Participants (public primary school: n
= 26; private primary school: n = 21) were recruited from their respective primary
schools located in Kowloon, Hong Kong. Twenty-eight girls and 19 boys from three
classrooms participated. Each classroom had between 27 and 32 total students on the
days of the competition. All students participated in the math competition even if they
did not take part in the hormone study. Children on hormone medication were excluded
from participating. One boy and one girl participant provided inadequate amounts of
post-match saliva samples to enable testing and thus were not included in the data
analyses. Parent and Child Informed Consent Forms were available in Cantonese and
English and were signed by each participant and at least one parent or legal guardian
prior to the day of the competition. The University of Nevada, Las Vegas, and the
University of Hong Kong Institutional Review Boards approved the study procedures
and protocols.
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Saliva Collection
To address circadian rhythms effects (Groschl 2003), all math contests occurred in the
mornings during a regularly scheduled math class period. Pre-match saliva samples
were collected 10 minutes before the start of the math competition and post-match
samples were immediately collected after it was completed. Each participant provided
~3 ml of passive drool saliva. Saliva collection during field research is a simple,
non-invasive, and relatively stress-free alternative to serum and plasma sample collection (Gatti and De Palo 2011). Salivary samples were immediately stored at −20
degrees Celsius upon collection and shipped to ZRT Laboratory in Beaverton, Oregon.
Two of the match competitions were simultaneously conducted in two separate classrooms on November 18, 2016. Each contest began at 8:25 AM and ended at 8:50 AM.
The third math competition occurred on November 19, 2016, and lasted from
10:30 AM – 10:55 AM.
Math Competition Experimental Procedures
Before the start of the math competition, teachers divided the students into randomly
assigned teams containing four students per team, consisting of mixed-sexed teams.
Desks were rearranged so that teams of four were sitting next to teammates only and
facing the front of the classroom. If there was an uneven number of students in the
classroom then a team would consist of only three teammates. Each classroom had
relatively equal numbers of boys and girls. The first two classrooms to participate had 7
teams each while the third classroom had 8 teams. All teams participated against one
another simultaneously in their respective classrooms.
Before the beginning of the math contest, the teacher read the rules of the math
competition aloud to the competitors. Additionally, the teacher informed the students
that the winning team would be awarded a prize provided by the research team, which
consisted of a medium-sized present, covered in wrapping paper and a bow, and filled
with food and sweets. The present was made visible to all of the participants at the
beginning of each competition. Every team started the contest with 100 points. Each
team received an additional 20 points for each correct response and lost 10 points for an
incorrect response. The first student to stand up when presented with a new math
question was called upon to answer that question by the teacher and was then allowed
no more than 3 s to answer the question. If a student was called upon and failed to
answer the question in under 3 s, or if they answered incorrectly, that student’s team had
10 points deducted from their total score. Students were only given one chance to
answer the question correctly and then the next question was presented to the classroom
in a rapid-fire succession. Students could use paper and pencil to calculate the answer to
the question and confer with their teammates before standing up to answer.
An 80-question PowerPoint presentation was crafted ahead of time by one of the
participating teachers. The slide presentation was used to present each question to the
students in succession. For consistency, the same slide deck was used in each of the
three classrooms to ensure participants were given the same questions to answer for the
same duration of time. Each PowerPoint slide had one math question written in
Cantonese. A research assistant helped keep track of team scores so that it was visible
on the board in front of the classroom for all participants.
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At the end of each competition participants were instructed to fill out a short
questionnaire and then their heights and weights were recorded using an anthropometer
and scale, allowing for calculation of participants’ BMI. Each questionnaire asked for
participants’ age, team outcome, number of questions answered correctly, number of
questions answered incorrectly, and the number of points their team scored. If a
participant failed to provide how many questions they answered correctly and/or
incorrectly then the blank response(s) was coded as zero. Additionally, participants
completed the Pubertal Development Scale (PDS), a self-report measure of pubertal
status, where participants’ scores (M = 1.25, range: 1.0–2.0) confirmed no participants
had undergone puberty (Petersen et al. 1988).
Hormone Determination
Saliva samples were assayed by ZRT Laboratory using liquid chromatography–tandem
mass spectrometry (LC-MS/MS), the most preferred method of salivary hormone
analysis available due to its superior analytical specificity and low variation (Büttler
et al. 2015; Handelsman and Wartofsky 2013; Nave et al. 2017). For testosterone, 35
out of 45 pre-match levels (78%) and 39 out of 45 post-match levels (87%) were below
the detection limit of the assay (< 3.2 pg/mL). For estradiol, 20 out of 27 pre- and
post-match levels (74%) were below the sensitivity of the assay (0.24 pg/mL) in girls.
Therefore, no statistical analyses were conducted on testosterone and estradiol. Ten out
of 45 pre- and post-match saliva samples (22%) of DHEA were below the detection
limit (17.1 pg/mL). Consistent with previous methodologies (e.g., McHale et al. 2016),
although exact measures are not available, below sensitivity values of DHEA were
considered important data points indicative of low hormone concentrations. Thus, each
measure below sensitivity was assigned a value that is one-half of the minimum
detection limit resulting in 20 out of 90 values of 8.55 pg/mL of DHEA. Cortisol
and androstenedione were detectable in all 90 samples. The intra-assay coefficient of
variation for all analytes tested range from 2.7 to 15.7% over the following hormone
concentrations: testosterone (9.8–83.5 pg/mL); estradiol (0.7–24.7 pg/mL); DHEA
(35.6–567 pg/mL); androstenedione (21.3–343 pg/mL); cortisol (400–13,700 pg/mL).
Inter-assay precision over the same hormone concentrations ranges from 4.3 to 18.7%.
Statistical Methods
All hormone data underwent normality tests by means of the Shapiro Wilk Normality
Test. Cortisol/DHEA molar ratios were also calculated and included as they have been
proposed as a more accurate indicator of overall Hypothalamic-Pituitary-Adrenal
(HPA) axis activity (Kamin and Kertes 2017). Pre- and post-match hormone data were
non-normally distributed for all hormone concentrations, as were cortisol/DHEA molar
ratio data. Percent change in hormone levels [(post-match minus pre-match)/
(pre-match) * 100] were calculated as dependent variables and were normally distributed for androstenedione and cortisol, but normality was not achieved for percent
change in DHEA. Therefore, a ‘DHEA change’ (raw post-match minus raw
pre-match concentrations) dependent variable was created because it conferred normality while maintaining directionality.
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Age, BMI, and PDS were assessed as control variables. Sex, class team rank, and
level of participation were analyzed as independent variables among the total combined
sample of participants (N = 45). Competitors were coded as 0, ‘non-active,’ if they
failed to attempt to answer one question during the math competition and 1, ‘active
participant,’ if they attempted to answer at least one question. Class team rank was
determined by coding teams based on the place in which they finished the competition
per their respective classrooms, with a ‘1’ indicating the last place finishing teams and a
‘6’ for the top scoring teams. Competitors on winning teams were coded as ‘1’ and all
others were coded as ‘0’. All tests are two-tailed (α = .05) and were carried out using
SPSS statistical software.
Preliminary analyses of raw pre-match concentrations of DHEA, androstenedione, and
cortisol relied upon Mann-Whitney U statistical analyses to assess pre- and post-match
differences in hormone concentrations due to different sample collection times within
each sex (e.g., the 8:25 AM boy participants compared to the 10:30 AM boy participants).
Independent Samples T-Tests compared the degree of hormone change between sexes
utilizing percent change in androstenedione, percent change in cortisol, in addition to
DHEA change. Exploratory correlations assessed boys’ and girls’ raw pre-match hormone concentrations, competition change values (raw post-match – raw pre-match
concentrations), age, BMI, and PDS via Spearman Rank-Order correlations.
The Wilcoxon Signed-Rank Sum Test was performed on the raw hormone concentrations and cortisol/DHEA molar ratio data to compare pre- and post-match raw
hormone changes. The relationship between participants’ class team rank and hormone
change was assessed by Spearman’s Rank Order correlation tests among the total
sample and between active and non-active participant groups.
Correlation analyses were further conducted between DHEA change, percent change
in androstenedione, percent change in cortisol (dependent variables) and control
variables. The dependent variables were also compared with the level of participation
(active vs. non-active) and outcome (winners vs. losers) in one-way ANOVAs. When a
significant effect was revealed between the dependent variables, covariate(s) and
independent variable(s), ANCOVAs were used to explore the main and interaction
effects of level of participation and outcome on the dependent variables.
For the 20 competitors who attempted to answer at least one question (i.e. active
participant group), Spearman Rank-Order correlations were used to compare the
relationship between the number of correct responses for a competitor, the number of
incorrect responses, and overall performance (correct – incorrect responses), with
percent change in androstenedione, percent change in cortisol, and DHEA change.
These exploratory analyses provided further insight into assessing whether measures of
individual participation and hormone change were related.

