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Titulo: La ratio interdigital D2:D4 y su relacién con otros indicadores de
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autista.

Resumen: La ratio D2:D4 es el cociente entre la longitud de los dedos
indice y anular e indicador indirecto de androgenizacion. A mayor testoste-
rona prenatalincrementa la probabilidad de desarrollar una menor ratio
D2:D4. Se ha sugerido que personas con trastornos del espectro autista
(TEA) y sus progenitores podrian tener cerebros altamente androgeniza-
dos, por lo que se ha utilizado como marcador de tal idiosincrasia. El obje-
tivo principal es analizar si los progenitores de personas con TEA difieren
de la poblacion general en diversos parametros de androgenizacion, princi-
palmente la ratio D2:D4. La muestra estuvo compuesta por 43 progenitores
de personas con TEA y 42 controles, de los que se midieron la ratio
D2:D4, cuestionarios rasgo y niveles de testosterona y cortisol en saliva.
Aunque no se encontraron diferencias por grupo en la ratio D2:D4, la ratio
de la mano izquierda de progenitores de personas con TEA mostré mayor
capacidad predictiva para explicar los cocientes de empatia y autismo, con-
ductas cooperativas y niveles de cortisol. Ademds, en los progenitores va-
rones predijo la gravedad de los hijos. Los resultados obtenidos indican que
la ratio D2:D4 podtia ser empleada, junto a otros pardmetros, como indi-
cador de la probabilidad de desarrollar rasgos autistas en los descendientes.

Palabras clave: Androgenizacién; cortisol; ratio D2:D4; trastornos del es-
pectro autista; testosterona.

Abstract: The 2D:4D ratio is the quotient between the index and ring fin-
ger lengths and is a non-direct indicator of androgenisation. If prenatal tes-
tosterone levels in the amniotic fluid are high then the probability increases
of developing lower ratio values. It has been suggested that people with au-
tism spectrum disorders (ASD) and their parents may have highly andro-
genised brains, and for this reason the 2D:4D ratio is used as a marker of
such idiosyncrasies. This study aims to analyse if parents of people with
ASD differ from the general population in several parameters of andro-
genisation related to the 2D:4D ratio. The sample was composed of 43
parents of offspring with ASD and 42 controls who had the 2D:4D ratio
measured, answered several trait questionnaires, and had their testosterone
and cortisol levels measured. Although there were no differences between
groups in the 2D:4D ratio, the left hand of the ASD parents showed
greater predictive ability to explain empathy and autism quotients, coopera-
tive behaviour, and cortisol levels. In addition, the severity of the symp-
toms of their offspring was predicted only with male parents. The results
indicate that the 2D:4D ratio could be used together with other parameters
as an indicator of the likelihood of developing autistic traits in offspring.
Key words: androgenisation; cortisol; 2D:4D ratio; autism spectrum disor-
ders; testosterone.

Introduction

The 2D:4D ratio or quotient between the index and ring
finger lengths is considered a non-direct indicator of andro-
genisation (Schneider, Pickel & Stalla, 2006). Accordingly,
the greater the exposure and sensitivity to prenatal testoster-
one and corresponding reductions in oestrogens, the greater
is the likelihood of developing a lower ratio (Manning, Bun-
dred, Newton & Flanagan, 2003). Therefore, men will show,
in general, lower values for this parameter than women
(Breedlove, 2010). Additionally, the stability of the ratio over
time in humans from two years of age has been proven, and
there are no major variations during puberty (Knickmeyer &
Baron-Cohen, 2000).

