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Abstract OBJECTIVE: Little is known regarding the relationship between cortisol (a stress 
hormone) levels and psychological cognitive styles. Baron-Cohen proposed two 
fundamental cognitive styles, which are measured by the Empathy Quotient (EQ) 
and the Systemizng Quotient (SQ). Previous studies have examined the influ-
ences of prenatal testosterone exposure on EQ and SQ scores. This study aimed to 
examine the relationships between morning cortisol levels and EQ and SQ scores, 
and the ‘brain types’ which were determined by two quotients in both sexes. These 
relationships are potentially important in the developmental psychopathology of 
autism and neuroeconomics of empathy. 
METHODS: We assessed morning cortisol levels with LC/MS (liquid chromatogra-
phy-mass spectrometry) and ESQ in healthy male and female university students. 
CONCLUSIONS: Results indicate clear sex differences between brain types: i.e. E-
type males and S-type females (participants with atypical cognitive styles) have sig-
nificantly higher cortisol levels than S-type males and E-type females (participants 
with typical cognitive styles). Implications for the role of sex in social adaptation of 
autistic patients are discussed.

1.
2.

3.
4.
5.

INTROducTION

Recently it has been suggested that ‘empathiz-
ing’ and ‘systemizing’ are dimensions of ‘essential 
difference’ in the mind processes between males 
and females, although the underlying neuroen-

docrinological mechanisms are still unknown. 
Empathizing is described as being an important 
way in which we understand and predict our social 
world. Systemizing, on the other hand, is described 
as being an important way in which we understand 
and predict the law-governed inanimate universe 
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[1]. Systemizing is a process or drive, which allows us to 
analyze or construct systems, such as technical systems, 
natural systems, abstract systems, social systems (e.g. a 
political election, a legal system), organisable systems, 
and motoric systems [1]. On the other hand, empathiz-
ing is a psychological process or drive, which allows us 
to recognize another person’s emotions and thoughts 
[1]. Empathizing is a broader concept than that often 
referred to as the ‘theory of mind’ (representing another 
person’s mental state, intention, thought), which includes 
attributing one’s own emotions or mental attitudes to 
others, nature, or art work (i.e. indicated by the word 
‘empathy’ or ‘sympathy’). Further, the nascent field of 
neuroeconomics has also started to study neural and 
hormonal correlates of empathy [2].

The Empathy Quotient (EQ) and the Systemizing 
Quotient (SQ) used in this study, were constructed to 
measure the degree of empathizing and systemizing in 
individuals and to test the E–S theory [3,4]. Both the EQ 
and SQ comprise 40 questions assessing empathizing or 
systemizing respectively. Using objective measures such 
as these, evidence is emerging that males are tend to 
score higher on systemizing and females score higher on 
empathizing [3]. 

According to the E–S theory, individuals who are 
higher on an empathizing style have a Type E (Empathiz-
ing) brain. Individuals who are higher on a systemizing 
style have a Type S (Systemizing) brain. Individuals in 
whom empathizing and systemizing are equally balanced 
have a Type B (Balanced) brain. Individuals with Asperger 
syndrome (AS) or high functioning autism (HFA) fit the 
profile of either average or even hyper-systemizing, with 
below-average empathizing. This brain type is described 
as an ‘extreme Type S’ [3].

In previous studies, we have shown that males scored 
higher than females on the SQ, and females scored higher 
than males on the EQ, irrespective of cultural differences 
[5]. Moreover, on average, more males than females have 
a Type S brain, and more females than males have a Type 
E [1,5,6,7]. Neuroeconomic studies also demonstrated, by 
utilizing functional magnetic resonance imaging (fMRI), 
that female brains show stronger empathic responses to 
others’ pain than male brains, even in economic transac-
tions and strategic social interactions [2].

Baron-Cohen and colleagues’ extreme male brain 
hypothesis states that autism is associated with high SQ 
and low EQ, resulting in poor social skills and relatively 
potent ability to understand technical systems [1]. Studies 
have shown that the Autism-Spectrum Quotient (AQ) is 
positively related with a high SQ- and low EQ- (exagger-
ated male type) cognitive style [3]. The clinical finding 
that most autistic patients are males also supports the 
hypothesis. These results suggest that investigating 
neuroendocrinological sex differences in relation to 
EQ/SQ is important for a better understanding of the 
neuro-cognitive basis of autism.