Results
Descriptive characteristics of age, BMI, PDS, salivary hormone concentrations, and
cortisol/DHEA molar ratio data are provided in Table 1. Hormone concentrations
presented in the table reflect the raw mean and competition change (pre-match post-match) hormone values. Testosterone and estradiol levels were low and generally
below the detectable range in the majority of participants and therefore excluded from
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Table 1 Descriptive characteristics detailing age, BMI, PDS, salivary hormone concentrations, and molar
ratios among boys and girls
Variables

Boys (n = 18)

Girls (n = 27)

Mean (SD)

Minimum Maximum Mean (SD)

Minimum Maximum

Age (years)

10.16 (0.58)

9.10

10.90

9.96 (0.60)

9.00

10.90

BMI (kg·m–2)

17.13 (3.50)

12.96

24.49

17.78 (4.70)

12.96

33.78

PDS

1.20 (0.45)

1.00

1.6

1.29 (0.23)

1.00

2.0

Hormone Concentrations (pg/mL)
DHEA pre-match

37.98 (33.54)

8.55

116.20

48.55 (42.80) 8.55

194.40

DHEA post-match

38.53 (31.80)

8.55

100.70

45.31 (39.06) 8.55

173.70

∆DHEA

0.21 (10.00)

−15.50

21.50

−3.24 (11.23) −20.70

26.20

Androstenedione pre-match

11.28 (6.59)

3.60

25.30

28.09 (19.87) 4.10

82.40

Androstenedione post-match

10.73 (7.53)

1.70

26.10

26.88 (19.64) 4.20

74.10

∆Androstenedione

−0.54 (4.22)

−12.50

6.40

−1.21 (4.5)

−12.90

5.70

Cortisol pre-match

1061.11
(1062.26)

400.00

4800.00

955.56
(662.36)

400.00

3100.00

Cortisol post-match

494.44
(322.62)*

200.00

1500.00

522.22
(293.96)*

100.00

1400.00

∆Cortisol

−566.67
(790.38)

−3300.00

−100.00

−433.33
(443.76)

−2000.00

100.00

DHEA (nmol/L) pre-match

0.13 (0.12)

0.03

0.40

0.17 (0.15)

0.03

0.67

DHEA (nmol/L) post-match

0.13 (0.11)

0.03

0.35

0.16 (0.14)

0.03

0.60

Cortisol (nmol/L) pre-match

2.93 (2.93)

1.10

13.24

2.64 (1.83)

1.10

8.55

Cortisol (nmol/L) post-match 1.36 (0.89)