In humans, the 2D:4D ratio has been associated with
health, cognitive profiles, physiological variables, personality
patterns, and with the activator effects of hormones in
adulthood. However, the results that relate these variables
have been conducted, in general, with different samples and
in separate studies. This fact makes it difficult to extract in-
tegral conclusions when explaining which role this indicator
plays as a predictor of possible interactions between andro-
genisation, cognition, and health.
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In terms of cognitive patterns, men often have more in-
terest in objects and the laws underlying reality than for
people and so they are more systematic (Baron-Cohen,
2002). This cognitive style is named ‘S type’, whereas an ex-
cessive systematising has been named ‘S extreme’, and is re-
lated to people affected by autism spectrum disorder (ASD).
According to empathy and systematising theory, this cogni-
tive style represents one of the endpoints of a continuum
where people who are excessively empathetic will be situated
at a far end called ‘extreme E’ (Baron-Cohen, 2010a). These
cognitive styles have been related with the 2D:4D ratio,
which means low ratio-values are associated with high values
in systematising and less in empathy (Von-Horn, Bickman,
Davidsson & Hansen, 2010). Futrthermore, women with
lower 2D:4D ratios, or with more androgenisation, show a
more systematic cognitive style (Valla et al., 2010), whereas
women with no androgenisation show ‘E type’ cognitive
style or greater empathy (Wakabayashi et al., 2006). There is
empirical data showing a high susceptibility for developing
depression and neuroticism depending on a certain cognitive
style, which means men with ‘E type’ style and women with
‘S type’. A physiological indicator of this effect could be
higher cortisol levels than people with a standard cognitive
style (Nakayama, Takahashi, Wakabayashi, Oono & Rad-
ford, 2007).

The 2D:4D ratio has been related with psychological
trait-variables such as aggtessivity. In this respect, low ratio-
values have been associated with physical aggression in men
(Bailey & Hurd, 2005) and with reactive aggression in
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women (Benderlioglu & Nelson, 2004). There is a greater
level of cooperation in young adults of both genders with
lower 2D:4D ratios (Millet & Dewitte, 2006). This indicator
has been related to either the organising effects or activating
effects of testosterone and cortisol. At a prenatal level, a
predominance of the levels of testosterone compared to oes-
trogens in the amniotic fluid has been associated with the
development of a smaller 2D:4D ratio (Lutchmaya, Baron-
Cohen, Raggatt, Knickmeyer & Manning, 2004). The results
on the relationship between testosterone and the 2D:4D ra-
tio in adults are inconsistent, while in infertile men a nega-
tive correlation between both parameters has been described
(Manning et al., 2004), whereas there is no relationship with
the non-clinical population in both genders (Hénekopp, Bar-
thold, Beier & Liebert, 2007). However, a recent study has
shown that women (non-clinical population) with lower val-
ues of the 2D:4D ratio were susceptible to the effects of the
exogenous administration of testosterone and decreased
their scores for empathy (van-Honk et al, 2011). Moreover,
there is also evidence that the 2D:4D ratio is related to other
hormones such as cortisol. The levels of this hormone pre-
dicted values of the 2D:4D ratio for the right-hand in non-
clinical populations of both genders (Beaton, Rudling,
Kissling, Taurines & Thome, 2011) although the significance
of this relationship has not yet been clarified.

These indicators of androgenisation have been used in
general for the analysis of clinical populations such as people
with ASD, but a possible use to characterise the idiosyncra-
sies of their parents has been neglected. It has been hy-
pothesised that these people have, to a greater extent than
the general population, autistic traits reflected in lower val-
ues of the 2D:4D ratio and high scores on the autism quo-
tient (Wheelwright, Auyeung, Allison & Baron- Cohen,
2010). This data allows us to frame this population in the
broad autism phenotype (BAP) (Manning, Baron-Cohen,
Wheelwright & Sanders, 2001) and they are supported by a
genetic predisposition in the etiology of these disorders
(Buxbaum, Baron-Cohen & Devlin, 2010).

Considering the evidence that could refer to an idiosyn-
cratic endophenotype of parents of offspring with ASD, the
purpose of this paper is to examine if the parents of off-
spring with ASD have idiosyncratic features that differenti-
ate them from the general population, using different mark-
ers of androgenisation, and with a particular emphasis on the
2D:4D ratio. Another aim is to analyse whether this indica-
tor could be used as a predictor of other psychobiological
variables related with androgenisation and the severity of
ASD. It is hypothesized that patents of people with ASD
would be more androgenised than the normal population.
Accordingly, they would be framed in the BAP as the
2D:4D ratio is a good indicator of the condition (Manning et
al., 2001). Furthermore, in line with the results obtained in
previous studies at a cognitive level (Baron-Cohen, 2010b)
we hypothesise that this indicator does not differ when
comparing parents of people with ASD, given its high an-
drogenisation. Finally, the 2D:4D ratio predicts the severity

of the symptoms of offspring with ASD, so a lower ratio
would be associated with more severe symptoms (Manning
& Bundred, 2000).

