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RESUMO

Estudos sugerem que a exposicao pré-natal a testosterona (PT) esta relacionada
a inteligéncia ou a capacidade de aprendizado. A proporcado entre os dedos
indicador e anelar (proporcao digital ou 2D:4D) correlaciona-se negativamente a
exposicao pré-natal a testosterona. Este estudo avaliou as correlagdes entre o
2D:4D e o sucesso académico em disciplinas teédricas e praticas no curriculo do
curso de Odontologia da Faculdade de Odontologia de Piracicaba da Universidade
Estadual de Campinas, Brasil. Ao todo, 80 individuos (40 homens e 40 mulheres)
com idade entre 18 e 22 anos (média 19,5 £ 1,1 anos para os homens e 19,7 £ 1,2
para mulheres), alunos do 2° ao 4° ano de graduacéao tiveram sua mao direita
fotografada por meio de camera digital acoplada a dispositivo padronizador
perpendicular a superficie. As imagens foram transferidas ao software Adobe
Photoshop® e os dedos indicador e anelar foram medidos de forma linear, da
depressdo mais caudal ao ponto mais rostral da ponta do dedo. Os dados foram
analisados usando os softwares Microsoft Excel, SPSS 16 e Statview. A proporcao
digital média foi de 0,980 + 0,038 para homens e 0,991 + 0,025 para mulheres.
Correlacionou-se entao esta proporcdo as notas tedricas e praticas obtidas pelos
estudantes durante os primeiros quatro semestres letivos do curso. As notas
tedricas e praticas foram negativamente correlacionadas a proporgao digital em
homens (especialmente apdés a remocao da influéncia das horas de estudo
domeésticas; p = 0,02 e 0,004, respectivamente), mas ndo em mulheres (p = 0,89 e
0,77, respectivamente). Este achado apoia a correlacdo entre a influéncia da
testosterona pré-natal e o desenvolvimento da inteligéncia em homens. A falta de
correlacdo entre a testosterona pré-natal e o sucesso académico em mulheres
sugere que a inteligéncia no sexo feminino deve ser influenciada por fatores

alheios a testosterona pré-natal.

Palavras-chave: Proporcao 2D:4D, Estudantes, Odontologia, Inteligéncia,

Testosterona pré-natal.



ABSTRACT

It has been suggested that prenatal testosterone (PT) is positively related to
intelligence or learning-ability skills. Digit ratio (2D:4D) is a negative correlate of
PT. This study considered the correlations between 2D:4D and academic success
in practical and theoretical disciplines in the Dental School curriculum of the
Piracicaba Dental School, State University of Campinas, Brazil. Overall, 80
subjects (40 males and 40 females) aged between 18 and 22 years (means 19.5 £
1.1 and 19.7 + 1.2, respectively) had their right hand palm photographed by a
digital camera attached to a standardising device, perpendicular to the surface.
The images were transferred to a computer and the index and ring fingers were
measured from the ventralmost crease up to the tip of the finger using Adobe
Photoshop. Data were analyzed using Microsoft Excel and SPSS 16. Mean digit
ratio was 0.980 + 0.038 for males and 0.991 + 0.025 for females. Digit ratio was
correlated to the grades obtained by the students through their first four semesters.
Theoretical and practical grades were significantly negatively correlated to digit
ratio in males (and this was particularly so after the influence of age and hours of
study were removed, p = 0.02 and 0.004, respectively), but not in females (p = 0.89
and 0.77, respectively). This finding supports a link between high PT and
intelligence in males. The lack of relationship between 2D:4D and examination
marks in female students, suggests that intelligence in females may be influenced
by factors other than prenatal testosterone.

Keywords: Digit ratio, Students, Dentistry, Intelligence, Prenatal testosterone.
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1- INTRODUCAO

Da susceptibilidade a doencas (Manning & Bundred, 2003) ao
sucesso na bolsa de valores (Coates et al., 2008), da influéncia no
desenvolvimento de canceres (Brabin et al., 2008) ao sucesso nos esportes
(Voracek et al., 2006), pesquisadores tém investigado um marcador putativo
para avaliar caracteristicas comportamentais, psicoldégicas e até mesmo
doencas influenciadas pelo género masculino e pelo género feminino — a
proporcado entre os dedos anelar e indicador, também chamada 2D:4D, ou
proporcao digital (digit ratio).