0.55

4.14

1.44 (0.81)

0.28

3.86

Cortisol/DHEA molar ratio
pre-match

45.58 (43.64)

5.31

139.49

27.39 (29.51) 3.38

130.19

Cortisol/DHEA molar ratio
post-match

20.14 (22.01)
*

1.65

92.99

17.28 (22.11) 2.29
*

111.59

Molar Ratios

DHEA, androstenedione, cortisol and cortisol/DHEA molar ratio analyses relied upon the Wilcoxon signedrank sum test to assess raw pre- and post-match hormone change. For convention, means, minimum and
maximum values are displayed
*p ≤ 0.001

subsequent analyses. Exploratory correlations between boys’ and girl’s pre-match
hormone concentrations, competition change hormone values, and controls are presented in Table 2 (boys) and Table 3 (girls). All significant associations reported passed
the visual inspection of the scatterplot determining a monotonic relationship existed.
These data explore potential links between pre-match and competition induced adrenal
hormone changes and control variables.
Preliminary Analyses: Boys’ and Girls’ Pre-Match (Baseline) Hormone
Concentrations
Due to circadian declines of steroid hormones, we first explored whether pre-match
(baseline) hormone concentrations of DHEA, androstenedione and cortisol statistically

Boys

Pre-match DHEA Pre-match Androstenedione Pre-match Cortisol ∆DHEA pg/ ∆Androstenedione ∆Cortisol pg/ BMI kg
pg/mL
pg/mL
pg/mL
mL
pg/mL
mL
m–2

Pre-match DHEA pg/mL

.71**

Pre-match Androstenedione
pg/mL
Pre-match Cortisol pg/mL
∆DHEA pg/mL
∆Androstenedione pg/mL
∆Cortisol pg/mL

BMI Body Mass Index, PDS Pubertal Development Scale
*p < 0.05 (two-tailed),
**≤ 0.002
† = 0.053 (approached significance)

AGE

−.05

−.33

.12

−.02

.53*

.38

.22

−.09

−.06

.07

.15

.42

.46†

.19

−.06

−.70**

−.86**

−.45

−.32

−.16

.08

.24

−.24

.27

−.26

.85**

.28

.11

.34

.30

.27

.36

BMI kg m–2
PDS

PDS

.72** 0.03
.

−.23

Adaptive Human Behavior and Physiology

Table 2 Boys’ (n = 18) correlations between raw pre-match hormone concentrations, hormone change, BMI, and PDS

Table 3 Girls’ (n = 27) correlations between raw pre-match hormone concentrations, hormone change, BMI, and PDS
Girls

Pre-match DHEA pg/mL

Pre-match DHEA Pre-match Androstenedione Pre-match Cortisol ∆DHEA pg/ ∆Androstenedione ∆Cortisol pg/ BMI kg
pg/mL
pg/mL
pg/mL
mL
pg/mL
mL
m–2
.41*

Pre-match Androstenedione
pg/mL
Pre-match Cortisol pg/mL
∆DHEA pg/mL
∆Androstenedione pg/mL
∆Cortisol pg/mL

*p < 0.05 (two-tailed),
**≤ 0.002

.31

−.37

.24

.13

.48*

.09

.01

.28

.06

.09

−.01

.49** .09

−.04

−.29

−.83**

−.01

.16

.25

.22

−.10

−.06

−.01

.53**

.23

−.36

.24

.09

−.22

.43*

−.26

.21

.

−.21

−.13
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BMI Body Mass Index, PDS Pubertal Development Scale

AGE

−.14

BMI kg m–2
PDS

PDS

The Wilcoxon Signed-Ranks Tests were employed to investigate potential changes in
raw hormone concentrations during the match competition. DHEA did not significantly
change during the math competition in boys, n = 18, (pre-match Mdn = 30.15 pg/mL,
post-match Mdn = 25.60 pg/mL, z = −0.09) or in girls, n = 27, (pre-match Mdn = 31.50,
post-match Mdn = 35.30, z = −1.63) or in the combined total sample, N = 45, p > 0.05.
Additionally, no significant changes in androstenedione were observed in boys

Raw Pre- and Post-Match Hormone Change

In an effort to allow comparison in hormone changes between boys (n = 18) and girls
(n = 27), despite sex differences in pre-match androstenedione (BPreliminary Analyses:
Boys’ and Girls’ Pre-Match (Baseline) Hormone Concentrations^ section), a series of
independent samples t-tests were conducted to examine whether the mean percent
change in androstenedione percent change, cortisol percent change, and DHEA change
significantly differed between sexes. Levene’s tests were carried out and the assumptions met for mean percent change in cortisol and DHEA change. Equal variances were
not assumed for mean percent change in androstenedione. No significant sex differences were observed for: mean percent change in androstenedione (boys: M = −4.07%,
SD = 34.71%; girls: M = −6.57%, SD = 16.68%), t(22.29) = −0.28, p = 0.78; mean percent change cortisol (boys: M = −44.86%, SD = 18.98%; girls: M = −39.88%, SD =
20.79%), t(43), 0.81, p = 0.42; or DHEA change (boys: M = 0.21 pg/mL, SD =
10.00 pg/mL; girls M = −3.24 pg/mL, SD = 11.30 pg/mL), t(43) = −1.05, p = 0.30.
These results suggest that boys’ and girls’ mean percent change in androstenedione,
mean percent change in cortisol, and DHEA change did not statistically differ.