Methods

Participants

The final sample consists of 85 people aged between 31
and 63 years (M = 44.27, §D = 6.58) and with a body mass
index (BMI) of M = 26.80, SD = 4.70 kg / m?, who partici-
pated voluntarily and signed an informed consent in accot-
dance with ethical standards for human research. The ex-
perimental group consisted of 43 subjects, all fathers (#z =
16) or mothers (7 = 27) of offspring with ASD. The control
group consisted of 42 fathers (# = 19) and mothers (z = 23)
with similar characteristics to the experimental subjects, and
whose children do not suffer any ASD or other chronic dis-
orders. The ages of the offspring with ASD ranged from 5
to 30 years (M = 14.25, §D = 5.73), with a gender distribu-
tion of 34 men and 7 women.

Procedure

Participants were scheduled to attend the laboratories of
the psychology faculty at the University of Valencia, having
previously been asked not to eat food or drink (except wa-
ter, brushing teeth, or chewing gum) during the two hour
period before arrival at the laboratory. The experimental ses-
sions lasted approximately an hour and a half and were car-
ried out between 16:00 and 19:00 pm (when cortisol levels
are most stable) (Dickmeis, 2009).

After arrival in the laboratory, subjects were taken to a
room with a constant temperature (2211°C) and the an-
thropometric variables including weight, height, 2D:4D ra-
tio, and socio-demographic variables were recorded. Two
samples of saliva were then collected for determining hor-
mone cortisol (Csal) and testosterone (Tsal), the first of the
sample was taken at the end of the collection of anthropom-
etric data and the last collection was within 20 minutes. Par-
ticipants then completed questionnaires that assessed the
psychological dimension feature type and, in the case of par-
ents of offspring with ASD, a questionnaire aimed at assess-
ing the degree to which their children suffer from autism.

Variables and measurement instruments
2D:AD ratio

To calculate the 2D:4D ratio three separate measure-
ments of the length of the index finger (2D) and the ring
finger(4D) of both hands were made. Measurements were
made on the ventral side of the hand. The length of the fin-
ger was taken from the proximal fold at the base of the fin-
ger to the tip thereof, as this measurement procedure has a
high replication (Schneider et al., 2006). For this purpose we
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used digital calipers with an accuracy of 0.01 mm. Two of
the three measurements were made directly by two investi-
gators, while the third was performed using a scanner for
subsequent measurement. The value of the 2D:4D ratio for
each hand was obtained by calculating the arithmetic mean
of three measurements, as has been done in previous studies
(Schneider et al., 2006). Furthermore, as an additional index
of androgenisation, we obtained the directional asymmetry
ratios of both hands (D,,_/). For this, the value of the 2D:4D

ratio of the left hand to the right hand was subtracted
(Rahman & Wilson, 2003).

Trait psychological variables

The empathy quotient (EQ) consists of 60 items that are
distributed on a Likert scale from 0 to 2, 40 of which relate
to empathy while the remaining 20 control-items did not
count for obtaining the total score. The higher the score, the
greater the empathy (Baron-Cohen & Wheelwright, 2004).

The systematisation quotient (SQ-R) consists of 75 items
distributed so that 55 relate to the systematic and 20 are con-
trol items. Correction and interpretation of this survey is
similar to those of EQ (Wheelwright et al., 2000).

Cognitive styles were calculated according to the formu-
las: E2 = (SQ-R-55,6) / 150; F2 = (EQ-44,3) / 80; G2 =
(E2-F2) / 2. Accotding to the value, G2 is classified as ‘Ex-
treme §* (G2 = .21), ‘S Type’ (G2 = .04), ‘B Type’ (G2 = 0);
‘E Type’ (G2 = - .021) and ‘Extreme E’ (G2 = - .21) (Waka-
bayashi et al., 2000).

The adult antism questionnaire (AQ adults) is composed of
50 items that quantify autistic traits. This self-administered
questionnaire is often used to detect autistic features in
adults such as Asperger syndrome or individuals with high
functioning autism (Baron-Cohen, Wheelwright, Skinner,
Martin & Clubley, 2001).