Este marcador putativo tem sido correlacionado a condicdes
ligadas a atividade dos hormdnios sexuais - testosterona, estrégeno e
horménio luteinizante (Manning et al., 1998). Correlagdes tém sido
encontradas nos campos da psicologia (Nelson & Shultz, 2009) e medicina
(Voracek, 2008), associando o 2D:4D a diversos tragos de personalidade
(Bailey & Hurd, 2005), orientacdo sexual (Hiraishi et al, 2012) e ao
aparecimento de doencas nos sistemas reprodutivo (Brabin et al., 2008),
circulatério (Ozdogmus et al., 2009), locomotor (Manning, 2002), bem como
ao desenvolvimento de neoplasias (Brabin et al., 2008; Rahman et al., 2011;
Hopp e Jorge, 2011; Hopp e Jorge, 2012).

Os primeiros estudos sobre a proporcédo 2D:4D datam do século
XIX. Naquele momento, pesquisadores acreditavam que este fosse um traco
predominantemente hereditario (Phelps, 1952). Sabe-se hoje que a
proporcao entre estes dois dedos € estabelecida ainda no utero (Manning et
al., 2003) e sofre pouca ou nenhuma alteragcao apés o nascimento (Manning
& Bundred, 2000). Estudo recente em animais (Zheng e Cohn., 2011)
confirmou que a proporcao digital é estabelecida pelo equilibrio entre
exposicdo e sensibilidade aos horménios estrdgeno e testosterona, fatores
estes comandados pela atividade de 19 genes (Em ordem alfabética, Bmpé6,
Col4a2, Col5al, Col6a2, Col10al, Col12al, Col14al, Fgf3, FgfR2, Igfbp2,
lgfbp5, Ihh, Itgam, Mmp9, Msx1, Runx2, Smad3, Sox9, Wnt5a). Estes genes
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influenciam principalmente a sensibilidade dos receptores celulares de
andrégenos (AR) e estrégeno (ER), de modo a aumentar sua expressao (/hh,
FgfR2, Sox9, Col10al, Col4a2, e Col12al no caso dos AR e Fgf3, Msx1,
lgfbp2, e Igfbp5 para os ER) ou diminui-la (Bmp6, Smad3, Wnt5a, Igfbp2,
lgfbp5, Runx2, Mmp9, e ltgam para os AR e Ihh, Col4a2, Col5al, Col6az, e
Col14at para os ER).

O equilibrio entre a exposicdo aos dois hormbnios sexuais e a
sensibilidade a estes (influenciada geneticamente), gera diferencas na
proporcao entre os dedos anelar e indicador, correlacionada negativamente a
exposicao a testosterona e positivamente a expressao ao estrogeno. Quanto
maior for a exposicdo ao estrégeno, menor sera o dedo anelar e maior sera o
dedo indicador, aumentando a proporcao digital. O contrario é verdadeiro
quando da maior exposi¢ao a testosterona, isto &, o dedo anelar é alongado
e o0 dedo indicador encurtado, diminuindo a proporcéao digital. A influéncia do
estrogeno e da testosterona é maior sob o dedo anelar, principalmente sobre
as falanges proximal e média. Devido a esta influéncia, homens tendem a
apresentar baixa propor¢ao 2D:4D (dedo indicador menor do que o dedo
anelar) e mulheres tendem a apresentar proporcdo aproximadamente igual
entre os dois dedos. Os valores normais para a populacdo caucasiana sao
0,98 para os homens e 1,00 para as mulheres (Manning et al., 1998).