Assessing the Degree of Hormone Change between Sexes

differed between the 8:25 AM and 10:30 AM participant samples. The Mann-Whitney
U test revealed that the hormone samples collected from boys’ at 8:25 AM (n = 10) and
at 10:30 AM (n = 8), and the samples collected from girls’ at 8:25 AM (n = 14) and at
10:30 AM (n = 13), did not statistically differ within each sex (p > 0.05). Therefore,
despite the time differences in pre-match saliva collection the total sample of boys (n =
18) and total sample of girls (n = 27) were utilized for the subsequent analyses.
Next, we explored potential sex differences between pre-match hormone concentrations between boys (n = 18) and girls (n = 27). The Mann-Whitney U test revealed
pre-match DHEA levels in boys’ (Mdn = 30.15 pg/mL) and girls’ (Mdn = 31.50 pg/
mL), and pre-match cortisol levels (boys and girls: Mdn = 700.00 pg/mL), did not
significantly differ between boys and girls (p > 0.05). However, a statistically significant difference sex difference was observed in pre-match androstenedione concentrations, such that girls had significantly higher pre-match levels (Mdn =
23.70 pg/mL) compared to boys’ (Mdn = 11.05 pg/mL), U = 106.50, p = 0.002, r
= −0.47. Thus, competition effects of androstenedione levels were assessed
independently among boys and girls (BRaw Pre- and Post-Match Hormone
Change^ section). Additionally, Cortisol/DHEA molar ratios did not significantly differ between boys and girls (p > 0.05) despite a 39.93% mean pre-match
levels difference (boys M = 45.58; girls M = 27.38).
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(pre-match Mdn = 11.05 pg/mL, post-match Mdn = 7.40 pg/mL, z = −0.17) or in girls
(pre-match Mdn = 23.70 pg/mL, post-match Mdn = 24.20 pg/mL, z = −1.00), p > 0.05.
However, all 18 boys and 25 out of 27 girls experienced decreases in cortisol during
the competition (one tie). A highly statistically significant decrease in boys’ (pre-match
= 700.00 pg/mL, post-match = 400 pg/mL, z = −3.74) and in girls’ (pre-match Mdn =
700.00 pg/mL, post-match Mdn = 500.00 pg/mL, z = −1.63) cortisol levels were detected in both groups and again when analyzed in the combined total sample, N = 45
(pre-match Mdn = 700.00 pg/mL; post-match Mdn = 400.00 pg/mL, z = −5.73),
p < 0.001 (Fig. 1).
Further, seventeen out of 18 boys and 26 out of 27 girls experienced decreases in
their cortisol/DHEA molar ratios. One boy and one girl experienced an increase. A
highly statistically significant decrease was observed in both boys’ (pre-match Mdn =
31.12, post-match Mdn = 14.80, z = −3.33) and girls’ (pre-match Mdn = 15.14,
post-match Mdn = 9.23, z = −4.47) cortisol/DHEA molar ratios in addition to the total
sample, N = 45 (pre-match Mdn = 15.25, post-match Mdn = 11.48, z = −5.51), p ≤ 0.001
(Fig. 2).
Total Sample: Hormone Change, Class Team Rank, and Level of Participation
Due to the lack of sex differences in mean hormone changes for the dependent hormone
variables (percent change in androstenedione, percent change in cortisol, and DHEA
change; see BAssessing the Degree of Hormone Change between Sexes^ section),
subsequent analyses relied upon the total sample of participants to assess potential
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Fig. 1 Pre-match and post-match cortisol change, p < 0.001 (N = 45). For convention means are displayed.
Error bars represent ±1 standard error from means
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Fig. 2 Pre-match and post-match cortisol/DHEA molar ratio change, p < 0.001 (N = 45). For convention
means are displayed. Error bars represent ±1 standard error from means

relationships between the dependent variables, class team rank, and level of participation (active vs. non-active participation).
Class team rank was non-normally distributed. A statistically significant positive
correlation was identified between DHEA change and class team rank, N = 45, rs =
0.31, p = 0.039, which included all competitors irrespective if they attempted to answer
at least one or more questions. There was no relationship between class team rank and
percent change in androstenedione or percent change in cortisol (p > 0.05).
To explore whether the level of participation was related to hormone change and
class team rank, analyses were performed on active (n = 20; attempted to answer 1 or
more questions) and non-active (n = 25; did not answer any questions) groups independently. A significant positive correlation was revealed only among non-active
participants’ DHEA change and class team rank, rs = 0.45, p = 0.026, where competitors on worse performing teams experienced declines in DHEA on average, while
competitors from better performing teams tended to have slight increases in DHEA
(Fig. 3). These findings suggest that level of participation and team performance may
be related to differential responses in DHEA among juvenile competitors.
Total Sample: Hormone Change, Level of Participation, Match Outcome,
and Covariates
Next, analyses relied upon correlational, ANOVA, and ANCOVA tests to further
explore potential links between hormone change, level of participation, and outcome
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Fig. 3 DHEA match change plotted against non-participants’ class team rank for each classroom, with a ‘1′
indicating last place finishing teams and a ‘6′ for the top finishing teams, p = 0.03 (n = 25). The black line
represents the line of best fit

of the match, while controlling for covariates (age, BMI, PDS). Correlational analyses
assessed the relationships between DHEA change, percent change in androstenedione,
and percent change in cortisol (dependent variables) and covariates, while ANOVAs
compared the mean differences in the dependent variables with the level of participation and match outcome (winners vs. losers). If a statistically significant association
was identified, an ANCOVA was performed. The assumption of homogeneity of
regression was met for all possible interactions between the independent variables
and covariates (p > 0.05).
DHEA change was unrelated to all covariate measures, level of participation, and
match outcome (p > 0.05). BMI and PDS were unrelated to percent change in
androstenedione (p > 0.05), while age showed a positive significant relationship
with androstenedione percent change (p = 0.013). Additionally, age (p = 0.001)
and BMI (p = 0.043) were positively related to percent change in cortisol, while
PDS was unrelated (p > 0.05).
One-way ANOVAs identified that participation (p = 0.037) and match outcome (p =
0.002) were significantly related to percent change in androstenedione. One-way
ANCOVAs were conducted to investigate the influence of active participation (n =
20) and non-active participation (n = 25), and the effects of winning (n = 7) and losing
(n = 38), on mean percent change in androstenedione, after controlling for age. The
difference in androstenedione percent change between active and non-active participants approached statistical significance, F(1, 42) = 3.78, p = 0.059, η2 = 0.083. Additionally, age was significantly related to androstenedione percent change in the model,
F(1, 42) = 5.69, p = 0.022, η2 = 0.119. The assumption of homogeneity of variances
was tested and satisfied via Levene’s F test, F(1, 43) = 0.02, p = 0.881. Comparing
estimated marginal means showed that mean percent change in androstenedione was