In relation to the neuroendocrinological mechanism 
of autistic tendency (i.e. high SQ and low EQ), Auyeung 

et al. [8] suggested that fetal testosterone levels are associ-
ated with high SQ and low EQ in children. However little 
is known regarding the roles of EQ and SQ in modulating 
stress hormone (cortisol) levels. This point is important 
for elucidating the sex differences in social adaptation 
of patients with autism. It is important to reiterate here 
that typical males have an S-type (high SQ and low EQ) 
cognitive style, while typical females have an E-type (low 
SQ and high EQ) cognitive style. 

Cortisol is known as a stress hormone, which is se-
creted via stress-induced amygdala-HPA (hypothalamic-
pituitary-adrenal) activation, and modulates various 
types of neural activities [9]. Baseline and acutely elevated 
cortisol levels are associated with cognitive functions, 
such as memories [10,11], and attention [12]. Notably, 
morning cortisol levels are strongly correlated with 
participants’ (trait) negative affect [13]. We have previ-
ously shown that interpersonal trust is negatively associ-
ated with social stress-induced cortisol elevation [14].

Several studies reported higher ACTH (adrenocor-
ticotropic hormone) levels in individuals with autism/
Asperger syndrome, but whether autistic patients have 
higher cortisol levels than normal control participants 
is still controversial [15,16]. This problematic situation 
is due to previous studies’ lack of attention to sex dif-
ferences in cognitive brain types (i.e. EQ/SQ). To our 
knowledge, no study to date has examined the role of sex 
in the relationship between autistic tendency in terms of 
EQ/SQ and stress hormone levels. Taken together, exam-
ining the relationship between a morning cortisol level 
(an indicator of participates’ chronic, long-term stress 
levels, rather than short-term, state-dependent stress 
levels) and cognitive styles (i.e. EQ/SQ) is important to 
understanding sex differences in social adaptation of 
patients with autistic tendency. In an initial attempt to 
understand this relationship, we examine the relation-
ships between morning cortisol levels and EQ/SQ scores 
in healthy male and female university students.

MeTHOds

Participants
A total of 128 (63 female; 65 male) healthy university 

students aged between 18 and 25 years participated in 
the present study. Participants with neuropsychiatric or 
neuroendocrine diseases were not included in the study.

Assessment of morning cortisol levels  
and cognitive styles
Saliva samples were collected from each participant 

in the morning of the experiment day (15–30 min after 
awakening). Saliva was collected from the participants 
using Salivette (Sarstedt, Rommelsdorf, Germany) col-
lection devices. The saliva samples were stored at −20 °C 
until a biochemical analysis was conducted. Before assay-
ing the saliva samples for cortisol, they were thawed and 
centrifuged, which results in low viscosity saliva. Corti-
sol levels in the saliva samples were assessed by Teikoku 
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Hormone Medical Co. Ltd. which has significant expe-
rience in various hormone assays, by utilizing LC/MS 
(liquid chromatography/mass spectroscopy) method 
[17], which can more precisely measure hormone levels 
than conventional radioimmunoassay (RIA). Staff at the 
company did not know the nature of the present study. 
On the same day, participants answered both the EQ and 
SQ questionnaires.

The Empathy Quotient (EQ) and  
Systemizing Quotient (SQ)
The original versions of the EQ and SQ are self-admin-

istered and force-choice formats. Each of them consists 
60 items (40 items of measuring empathy/systemizing, 
20 items of filler). In the present study, we used the short 
versions of the EQ (EQ-short) and the SQ (SQ-short), 
which were highly correlated with the original EQ and 
SQ, respectively [18]. EQ-short has 22 items (six of 
them are reversal items) are and SQ-short has 25 items 
(thirteen of them are reversal items). Participants have 
to choose the option for each question from “strongly 
agree”, “slightly agree”, “slightly disagree”, and “strongly 
disagree”.

Statistical analysis
EQ and SQ scores were calculated for each partici-

pant. Participants were then classified into three ‘brain 
types’: S-type (high systemizing and low empathizing), 
E-type (low systemizing and high empathizing), and 
B-type (a balanced cognitive style), according to criteria 
previously developed [18].