Acredita-se que o comprimento digital seja também influenciado
pelos genes da familia HOX (Manning et al., 2003), que é responséavel pelo
desenvolvimento e diferenciagdo dos dedos e do sistema urogenital (Kondo
et al., 1997). Também se postula que esta proporcao aja como marcador
putativo para a atividade do gene receptor de andrégenos (Manning et al.,
2002). Todos esses fatores agem na organizacdo e diferenciacdo de
diversas areas do corpo humano e podem influenciar a inteligéncia ou
capacidade de aprendizado, além de aumentar ou diminuir a chance de
desenvolver doengas em um algum momento da vida (Hopp e Jorge, 2011;
Hopp e Jorge, 2012)



O método de estudo baseado na obtencdo de medidas desses
dois dedos para estudar os efeitos da exposicao pré-natal a testosterona,
primeiramente proposto e realizado por Manning et al em 1998, tornou-se
amplamente utilizado, uma vez que outros métodos como a coleta sanguinea
de fetos in utero , liquido amniético, sangue do corddo umbilical ou ainda
sangue materno, sao dificeis de realizar, pouco significativos, ainda nao
foram testados, ou sdo pouco promissores (Mcintyre, 2006). O estudo dessa
proporcao, bem como de sua correlacdo a diferentes tracos, tanto de
personalidade quanto de susceptibilidade a variadas condigdes dos dois
géneros, levou a diversos estudos nos ultimos 14 anos, incluindo a
correlacdo entre a proporcao digital e caracteristicas psicolégicas e a
prevaléncia de determinadas doencas (Voracek & Loibl, 2009)

A avaliagdo da proporcao 2D:4D € feita hoje por meio de
paquimetros convencionais e digitais, réguas milimetradas ou tubos
escalonados diretamente nas maos dos voluntarios, medicao de fotocdpias
ou escaneamentos digitais das mé&os, auto-medigdes e fotografias digitais
das maos dos voluntarios por meio de dispositivos padronizadores. Nao ha
método universalmente aceito para a medicdo dos dedos e sabe-se que
existem diferengas entre a medicao direta e a medigcao indireta (Voracek et
al., 2007). O método de fotografia digital difere dos outros métodos de
digitalizacao por fotografar as maos em posicdo supina, sendo 0 mais
préximo a medicao direta.

Ha ainda vasto campo a ser explorado pelas pesquisas
envolvendo a proporgdo 2D:4D. Os estudos que investigam caracteristicas
psicolégicas em relacdo a propor¢cao digital sdo numerosos na literatura,
porém, ha poucos e incompletos estudos investigando a proporcao digital em
relagao a inteligéncia e/ou a capacidade de aprendizado. Estes muitas vezes
investigam apenas um género (Coco et al, 2011), apenas atividades tedricas
ou exames entre especialidades (Brosnan et al., 2006). Além disso, o estudo

da Odontologia pode ser visto como singular entre as carreiras, pois envolve



disciplinas praticas que requerem destreza manual, aliadas ao conhecimento
tedrico adquirido em aula, além da capacidade de executar tarefas no menor
tempo possivel, muitas vezes envolvendo otimizagcdo das atividades,
disciplina e avaliacdo de riscos operatérios durante o préprio ato cirirgico
(Chambers, 2001). Tendo em vista estes fatores, este estudo objetivou
correlacionar a proporcdo 2D:4D ao desempenho académico de alunos de
Odontologia, por meio da analise de fotografias digitais da mao direita

comparadas a escores académicos em disciplinas tedricas e praticas.



2 — CAPITULO UNICO

2.1 — Digit ratio and academic performance in dentistry students

Digit Ratio and Academic Performance in Dentistry Students

Renato Nicolas Hopp, MsC. Department of Oral Diagnosis, Piracicaba Dental School, University of

Campinas, Piracicaba, Sao Paulo, Brasil.

Juliana Pucci de Moraes, Undergraduate Student. Department of Oral Diagnosis, Piracicaba Dental

School, University of Campinas, Piracicaba, Sao Paulo, Brasil.