Adaptive Human Behavior and Physiology

lower among active participants (M = −13.06%, SE = 5.15%), 95% CI [−23.46%,
−2.67%], compared to the non-active participants (M = 0.42%, SE = 4.60%), 95% CI
[−8.86%, 9.71%]. This result was unexpected. We would have predicted that androstenedione would have changed more and increased among active participants in
comparison to non-active participants.
Further, androstenedione percent change was significantly higher among winners
(M = 14.97%, SE = 9.27%), 95% CI [−3.73%, 33.68%], compared to competitors’ from
losing teams (M = −9.36%, SE = 3.71%), 95% CI -16.84%, −1.87%]. Age was not
significantly related to percent change in androstenedione in the model (p > 0.05).
Assumption of homogeneity of variances was met by Levene’s F test, F(1, 43) =
0.50, p = 0.482.
Next, match outcome (p = 0.003) was significantly related to percent change in
cortisol, but not with level of participation (p > 0.05). The influence of the match
outcome on the percent change in cortisol, after controlling for age and BMI, was
investigated via a one-way ANCOVA. Moreover, the Levene’s F test, F(1, 43) = 1.04,
p = 0.313, confirmed homogeneity of variances satisfied was met. After adjustment for
age and BMI, there remained a statistically significant effect among percent change in
cortisol and outcome, F(1, 41) = 9.33, p = 0.004, η2 = 0.185. Age was non-significantly
related to percent change in cortisol, F(1, 41) = 3.01, p = 0.091, η2 = 0.068, while BMI
was significantly related, F(1, 41) = 9.19, p = 0.004, η2 = 0.183. The following
reporting presents the adjusted means. Percent change in cortisol was statistically
significantly lower among competitors on losing teams (M = −45.55%, SE = 2.65%),
95% CI [−50.90%, −40.20%] compared to winners (M = −21.90%, SE = 6.95%), 95%
CI [−35.94%, −7.86%]. Thus, members from lower performing teams experienced a
significantly larger decrease in percentage of cortisol change compared to winners.
These results highlight that level of participation and outcome may be factors
influencing androstenedione and cortisol match changes, after adjusting for covariates.
Despite these findings, causal interpretations are limited due to the small and uneven
sample sizes between groups.
Active Participants: Hormone Changes and Individual Performance Measures
Spearman’s rank-order correlations were run to assess the relationship between active
participants’ (n = 20) number of correct responses, number of incorrect responses, and
overall performance, and DHEA change, percent change in androstenedione, and
percent change in cortisol. The number of correct and incorrect answers are assumed
to be related to competitors’ motivation to participate and/or competitive effort, while
overall performance (correct answers – incorrect answers) is presumed to be a measure
of actual individual performance, all of which conceivable are related to the psychological and emotional states of competitors and the degree of hormone changes.
A significant positive correlation was found between DHEA change and the number
of questions solved correctly, rs = 0.50, p = 0.026, in addition to the number of questions incorrectly answered, rs = 0.61, p = 0.004, but not with overall performance,
p > 0.05. Percent change in androstenedione was positively related to overall performance, rs = 0.49, p = 0.027, but not with the number of correct or incorrect answers.
Cortisol percent change was unrelated to all measures of performance (p > 0.05),
suggesting that DHEA and androstenedione competition changes may be more
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sensitive to individual performance effects compared to cortisol. However, given the
small sample size of active participants and the nature of correlational analyses, we
caution against making any causal interpretations.