The version of the autism questionnaire for adolescents (adoles-
cent AQ) consists of 50 items that quantify autistic traits. The
higher the score the greater the severity of the symptoms.
This is an adapted version of the autism spectrum coeffi-
cient for children and adolescents aged 9 to 16, although it is
also valid for older people (Baron-Cohen, Hoekstra, Knick-
meyer & Wheelwright, 2006) and is designed to be com-
pleted by parents or carers.

Empathy was assessed from the Spanish version of ‘inter-
personal reactivity index’ (IRI) (Mestre, Frias & Samper,
2004) which consists of four subscales (perspective taking,
empathic concern, fantasy, and personal distress) and is
composed of 28 items which are scored on a Likert scale
from 1 to 5.

Coaperativity was assessed with the subscale of coopera-
tion of the revised Spanish version (Gutiérrez-Zotes et al.,
2004), ‘temperament and character inventory’ (Cloninger,
Svrakic & Przybeck, 1993). It consists of 37 items rated on a
Likert scale of 1 to 5 grouped into six subscales: social tolet-
ance, empathy, altruism, compassion integrity, and fellow-
ship, and a final score obtained from the sum of the above.
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Anger was assessed using the Spanish adaptation of ‘an-
ger expression inventory state-trait STAXI-II” (Miguel-
Tobal, Casado, Cano-Vindel & Spielberger, 2001). We as-
sessed either trait anger or anger expression. The question-
naire consists of 49 items distributed into six scales: two for
trait anger (temperament and angry reaction), and four for
the expression of anger (expression-in, expression-out, con-
trol-in and control-out). A general index of anger expression
(IAE) being extracted from the last four scales.

Hormonal analyzes (Csal and Tsal)

The basal levels of hormones were obtained from two
samples of saliva. The Csal was collected using a Salivette
(Sarstedt, Rommersdolf, Germany) and Tsal directly by sali-
vation through a glass tube. The samples were frozen at -
20°C until analysis by radioimmunoassay and LIA, respec-
tively.

The reactives used for Csal were count-a-count Cortisol
(DPC, Siemens Medical Solutions Diagnostics). The samples
were measured in duplicate and all those belonging to the
same participant were included in the same assay. The coef-
ficient of variation inter-duplicate maximum considered for
the repetition of the determination was set at 8%. Assay sen-
sitivity was 0.5 ng/dl. The coefficients of intra-and intet-
assay variation were 2.8 and 5.3% respectively. All values are
expressed in nmol / 1.

The reactives used for the Tsal were the ‘saliva testoster-
one ELISA Kit' testosterone (dbc-Diagnostics Biochem
Canada Inc.). Chemiluminescence inmunoassay (LIA) was
used for its determination. Assay sensitivity was 1 pg / ml.
The coefficients of variation intra-and inter-assay were 3.98
and 7.98% respectively. All values ate shown in pmol / L
Due to an insufficient volume of saliva from seven subjects,
37 experimental subjects (14 males and 23 females) and 41
control subjects (19 males and 22 females) were used in the
data.

Data Analysis

Univariate ANOVAs were performed with between-
subject factors ‘group’ and ‘gender’ for the 2D:4D ratio and
the anthropometric variables (age and BMI), psychological
(aggression, empathy and cooperativeness), and hormonal
(Tsal and Csal). For the analysis of the frequencies of the
sociodemographic and cognitive styles, chi-square statistics
were used — it having been previously found that they are
normally distributed, using the Kolmogorov-Smirnov statis-
tic (p <.001).

The a posteriori-tests were performed using the Bonferroni
test. Linear regressions were used to study the association
between the 2D:4D ratio and androgenisation variables and
the severity of symptoms of the children.

All statistical analyses were performed using SPSS 17.0
software, considering as significant less than .05 (p < .05).
Less than .08 (p < .08) has been considered a trend to sig-
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nificance. The values of the descriptive are expressed as
mean and standard deviation (M, SD, respectively).