Jacks Jorge, PhD. Associate Professor. Department of Oral Diagnosis, Piracicaba Dental School,
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Corresponding Author
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+551921065267, Fax: +551921065320 renhopp@gmail.com

Highlights
First study to correlate digit ratios and learning abilities in academic males and females
Significant correlation between prenatal testosterone and intelligence in males, but not in females

First study to consider both practical and theoretical learning abilities and their relations to digit ratios,

prenatal testosterone and estrogen
Abstract

It has been suggested that prenatal testosterone (PT) is positively related to intelligence or learning-
ability skills. Digit ratio (2D:4D) is a negative correlate of PT. This study considered the correlations
between 2D:4D and success in practical and theoretical examinations in the Dental School
curriculum of a Brazilian University. Overall, 80 subjects (40 males) had their right hand palm
photographed by a digital camera attached to a standardizing device. The index and ring fingers were
measured using Adobe Photoshop. Digit ratio was correlated to the grades obtained by the students
through four semesters. Theoretical and Practical grades were significantly negatively correlated to
digit ratio in males (and this was particularly so after the influence of age and hours of study were
removed, p=0.02 and p=0.004 respectively), but not in females (p=0.89 and 0.77, respectively). This
finding supports a link between high PT and intelligence in males. Our finding of no relationship



between 2D:4D and examination marks in female students, suggests that PT may not influence

intelligence in females.
Keywords: Digit ratio, Students, Dentistry, Intelligence, Prenatal Testosterone, Prenatal Estrogen
1 - Introduction

Prenatal testosterone (PT) has been proposed to directly influence intelligence or learning-ability
skills by modulating the developmental processes of neuronal proliferation, migration, differentiation,
and apoptosis. This is thought to increase the density of neuronal networks in certain areas of the
brain (Mrazik and Dombrowski, 2010). In addition, high PT at the end of the first trimester is thought
to increase the probability of autism and Asperger’s Syndrome (Manning, Baron-Cohen, Wheelwright

and Sanders, 2001), traits that are often associated with ‘islets’ of giftedness.

Here we consider the possibility that digit ratio (2D:4D), as a putative marker for prenatal testosterone
(Manning, Scutt, Wilson and Lewis-Jones, 1998; Manning, Bundred and Flanagan, 2002), could
reflect these alterations, and be a marker for learning ability. Previous studies have correlated digit
ratio (and by implication PT) to autism and Aspergers’ Syndrome, concluding that autistic children
had the lowest digit ratio (which could be translated as an excess in PT), while Aspergers’ children,
who have communication impairments similar to autistic children but are thought to have normal or
high 1Q (Soulieres, Dawson, Gernsbacher, Mottron, 2011) have higher-thanautistic but lower-than-
normal 2D:4D (Manning et al, 2001).

Human hands can present index and ring fingers of relatively different lengths for males and females,
a difference first attributed to prenatal hormone exposure—high digit ratio indicating low PT relative to
prenatal oestrogen and low digit ratio pointing to high PT relative to prenatal oestrogen (Manning et
al.,, 1998; Manning, in press). There is correlational evidence that 2D:4D is negatively related to
2D:4D (Breedlove, 2010), and experimental evidence that 2D:4D is related to the relative amounts of
PT and prenatal oestrogen (Zheng & Cohn, 2011). Differences in prenatal hormone exposure can
lead to different traits in personality, aggression, behavior and ability to perform tasks such as playing
sports, driving carefully, investing money or doing manual labor. Low 2D:4D has been correlated to
success and profitability in financial trading (Coates, Gurnell and Rustichini, 2009) and success in
sports such as rugby, sprinting and running (Bennett, Manning, Cook and Kilduff, 2010; Manning and
Hill, 2009; Manning, Morris and Caswell, 2007). In addition, low 2D:4D has been correlated with
numeric capabilities and ability to understand information communication technology (Brosnan, 2006;
Brosnan, Gallop, Iftikhar and Keogh, 2011), and is also thought to correlate with learning in manual
labour tasks (Rosler, 1957). Digit ratio, and therefore PT, can influence cognitive skills and analysis
of situations in order to develop better solutions to a given problem (Coates, Gurnell and Rustichini,

2009). Earlier reports have shown that individuals with higher cognitive skills are more patient and



have a greater ability to plan and persevere, as well as a greater perception of situations (Burks,
Carpenter, Goette and Rustichini, 2009).