Discussion
The aim of this study was to investigate salivary steroid hormone responses in Hong
Kongese boys and girls, aged 9–10 years, during a mixed-sex, team, math competition.
Testosterone and estradiol levels were generally low and unmeasurable. Salivary
androstenedione pre-match levels, but not pre-match DHEA or cortisol levels, were
significantly higher in girls compared to boys despite participants’ similar biological
age. Pre- and post-match cortisol and cortisol/DHEA molar ratios significantly decreased for the majority of participants, while pre- and post-match DHEA and androstenedione did not significantly change. No sex differences were observed between
boys’ and girls’ adrenal hormone responses to competition. Analyses of psychosocial
variables revealed that class team rank, level of participation, and match outcome were
partially associated with adrenal hormone changes. However, given that this study is
exploratory in nature, these results must be replicated with a larger sample size to
validate the findings. Finally, links between pre-match hormone concentrations, competition hormone changes, BMI, and PDS were observed.
The low levels of testosterone and estradiol measured suggest they may serve a
lesser role in the context of middle childhood non-physical competition in comparison
to the reactive effects observed in the adolescence and adult steroid hormone and
competition literature (e.g., Salvador and Costa 2009). Low levels of testosterone were
similarly reported among boys of comparable ages during physical competitions
(McHale et al. 2016, 2018a in press). Further, the observed sex differences in
pre-match androstenedione levels are consistent with evidence that girls typically
advance through adrenarche more quickly than boys. DHEA pre-match mean levels
were 22% higher in girls, which is consistent with previous studies indicating that girls’
baseline DHEA and androstenedione concentrations tend to be higher in comparison to
boys of similar ages (Kushnir et al. 2010). These findings are consistent with life
history differences whereby girls tend to have faster life history trajectories compared
with boys’ cross-culturally (e.g., Ellis 2004).
Despite sex differences in pre-match (baseline) androstenedione, boy and girl
competitors experienced similar patterned adrenal hormone responses in percent
change in androstenedione, percent change in cortisol, and DHEA change. These
results suggest that Hong Kongese juvenile boys’ and girls’ adrenal hormone responses
may be equally sensitive to academic competition.
Additionally, every boy and nearly every girl experienced a decrease in cortisol and
cortisol/DHEA ratio. In light of the known neuroendocrine stress responses to competition, childhood research on the Trier Social Stress Test, and cortisol responses to
basketball competition among girls, the overall direction of cortisol change was
surprising (Casto and Edwards 2016b; Dickerson and Kemeny 2004; Kudielka et al.
2007; Mazdarani et al. 2016). Cortisol and cortisol/DHEA ratio decreases may be
indicative of a more relaxed psychological state experienced in competitors during the
math competition among peers (i.e. in-group competitors). From our observations
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during the competition, participants were observed laughing, cheering, stomping their
feet, and generally expressive during the competition as the result of a participant’s’
correct and/or incorrect response. Despite no formal behavioral observation measures
being collected, these observations provide some evidence that participants were
emotionally invested in the competition.
Contrary to expectations, raw pre- and post-match DHEA and raw pre- and post-match
androstenedione levels did not significantly change during the math competition in boys or
girls, which contrasts with our previous findings on boys’ salivary steroid hormone
responses during team, athletic competitions (McHale et al. 2016, 2018a in press). Given
the small sample size, and expected small effect size (e.g., d = 0.03) of non-athletic
competition influencing acute steroid hormone changes, it is possible that these findings
are the result of Type II error. Despite these null results, our previous work demonstrated that
Hong Kongese and American juvenile boys’ adrenal hormone responses were sensitive to
different competitive athletic contexts (McHale et al. 2016, 2018a in press). Similar to the
math competition findings presented here, cortisol and cortisol/DHEA molar ratio was
also shown to significantly decrease during intra-squad soccer scrimmages only, where boys
competed against teammates (peers), while androstenedione exhibited no significant
change. Additionally, DHEA increased during both the intra-squad scrimmage
and soccer match conditions but was not associated with any psychosocial
variables, suggesting physical exertion effects related to athletic competition
likely played a substantial role in promoting DHEA release, which may account
for the null DHEA results during the math contest (Collomp et al. 2015).
Androstenedione has been reported to significantly increase following soccer match
play in boys, where participants competed against unknown opponents in front of a
moderate number of spectators (~30 people), but not after soccer trainings or
intra-squad soccer scrimmages involving peers (teammates) (McHale et al. 2016, 2018a
in press). Consequently, it is conceivable that the math competition was not sufficiently
meaningful to promote a high competitive effort to influence significant androstenedione
changes. The findings from the intra-squad soccer scrimmages, despite being an
athletically-based competition, have many parallels to the experimental design of the math
competition presented here. In particular, in the intra-squad soccer scrimmages and math
competitions participants competed against peers, with few spectators in attendance, and
for approximately the same duration of time (McHale et al. 2018a, in press). In contrast to
the reported math and intra-squad soccer scrimmage findings, boys experienced a significant rise in cortisol and androstenedione and no change in cortisol/DHEA ratio only
during the soccer match competitions, where participants competed against unknown
competitors (e.g., out-group) in front of greater numbers of spectators and parents.
Our previous and current findings provide a complementary approach for
interpreting boys’ and girls’ steroid hormone responses when participating in different
forms of social competition. Cognitive sensitivities to in-group and out-group competitors may influence the magnitude and direction of hormone change across physical and
non-physical competitive contexts, which is something we did not account for when
designing the math competition. Spectator effects also likely play a role in the psychophysiological stress response during a competition which could influence a competitor’s motivation, intensity, and overall competitive effort. It is conceivable that familiarity of in-group competitors (peers) presented an unforeseen confound in the math
competition study that subsequently limited our ability to detect competition-related
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changes in DHEA and androstenedione among the total sample of competitors. Similar
findings have been reported among adult males engaged in non-physical competition,
such that competitors experienced little to no testosterone change when competing
against in-group members but did experience testosterone rise when competing against
out-group members during the same type of competition (Flinn et al. 2012; Oxford
et al. 2010). These findings highlight parallels between adult testosterone and juvenile
androstenedione responses to competition.
Next, exploratory analyses investigated the extent to which percent change in
androstenedione, percent change in cortisol, and DHEA change may be related to class
team rank and level of participation. A positive correlation was identified between