Results
Sample characterisation

Although there were no differences between groups in
BMI, there was a significant effect of ‘group’, and the inter-
action ‘group x gender’ for age [F (1, 84) = 9.73, p <.05, F
(1, 84) = 4.30, p <.05, respectively], so men in the control
group were younger than other subjects (all p <.05). Socio-
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demographic groups differed in educational levels [X2 (3, N
= 85) = 9.56, p <.05], where most of the control subjects
had university studies while the experimental group had sec-
ondary studies. However, the groups did not differ in the
phase of the menstrual cycle (for women), medication, use
of cigarettes, marital status, source of income, and total
number of children living in the family home. Therefore,
both age and educational levels were included as covariates
in subsequent analyses. The values (M, SD) for anthropom-
etric and sociodemographic variables as a function of group
and gender of the participants are summarised in Table 1.

Table 1. Anthropometric and socio-demographic variables in terms of group interaction (parents of ASD or controls) and gender (men or women).

ASD CG
Men Women Men Women
(n=16) (n=27) (n=19) (n=23)
Age (years), *p<0.05 46.314£5.80  46.15£7.66  39.324+4.70 44.74+5.01
BMI (kg/m?) 28.7944.77 26444513  27.9612.72 25.06+4.92
Left 2D:4D ratio 0.97+0.04 0.97+0.03 0.97+0.04 0.97+0.03
Right 2D:4D ratio 0.97+0.04 0.98+0.03 0.98+0.03 0.98+0.03
D1 0.00240.02  0.0084£0.03  0.007£0.02 0.00740.02
Phases of the menstrual cycle LUTEAL(1-14) 12 (44.4%) 6 (26.1%)
FOLLICULAR(15-menstrual period) 8 (29.6%) 11 (47.8%)
AMENORRHEA 7 (26%) 6 (26.1%)
(>6months)
Marital status SINGLE - 1 (3.7%) 1 (5.3%) 1 (4.3%)
MARRIED 16 (100%) 24 (88.9%) 18 (94.7%) 20 (87%)
DIVORCED - 2 (7.4%) - -
WIDOWED - - - 2 (8.7%)
OTHERS - - - -
Educational level NONE - - - -
BASICS 3 (17.6%) 7 (25.9%) - 2 (8.7%)
ADVANCED 6 (35.3%) 4 (14.8%) - 5 (21.7%)
UNIVERSITY 7 (41.2%) 15 (55.6%) 18 (94.7%) 16 (69.6%)
OTHERS - 1 (3.7%) 1 (5.3%) -
Source of income PENSION - 1(3.7%) - 1 (4.3%)
JOB 13 (76.5%) 22 (81.5%) 18 (94.7%) 17 (73.9%)
UNEMPLOYMENT P. 1 (5.9%) - - 2 (8.7%)
OTHERS 2 (11.8%) 4 (14.8%) 1 (5.3%) 3 (13%)
Number of children 1 4 (23.5%) 6 (22.2%) 9 (47.4%) 5 (21.7%)
2 11 (64.7%) 16 (59.3%) 8 (42.1%) 13 (56.5%)
3 1 (5.9%) 3 (11.7%) 2 (10.5%) 4 (17.4%)
4 - 1 (3.7%) - -
5 - - - 1 (4.3%)
6 or more - 1 (3.7%) - -

Differences between parents with and without children
diagnosed with ASD

There were no significant effects for the 2D:4D ratio
and Dy (Table 1). The empathy quotient (EQ) had a signifi-

cant effect of factor ‘group’ [F (1, 84) = 3.87, p <.05], so that
patents of people with ASD had lower EQ than the control
subjects. For the systematisation quotient (SQ-R) there was
a significant effect of ‘gender’ [F (1, 84) = 14.16, p <.001]
showing a higher ratio of men than women. These results
wete also found in the case of adult autism quotient (AQ
adults) [ (1, 84) = 4.24, p <.05] (Table 2).

Although the groups differed only in the ratio of empa-
thy, we observed a differential distribution of the same, since
in the experimental group subjects were similarly distributed
between cognitive styles E (34.88%), B (41.86 %) and S
(23.25%). However, in the control group most of the sub-
jects were concentrated in the type B (61.90%) (Table 2).
Moreover, the gender factor was shown to have a significant
effect on the distribution of the styles [X22, N = 85) = 8.07,
p <.05], the main differences being in the types S and E,
predominantly among men (37.14%) and type E among
women (30%).
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Table 2. Distribution of cognitive styles and psychological trait-variables in terms of group and gender.