Previous research has successfully negatively correlated 2D:4D to success in written admission tests
for a medical school, but failed to replicate such a correlation to written exams taken throughout the
six years of the course (Coco et al., 2011). Within the framework of this background, the present
study aimed to consider the hypothesis that 2D:4D could be negatively correlated to success in
practical and theoretical examinations in the Dental School curriculum. Our hypothesis was that
individuals with low 2D:4D (high PT relative to prenatal oestrogen) would score higher marks than

individuals with high 2D:4D in both theoretical and practical (manual) activities.
2 - Methods

This work was carried out in accordance with The Code of Ethics of the World Medical Association
for experiments involving humans, and approved by the local Institutional Review Board. Students
from the Piracicaba Dental School, Piracicaba, Sdo Paulo, Brazil, were invited to participate in this
study. Digit ratio is known to vary with ethnicity (Manning, 2002). Therefore, we restricted recruitment
to White patrticipants. Those with a history of fractures in the fingers of the right hand or hormonal
disease were excluded. Only students that had completed more than 4 semesters or the equivalent
to two levels were selected, in order to give a range of theoretical and practical grades that could be
used. Students that had failed one class and retaken the same class had their grade from the first
examination recorded. The participants were asked to complete a questionnaire regarding age,
gender, the performance of manual activities at home, and hours of home study in theoretical aspects
of their subject. After answering the questionnaire, the participants had the ventral surface of their
right hand photographed using a digital camera (Canon Powershot A550, Canon, USA) attached to a
standardizing device, forming a 90° angle with the base, a technique previously described by Hopp
and Jorge (2011). We chose to measure the right hand 2D:4D because there is evidence that sex
differences in right 2D:4D are greater than sexual dimorphism in left 2D:4D (Honekopp and Watson,
2010). All photographs were made using the same camera configuration. Image analysis was
performed using Adobe Photoshop 7.0® (Adobe Systems, USA) measuring tool, at 100% zoom.
Right hand index and ring fingers were measured twice (second measurement blind to first) in linear
fashion from the middle point of the most proximal crease up to the tip of the finger (Manning et al,
1998). Mean grades were calculated from theoretical (MT) and practical (MP) examinations, in
addition we calculated the ratio between practical and theoretical (MP:MT) grades to give an
indication of whether a given student was more likely to do well in the theoretical or practical part of
the course. Data are presented as means (t standard deviations). Statistical analysis used Student’s
t test for male versus female digit ratio comparison, and Pearson’s correlation coefficient and linear

multiple regression for 2D:4D versus grades relationships.



3 - Results

After exclusion criteria, 80 individuals were selected to participate in the study (Males n=40). The
mean age for the participants was 19.5 £ 1.1 years for males and 19.7 + 1.2 for females (range 18-
22).

A comparison of 2D:4D from the first and second measurements showed a high intraclass correlation
(ICC = 0.94, F = 31.6, p = 0.0001). This meant that the differences in 2D:4D between-individuals
were much greater than measurement error. Therefore, we calculated mean 2D:4D from our first and

second measurements and used the mean 2D:4D in all subsequent analyses.

Mean 2D:4D for males was 0.980 + 0.038 and for females 0.991 + 0.025 with an effect size (Cohen’s
d) of 0.34. This sex difference in 2D:4D was in the expected direction but the sexual dimorphism was
significant (t = 1.47, p = 0.15). However, the effect size of the sex difference was within the expected
range for 2D:4D (Manning, 2002). With regard to sex differences in the marks for theoretical and
practical examinations, males and females did not differ in their theory marks (males 7.55+0.90,
females 7.79+£1.04, t = 1.07, p = 0.29), but females scored significantly higher practical marks than
males (males 8.01£0.59, females 8.38+0.54, t = 2.90, p = 0.005).