DHEA change and class team rank among the non-active participant sample of
competitors only, indicating that non-active competitors from teams who performed
worse tended to experience larger decreases in DHEA, while competitors from better
performing teams experienced increases (Fig. 3). Interestingly, this relationship was not
found among active participants, indicating that team performance was only related to
non-active participants' DHEA change and not percent change in androstenedione or
percent change in cortisol in either group of participants.
It has been reported in adult men and women that participation is a key component
to detect competition-related changes in steroid hormones (Casto and Edwards 2016b).
In other words, participants who do not play but watch from the sidelines do not
typically experience acute steroid hormone change during physical competition. Given
that only 20 out of 45 competitors (8 boys and 12 girls) among the total sample
attempted to answer at least one question, which we defined as ‘active participant’, it
was feasible that non-active participants hormone responses in the total sample could
have confounded the hormone changes that occurred during the math competition. We suspect low participation may reflect the math contest being an
engineered, in-class competition, with no audience of spectators (e.g., parents),
resulting in an unforeseen low number of students who attempted to answer at
least one question during the contest.
Subsequent analyses found no effects of level of participation on DHEA change or
percent change in cortisol. However, active participants’ percent change in androstenedione approached a significantly greater decrease in androstendione during the competition in comaprison to non-active particpants' degree of androstendione change. This result
was unexpected. We would have predicted that active competitors’ androstenedione
would have increased significantly during the contest. Despite this unexpected result, it
does suggest that level of participation may influence androstenedione match changes.
Age was positively correlated with androstenedione percent change. Active participants’ experienced decreases on average compared to non-active participants and older
competitors tended to experience increases compared to younger participants. The
relationship between age and androstenedione competition change was also observed
among juvenile boy soccer competitors (McHale et al. 2018a, in press), suggesting that
juveniles’ androstenedione change may become more sensitive to competition with age
and/or because older juveniles possess higher levels of baseline androstendione.
Consistent with the adult human and competition literature which often shows testosterone rise occurs more frequently in winners (e.g., Casto and Edwards 2016b; Geniole
et al. 2017; Salvador and Costa 2009), participants from winning teams exhibited
increases in androstenedione percent change in comparison to losing competitors, who
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experienced decreases on average, after controlling for age. Furthermore, after adjusting
for age and BMI, despite both sets of competitors experiencing cortisol decreases on
average, the percentage of cortisol decrease among losing competitors was nearly twice as
great compared to winners. The low sample size and discrepancy between group sizes
warrants caution when interpreting these results (winners: n = 7; losers: n = 38). These
data provide preliminary evidence that match outcome may be a relevant factor shaping
the direction of androstenedione change and the magnitude of cortisol decrease among
juvenile competitors engaged in non-athletic competition against peers.
Lastly, individual performance has been suggested to influence steroid hormone
responses among adults (e.g., Salvador and Costa 2009). Among our sample, individual performance was examined by recording active participants’ (n = 20) number of
correct and incorrect responses and calculating their overall performance (number of
correct responses – number of incorrect responses). DHEA change was positively
correlated with the number of correct and incorrect responses reported, but not with
overall individual performance. The number of correct and incorrect responses may
indirectly capture overall competitive effort and/or motivational effects that are related
to DHEA changes among the active participant sample.
Percent change in androstenedione and percent change in cortisol were unrelated to the
number of correct and incorrect responses, however, overall performance was positively
correlated with percent change in androstenedione, where worse performing competitors
had greater decreases in androstendione in comparison to better performing active
participants. Thus, compared to DHEA and androstenedione, cortisol appears less sensitive to performance. However, given the small sample size of active participants and the
nature of correlational analyses, we caution against making any causal interpretations.
Similar findings have been reported among adult males’ testosterone responses
during non-physical team competitions. A study conducted by Oxford et al. (2010)
showed that only high-ranking men who contributed most to their team’s victory
experienced testosterone increases. Acute androstenedione responses in juvenile children may be related to similar competitive variables observed in the testosterone and
adult human competition literature, perhaps exerting a similar functional role for
pre-pubescent children as testosterone does in adults during competition. Parallels are
emerging between the factors that underpin testosterone change in adults (e.g., outcome, individual performance, in-group vs. out-group effects) and acute androstenedione changes among juvenile competitors (McHale et al. 2016, 2018a in press).
Interpretation of the aforementioned exploratory results must be met with caution
given the low and uneven sample sizes. Nonetheless, they do hint that behavior (e.g.,
level of participation) and cognitive variables, such as match outcome and team and
individual performance, may influence differential adrenal hormone responses within
juvenile competitors.
A rise in adrenal androgens is a hallmark of juvenility and adrenarche (Del Giudice et al.
2009) where DHEA increases are often employed as a characteristic marker (Rege and
Rainey 2012). Consistent with this endocrine process, a significant positive correlation was
observed within juvenile boys’ and girls’ pre-match DHEA and pre-match androstenedione
levels (Tables 2 and 3). This association also may reflect androgen biosynthesis effects,
which involves the conversion of DHEA to androstenedione (Kushnir et al. 2010).
Consistent with previously reported findings, a positive correlation was also identified
among boys’ and girls’ pre-match DHEA and BMI (Ong et al. 2004). Fat stores (greater
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BMI) and adrenal androgens, such as DHEA-S, have been shown to positively correlate
among naturalistic populations, aged 8–23 (Hodges-Simeon et al. 2017).
Individuals who scored higher on the PDS are expected to be in a more advanced
developmental state. Consistent with this assumption, pre-match androstenedione and PDS
were positively correlated for girls and approached significance in boys (Tables 2 and 3).
This reported sex difference likely reflects boys’ slight delay in adrenal maturation compared
with girls in this sample. Surprisingly, this effect was not found for DHEA, providing
support that androstenedione may be a more reliable indicator of adrenal maturation.
A significant positive correlation was observed between competition-induced cortisol and androstenedione change in boys and girls (Tables 2 and 3). Parallel findings
were also reported in our previous work among Hong Kongese boys’ (aged 8–11 years)
during athletic competitions (McHale et al. 2018a, in press, 2018b in press). These
cumulative findings provide further evidence that androstenedione and cortisol responses may be tightly linked in juveniles when experiencing acute stressors of