ASD CG
Men Women Men Women
(n=10) (n=27) (#=19) (n=23)
Cognitive style Extreme S - - - -
S type 7 (43.75%) 8 (29.63%) 6 (31.57%) 3 (13.04%)
B type 8 (50%) 10 (37.03%) 12 (63.15%) 14 (60.87%)
E type 1 (6.25%) 9 (33.33%) 1 (5.30%) 6 (26.09%)
ExtremeE - - - -
EQ, *p<.05 36.69+10.37 42.70+11.33 44.53+7.36 45.26+7.18
SQ-R, *p<.05 67.69+21.35 49.37+19.75 65.05+21.04 54.78+15.30
AQ adults, *p<.05 18.88+6.30 15.41+6.29 14.58+4.93 13.69+4.02
IRI Perspective taking 24.93+4.17 25.11+4.96 24.11+3.38 25.91+4.10
*p<.05 Personal distress 16.56+5.42 17.19+4.78 14.11+£2.71 15.78+3.98
(Hp<.08 Empathic concern 26.93+3.79 28.07+3.99 23.32+4.11 28.00+4.49
Fantasy 21.814+5.99 20.89+6.95 18.37+3.70 21.39+5.24
STAXI-2 External expression*  11.12+3.18 11.37+3.41 9.68+2.21 10.09+3.32
*p<.05 Internal expression 12.94+4.48 11.74+3.17 11.26+2.66 11.13+4.26
External control* 17.63+4.68 15.63+4.99 16.68+3.38 17.49+3.88
Internal control* 12.31+4.63 12.25+3.80 15.26+4.44 16.08+4.18
1EI* 30.13+10.13 31.224+10.02 22.00+8.41 23.69+9.84
Temperament 2.38+2.68 2.96+3.06 1.89+2.05 1.83+1.85
Reaction 7.00+3.77 6.70+2.93 5.95+2.91 6.43+3.26
TCI-R Friendship* 27.06+4.63 27.93+3.74 25.11+4.94 31.22+2.35
*p<.05 Altruism* 30.94+3.56 31.48+3.66 29.11+3.98 32.08+3.23
Integrity* 29.88+4.99 31.56+3.23 28.84+4.51 31.78+4.81
Empathy* 17.13+2.58 18.29+2.49 18.16+2.00 19.13+2.36
Tolerance 30.50+4.19 31.74+3.57 30.74+3.16 32.394+3.70
Total 27.10+3.17 28.20+2.08 26.39+2.31 29.32+1.91

With regard to empathy, there was a trend towards sig-
nificance for interaction ‘gender x group’ on the fantasy
scale [FF (1, 84) = 3.31, p <.07] so that the male ASD group
scored higher than the rest of the subjects. On the empathic
concern scale either ‘group’ factor or ‘group x gendet’ intet-
action showed a trend to statistical significance while the
‘gender’ factor had a statistically significant effect [F(1, 84) =
3.11, p < .08, F(1, 84) = 341, p < .07, F(1, 84) = 9.72, p <
.005, respectively]. Parents of people with ASD showed
more empathic concern than controls, and women generally
scored higher on this scale than men. In addition, men in the
control group received the lowest scores, the differences be-
ing statistically significant compared to other subjects (all p
<.05).

With regard to cooperation, there was a significant effect
of the interaction ‘group X gender’ for the fellowship scale
[F (1, 84) = 8.14, p <.05], so that women in the control
group had higher scores than the other groups (p <.05). The
factor ‘gender’ was significant for all subscales except for
tolerance and the total questionnaire score [F (1, 84) =
14.50, p <.001, I (1, 84) = 3.75, p <.05, IF (1, 84) = 5.45, p
<.05, F (1, 84) = 4.81, p <05, and F (1, 84) = 13.90, p
<.001] for altruism, integrity, empathy and fellowship — with
higher scores in women.

Although there were no significant effects for trait ag-
gression, the factor ‘group’ was statistically significant in the
case of external expression, external control, internal con-
trol, and the rate of expression of anger [FF (1, 84) = 6.07 , p
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<.05, F (1, 84) = 441, p <05, F (1, 84) = 11.79, p <.001,
and F (1, 84) = 11.11, p <.001, respectively]. Parents of peo-
ple with ASD had higher scores for expression-out and the
rate of expression of anger; while control subjects scored
higher on the control-out and the control-in of anger. In ad-
dition, there was a significant effect of ‘gender’ for external
control of anger [F (1, 84) = 5.13, p <.05] and men had
higher scores than women (Table 2).