With regard to relationships between 2D:4D and examination marks for males we found these to be
significant for both theory and practical. With regard to theory, there was a significant negative
correlation between 2D:4D and mean theory mark (r = -0.32, p =0.04) (Figure1). Multiple regression
analysis showed that the relationship between 2D:4D and theory marks remained significant after the
influence of age and hours of study were removed (2D:4D b =-0.42,t = 0.02; age b =-0.18,t = 1.10,
p = 0.27; hours study b = 0.04, t = 0.27, p = 0.79). A similar association was found for 2D:4D and
practical marks (r = -0.317, p = 0.046). This remained significant after controlling for age and hours of
study. However, in this instance age was also significantly related to practical marks in that young
males scored higher than older males (2D:4D b =-0.47,t = 3.07, p = 0.004; age b = -0.38, t = 2.50, p
= 0.02; hours study b = - 0.001, t = 0.008, p = 0.99). It is to be noted that the correlations between
2D:4D and theory and practical marks are of similar strength, and this was confirmed by an
examination of the correlation between 2D:4D and the ratio between practical and theory marks (r =
0.18, p = 0.26).

With regard to females, there was no significant correlation between 2D:4D and theory (r = -0.02, p =
0.89) or practical marks (r = —-0.05, p = 0.77). Multiple regression analyses showed 2D:4D and hours
of study were not related to examination marks, but age tended to be negatively associated with both
theory (significant) and practical (marginally significant). For theory marks, 2D:4D b = 0.04, t = 0.26, p
=0.79, age b =-0.41,t = 246, p = 0.02, hours study b = -0.12, t = 0.74, p = 0.46. For practical
marks, 2D:4D b =-0.06,t = 0.40, p = 0.69, age b = -0.32, t = 1.96, p = 0.06, hours study b = 0.20, t =



1.21, p = 0.24. As with males the correlation between 2D:4D and the ratio between practical and

theory marks was not significant (r = 0.05, p = 0.75).
4 - Discussion

We have found that right hand 2D:4D is negatively related to theory and practical marks in male
dental students. The effect size for these correlations is similar and 2D:4D is not predictive of the
ratio between practical and theory marks. This finding suggests that 2D:4D is a proxy for ability in
theory and practical dental examinations. There is correlational evidence that 2D:4D is negatively
associated with PT and the ratio between PT and prenatal oestrogen (Manning et al, 1998; Manning,
2002, Manning and Fink, 2008; Lutchmaya, Baron-Cohen, Raggatt, Knickmeyer and Manning, 2004;
Breedlove, 2010). In addition, experimental manipulation (including loss of androgen and oestrogen
receptors and addition of androgen and oestrogen blockers and testosterone and estradiol) of sex
steroids in the mouse has shown that 2D:4D is dependent on the ratio of prenatal testosterone and
prenatal oestrogen (Zheng and Cohn, 2011). That is, when PT is high and prenatal oestrogen is low
then 2D:4D is low. Therefore, our findings suggest that males with high PT and low prenatal
oestrogen tend to have high intelligence. These findings were strengthened when the influence of
age and hours of study was removed. We suggest that this supports the hypothesis of Mrazik and
Dombrowski (2010), who have suggested that high intelligence is linked to high PT through the
latter’s influence on neuronal proliferation, migration, differentiation, and apoptosis. However, we
have not found a correlation between 2D:4D and theory and practical marks in female dental
students. This may be because the effect of PT on intelligence differs between the sexes and/or the

link between PT and intelligence is particularly strong when PT is high (as it is in males).

Prenatal testosterone exposure may directly influence intelligence, by altering neuronal migration,
leading to greater right-hemisphere development (Geschwind and Behan, 1982), as well as greater
coordination within and between the hemispheres (Alexander, O’'Boyle and Benbow, 1996, Anderson
and Harvey, 1996). This could lead to dense neuronal networks in areas related to cognition, learning
and memory, either by decreasing apoptosis of brain cells during development, or increasing
migration of cells to one of those areas (Mrazik and Dombrowski, 2010). As 2D:4D is considered a

marker for prenatal testosterone exposure, these traits may be negatively correlated with 2D:4D.