ResulTs

The characteristics of morning cortisol levels and 
EQ/SQ of the participants are presented in Table 1. 
Participants’ averaged morning cortisol levels were 
similar to values reported in previous studies employing 
LC/MS [19]. As noted above, participants’ brain type 
was determined by their EQ and SQ scores. We found 56 
participants were non-B type (i.e. did not have a balanced 
cognitive style). Of this group we found eight E-type 
males, 16 S-type males, 23 E-type females, and nine S-
type females. The observed sex difference in brain types 
is consistent with previous finding that males tend to be 
S-type, while females tend to be E-type. We found no 
main effects (sex nor brain type differences) for morning 
cortisol levels (Sex: p=0.624>0.05; Type: p=0.662>0.05). 
In order to further examine the role of sex in the rela-
tionship between morning cortisol levels and brain type, 
we analyzed the interaction between brain type and sex. 
We observed a significant interaction between sex and 
cognitive brain styles (p=0.026<0.05, Figure 1). Namely, 
male E-type and female S-type participants had signifi-
cantly higher morning cortisol levels in comparison to 
male S-type and female E-type participants.

dIscussION

This study is the first to report that male E-type and 
female S-type participants have higher cortisol levels in 
the morning (waking cortisol levels) than male S-type 
and female E-type participants. This ‘atypical’ finding 
could have interesting clinical implications, as it has also 
been reported that elevated waking cortisol levels are 
associated with depression and neuroticism [20,21]. It 
is again to be noted that the extreme male brain theory 
of autism states that essential characteristics of autistic 
tendency is an extremely male-type cognitive style (i.e., a 
hyper-systemizing and impaired empathizing tendency), 
indicating that S-type participants may be more “autis-
tic” than E-type participants [1]. Taken together, S-type 
females (i.e., females with high autistic tendency) may be 
more susceptible to mood disorders such as depression 
than males with high autistic tendency. In contrast, E-
type males (i.e., atypically “less autistic” males) may be 
more susceptible to mood disorders than E-type females 
(i.e., typically “less autistic” females). Regarding sex dif-
ferences in stress-induced cortisol elevation, a previous 
study [22] reported that females are more responsive 
to social rejection; while males are more responsive to 
achievement challenge. Considering that avoiding social 

Table 1. Means (SDs) of the participants’ morning cortisol levels and 
EQ/SQ scoring.

Female (N=63) Male (N=65)

Morning cortisol levels (ng/mL) 3.38 (2.09) 3.21 (1.81)

EQ 34.38 (10.81) 33.17 (10.23)

SQ 18.90 (10.19) 25.20 (10.56)

We did not observe main effect of sex on morning cortisol levels.

Figure 1. Morning cortisol level of each Baron-Cohen’s brain type in 
males and females. The vertical axis indicates morning cortisol levels 
in the saliva (ng/mL). E-type males and S-type females (atypical 
Brain type-subjects) had significantly higher cortisol levels than  
S-type males and E-type females (typical Brain type-subjects).
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rejection requires potent social skills and achievement 
challenge may require (non-social) systemizing abilities, 
this finding is in line with our present finding that high 
autistic tendency (S-type cognitive style) is psychoneu-
roendocrinologically more detrimental to females than 
males. On the basis of this finding it is important that future 
studies examining the difference in cortisol and ACTH 
levels between control and individuals with autism/As-
perger syndrome should pay attention to sex differences. 

It has been suggested that the relationship between 
E–S brain types and sex could have biological and ge-
netic origins. Specifically, systemizing ability may have 
enhanced male adaptation in evolutionary processes as 
a law-detector and a change-predicting device, while 
empathy may have enhanced female adaptation [23]. 
Our results further extend this understanding into the 
social adaptation domains, suggesting that autistic ten-
dency may be a type of over-adaptive systemizing and 
impaired empathizing function, which is consistent with 
the extreme male brain theory of autism.

Limitation and future directions
In this study we did not assess participants’ testosterone 

levels. Developmental psychopathological studies 
have demonstrated that excessive prenatal testosterone 
exposure is associated with S-type cognitive style [8]. 
Furthermore, recent neuroendocrinolgocial studies 
have shown that testosterone is converted into estradiol  
(a female hormone) in the brain regions such as the 
hippocampus [24]. Both the relationship between 
testosterone and estradiol, and E–S brain types should be 
examined in future studies. Concerning neuroeconomics 
of empathy [2], because little attention has been paid to 
E- and S- brain types in examining sex differences in 
empathic brain responses to others’ pain and monetary 
loss, future studies should consider participants’ brain 
types (E- or S- type), in addition to sex.
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