Although there were no differences between groups, the
factor ‘gender’ showed a significant effect for Tsal and Csal
[F @, 77) = 5650, p <.001, F (1, 84) = 4.27, p <.05] with
levels higher in both cases in men. The average values for
both hormones according to the group and gender are pre-
sented in Table 3.

Table 3. Hormonal levels of Tsal and Csal in terms of group and gender.

ASD CG
Men Women Men Women
(n=16) (n=27) (7=19) (n=23)
Tsal (pmol/l)  64.45+28.22 26.17+20.29 59.29+29.50 25.36+35.1
(n=14) (n=23) (7=19) 7 (n=22)
Csal (nmol/l)  2.06+1,95 1.59+0.91 2.47+2.20 1.55+1.06
(n=16) (n=27) (7=19) (n=23)

Patterns of prediction of the D2:D4 ratio in terms of be-
ing a parent or not of offspring with ASD

In the case of parents of offspring with ASD, the 2D:4D
ratio of the left hand explained 12.4% and 10.3% of the total
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variability of the scores of the empathy questionnaire (EQ)
and autism (AQ adults) [ = 0.352, p <05, B = - 321, p
<.05, respectively]. It also explained 11.8% and 12.9% of the
level of integrity and TCI total score [3 = .344, p <.05, B =
.359, p <.05], respectively, and the 10.6% of basal Csal [ = -
.325, p <.05]. This pattern of relationship was not significant
in the control group. The ratio D2:D4 of the right hand ex-
plained 12.9% and 9.3% of the expression-out and the con-
trol-out of anger [ = - .360, p <.05 and § = .305, p <.05, re-
spectively and 10.2% of the level of integrity of TCI [ =
319, p <.05]. By using the index as a predictor D,_] asymme-
try was not explained by any of the variables of androgenisa-
tion.

In controls, the left D2: D4 ratio predicted 9.2% of the
IRI fantasy scale [8 = .303, p <.05] while the right explained
12% and 13% of the scores on the perspective-taking and
fantasy subscales in this questionnaire [ = .3406, p <.05, § =
361, p <.05, respectively]. The asymmetry index Dy ] ex-
plained 9.2% of the cognitive styles [ = 0.303, p <.05] and
12% of the expression-out of anger [ = .346, p <.05].

The D2:D4 ratio as a predictor of the severity of ASD

As shown in Figure 1, the 2D:4D ratio of the left hand
in men explained 32.6% of the variability of the values of
AQ for their children [ = - .571, p <.05].

45,00
40,00

35,00
AQ
adolescents

30,00

Left 2D:4D parent ratio

Figure 1. 2D:4D as predictor of the severity of the symptoms
of their children

Discussion

Parents of offspring with ASD show similar values for the
D2:D4 ratio, cognitive styles, and basal hormone levels as
the control group. However, they are less empathic and have
less control over the expression of anger. The D2:D4 ratio
of this population predicts cognitive variables (EQ and AQ),
behavioural (cooperativeness and expression of anger) and
hormonal (Csal) of androgenisation. It is also a sensitive
predictor of the severity of ASD for their children.

The values of the 2D:4D ratio for parents of individuals
with ASD are similar to the control group, unlike the finding
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in a previous study conducted in this population (Manning
et al., 2001). In general, this index is 0.25 SD higher in
women than in men (Manning et al., 2000), but our study
does not reveal these differences (as we had hypothesised).
Although the 2D:4D ratio cannot be considered as a deter-
ministic parameter of prenatal androgenisation, it is a useful
indicator when analysing its relationship with other variables.
In this regard, it has proven useful in explaining human be-
haviour and cognition (van-den-Bergh & Dewitte, 2000).
This study has shown that the 2D:4D ratio of parents of
ASD predicts a greater number of variables related to the
androgenisation than the control group. It has been sug-
gested that the right-hand 2D:4D ratio is more sensitive to
the effects of prenatal testosterone, and so it has a greater
ability to predict cognitive variables, while behavioural and
physiological variables are somewhat androgenised (Hone-
kopp & Watson, 2010). The 2D:4D ratio predicts more left
than the right indicators on parents of offspring with ASD,
and that includes empathy, the ratio of autism, cooperation
and cortisol. No conclusive results affirm that the left-hand
2D:4D ratio is not sensitive to the effects of prenatal andro-
gens. Thus, our results reinforce those found in other stud-
ies that show relationships or predictions associated with the
left indicator (Bull & Benson, 2000).