competition across variable contexts. Research on adults have reported that cortisol
and testosterone are consistently associated as a predictor of attained status
(dominance) and cortisol influences testosterone activity among adults (e.g., Mehta
and Josephs 2010; Mehta and Prasad 2015; Sherman et al. 2016). This phenomenon
has been described as the dual-hormone hypothesis (Mehta and Josephs 2010), which
may have relevance for interpreting and predicting adrenal hormone responses, where
cortisol and androstenedione, not testosterone, appear tightly coordinated in juveniles.
Similarities also emerge when comparing the results from a non-physical, dyadic
competition among college-aged men, where the change in testosterone (androstenedione was not measured), pre-competition testosterone, pre-competition cortisol, and
cortisol change were related (Mehta and Josephs 2006).
Mehta and Josephs (2006) further speculate that cortisol may suppress testosterone
secretion and thus testosterone/cortisol ratio could be considered one indicator of
anabolic/catabolic balance. This is consistent with our findings among boys, but not
girls. Higher pre-match cortisol levels were related to larger androstenedione decreases.
Juvenile boy soccer players and table-tennis competitors have also exhibited a negative
association between pre-match cortisol and androstenedione competition changes
(McHale et al. 2018a, in press, 2018b in press). It remains unclear if two hormones
secreted from different layers within the adrenal gland (androstenedione: zona
reticularis; cortisol: zona fasciculate) and under stimulation of the same mediator
(adrenocorticotropic hormone), could negatively regulate the other. Alternative hormone pathways, such as the conversion of androstenedione by peripheral
DHEA, may also be of relevance. DHEA has been implicated as a regulator
of HPA axis activity in adults as a functional cortisol antagonist (e.g., Maninger
et al. 2009). It is unclear if androstendione could exert similar antagonistic
effects among juveniles. Further, it raises the question as to why girls did not
exhibit this same correlational trend among math competitors.
Moreover, pre-match cortisol was negatively correlated with cortisol change among
both sexes (Tables 2 and 3), indicating that participants who had higher pre-match cortisol
levels had larger cortisol decreases during the math competition. This relationship was
also found during morning table-tennis competitions and late afternoon soccer contests in
juvenile boys (McHale et al. 2018, in press, 2018b in press). Higher pre-match cortisol
levels may also be related to heightened stress induced by the experimental competitive
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treatment (e.g., Casto and Edwards 2016b). Without having true baseline cortisol measures from participants on a non-competition day, collected at the same time of match
sample collection, the interpretation of these findings remains speculative.
This study benefited from several strengths. To our knowledge, this is the first study
to investigate boys’ and girls’ acute steroid hormone responses during a non-physical,
mixed-sex, team competition. In addition, the experimental design allowed for both
sexes to compete simultaneously, while collecting multiple salivary steroid hormones
(testosterone, estradiol, DHEA, androstenedione, cortisol) and psychosocial variables,
and controlling for age, BMI, and PDS. In addition, efforts were made to ensure all
salivary hormone collections occurred in the morning. One of the additional benefits of
this study design is that it utilized mixed-sex playgroups, which are more indicative of
ancestral environments in which children routinely played living as hunter-gatherers for
the majority of our species’ existence (Crittenden 2016; Gray 2015; Konner 2010).
Moreover, these data were collected among an underrepresented non-Western population of urban Hong Kong children in a naturalistic setting, which is likely to evoke a
greater and more accurate hormone response than clinical or lab settings (Geniole et al.
2017). Ideally, we would like to conduct a similarly designed study during an actual
regional math competition, with a large sample size, against unfamiliar competitors, in
front of spectators, to garner a more comprehensive picture of steroid hormones
responses to psychological stress during more meaningful non-physical competition.
Alongside a small sample size, there are several limitations that constrain the
interpretation of the present results. There was no control condition in which participants’ baseline hormone measures were assessed on a non-competition day. Additionally, during the morning hours many baseline steroid hormone levels, particularly
cortisol, are at their peak. Thus, even small increases in the hormone measures may
not have been detected. Consequently, causal interpretations of these findings must be
tempered. It is possible that cortisol decrease represents a diurnal decline in cortisol.
However, in light of our previous work that revealed cortisol significantly decreased in
boys during intra-squad soccer scrimmages against teammates and increased during
soccer match play against unknown competitors for late afternoon/early evening
collection times (McHale et al. 2018a, in press), and given the short duration between
saliva collection times during the math competition (~ 30 min), we infer that the math
data reflect participants’ physiological response to non-athletic competition against
peers. Replicating the math competition’s study design, while utilizing afternoon
sample collection times and collecting hormone control measures, would reduce the
influence of morning circadian trends and strengthen causal claims.
Competing against familiar peers may have also muted DHEA and androstenedione
change in the total sample of competitors, similar to testosterone related changes
reported in adults engaged in non-physical competition among in-group members
(Flinn et al. 2012; Oxford et al. 2010). Measures of mood, self-efficacy, and motivation
would have been useful to get a better idea of the psychological state of mind of the
competitors during the competition. Future work would benefit from incorporating
psychological indices of mood, competitiveness, motivation, along with systematic
behavioral observation measures, in conjunction with steroid hormone measures across
in-group and out-group physical and non-physical competitive contexts. Furthermore,
research should investigate steroid hormone responses to dyadic forms of competition
among boys and girls in different sociocultural contexts.
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Conclusion
This study explored the changes in acute salivary steroid hormone responses among
juvenile boys and girls during a non-physical, team, mixed-sex academic competition.
In the current study, both boys and girls exhibited similar patterned hormone responses.
While cortisol decreased during the competition, DHEA and androstenedione did not
substantially change. Psychosocial variables were partially related to adrenal hormone
changes. Consistent links among pre-match DHEA, androstenedione, and cortisol and
competition hormone changes were also identified, providing further evidence that
cortisol and androstenedione competition change may be related among juveniles.
These data provide new insight into steroid hormone responses during middle childhood non-physical competition while highlighting factors, such as age, competitor type,
level of participation, outcome, and team and individual performance measures that
are worthy of consideration for future research. These results are relevant to life
history approaches for investigating the proximate and ultimate processes that
likely influence steroid hormone activity during middle childhood social development, a time when primary sex steroids secretion is low.
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