The ratio of both hands was useful in predicting coop-
eration variables, although the results are not consistent with
those described in a previous study (Millet & Dewitte, 2006),
since in our study a higher 2DD:4D ratio is related in coopera-
tive strategies. These differences may be partly due to the
type of measurement used to evaluate cooperation, because
in the work mentioned previously the social dilemma game
Repeated public good game was used, whereas in our work a
questionnaire evaluation was used. In addition, while the
left-hand 2D:4D ratio predicted empathy and autism spec-
trum quotient in adults, the right predicted anger expression.
A higher 2D:4D ratio meant more empathy and less autistic
traits. Although the ratio does not predict trait anger, a lower
value for this indicator is associated with the expression-out
and the control-out of anger. These results reinforce those
described in previous studies which associated a lower value
of the 2D:4D ratio with increased physical aggression in
men (Bailey & Hurd, 2005) and reactive aggression in
women (Benderlioglu & Nelson, 2004).

It is proposed that the 2D:4D ratio could be used as an
indirect indicator of a predisposition to certain diseases such
as autism, heart disease, or certain types of cancer (Manning
& Bundred, 2000). But the fact that the 2D:4D ratio for the
male parent is a predictor of the severity of the symptoms of
children suggests that greater prenatal exposure to andro-
gens in men may make them more susceptible to developing
autism and increase the likelihood that their offspring will
develop ASD. In this way, the 2D:4D ratio is characterised
by high heritability through the male line, which increases
the possibility that genes related to the Y chromosome may
influence its expression (Voracek & Dressler, 2009). How-
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ever, further studies would be necessary to employ more
variable androgenisation to replicate these results.

Cognitive styles in the entire sample was divided into
types S, B, and E; whereas there are no subjects in the ex-
treme types. However, the percentage of S-type is slightly
higher in ASD parents than in controls. These results are
consistent with expectations because they are not individuals
with ASD but first-degree relatives. Although the parents of
persons with ASD show a systematic quotient similar to the
controls, their empathy quotient is lower. A previous study
conducted in this population showed less activation of the
amygdala and the fusiform gyrus in a test of empathy con-
sisting of recognition of emotional expression in the eyes
(Greimel et al., 2010). However, the analysis of empathy
through the IRI subscales in our data indicates that there is
more imagination and empathic concern in parents of peo-
ple with ASD than in control subjects. Although a priori
these findings may seem contradictory, it should be noted
that empathy is a multidimensional construct (Derntl et al.,
2010), so the differences may be specific and refer to spe-
cific aspects.

Although there is no scientific proof that parents of
people with ASD have higher levels of aggression, our re-
sults indicate that they do not show more aggressive traits —
but do show less control and greater expression of anger.
According to the above, the same people may behave ag-
gressively in some situations; but also express empathic be-
haviour. As a current theory holds, very empathetic people
can also be very aggressive and vice versa, although they
cannot manifest both behaviours at the same time, due in
part to activating similar neuroanatomical structures (Moya-
Albiol, Herrero & Bernal, 2010). It is therefore fitting that
people who have trouble controlling their anger, can also
express concern for others.

Androgenisation has often been associated with socially
undesirable behaviour such as violence, but it has also been
claimed that a strategy to gain status characterised by high
androgenisation is cooperation (Millet & Dewitte, 20006).
Cooperation as it has been evaluated in our study did not
differentiate between groups, but has been revealed that
women, primarily those in the control group, showed higher
scores.

When compared by gender, men were more systematic,
show more autistic traits, and were less empathetic and co-
operative, as described in previous studies (Moya-Albiol et
al.,, 2010). Our data does not reveal differences between pat-
ents of offspring with ASD and control hormone levels, al-
though as expected there are gender differences for Tsal.
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