The dentistry undergraduate course curriculum is composed of theoretical classes and written exams
as well as a number of practical activities that accounts for the biggest portion of the course. In the
practical branch of the course, students are required to perform dental procedures on dummy models
before they start to perform them in real patients. All procedures demand the students to be capable

to perform tasks in the shortest time possible, but with no significant loss in work quality.

The demand for low-time versus high quality in inexperienced students creates a need for intensified

vigilance, as well as quickened reaction times, as well as risk taking. This trait has been correlated to
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low digit ratio (Coates et al, 2009; Millet, 2009). Our results pointed to a negative correlation between
2D:4D and practical success in practical disciplines, especially in males, where the results were
significant. In females, the results were much weaker, pointing to a marked sex-difference between
males and females regarding the process of performing manual labor, and the prenatal testosterone
influence over it. A earlier report that considered 192 students regarding math tests concluded that
there was an influence of gender over risk perception rather than intelligence or mathematical

abilities (Branas-Garza, Guillen, del Paso, 2008).

Theoretical examinations are taken once every two months and are composed of cumulative tasks,
i.e. on the second test the subjects of the first test also take part. These examinations evaluate the
ability of the student not only to memorize, but to connect to the knowledge previously acquired in
order to solve problems or diagnose a patient’s condition. As a general rule, the students have
around 1 hour to complete the exam, which is often composed of 10 questions with problems or
diagnoses. These exams demand not only the ability of memorizing the classes, but, more
importantly, connecting the information and deciding, as quickly as possible, the diagnosis on a

patient’s condition and guiding the treatment.

The results of this study pointed to a negative correlation between 2D:4D and theoretical grades as
well as practical grades. This could be due to the nature of the examinations, which demands quick
decisions in order to complete 10 questions — which gives about 6 minutes to formulate a response
and write it — which could be interpreted as a risky situation that requires quick decisions. Although
tests and examinations per se must not be considered as a risk taking situation by educators,
students are always confronted with doubts about questions and possibilities, especially when
deciding between right and wrong diagnoses or answers. This is particularly so when, as in most
examinations, there is a time element in the assessment. Therefore, there may be links between
cognitive abilities and risk taking. A earlier study with 1,000 trainees concluded that individuals with
better cognitive skills are more patient and perceive high-pressure situations more calmly, being able

to think through and elaborate better solutions for a given problem (Burks et al, 2009).

It is thought that PT at the end of the first trimester may correlate with developmental disorders such
as autism and Aspergers’ syndrome (Manning et al, 2001). In comparison to population norms,
autistic individuals have been found to be gifted in identifying recurrent patterns, processing
perceptual information, and often have exceptional memories and are less likely to misremember
data (Mottron, 2011). These are characteristics that are useful in order to perform well in practical

and theoretical examinations.

Coco et al (2011) evaluated a group of 48 male students, and found a significant correlation between
2D:4D and success in admission tests for a medical school in ltaly. The study, however, failed to
replicate this correlation when analyzing grades throughout the medical school course. The exams

10



taken by the students in the present study may resemble the admission tests taken by the students in
the previous study, as they require quick decisions in order to obtain a successful result. In that light,
the present study replicates previous results (Coco et al., 2011). The present study is also the first to
consider practical grades, which have not been analyzed in previous studies. Indeed, evaluating
practical activities through grades is less complicated in dentistry than in medicine, as well as the

immersion of the students in the activities, which takes place earlier in the former course.
5 - Conclusion

We have found that low 2D:4D (a correlate of high PT and low prenatal oestrogen) is related to
practical and theory examination marks in Brazilian dental students. We suggest that this finding
supports a theoretical link between high PT and high intelligence. The lack of a relationship between
2D:4D and examination marks in female dental students indicates that PT does not influence female

intelligence in the same manner as that in males.
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3 — CONSIDERAGCOES GERAIS

A propor¢éao 2D:4D é hoje alvo de diferentes estudos ao redor do
mundo, nas mais variadas tematicas e aplicacdes. O futuro das pesquisas
envolvendo esta metodologia é bastante promissor € 0 escopo de estudos
possiveis é bastante amplo.

Entre os assuntos passiveis de investigacao estd a correlacado
entre a proporcao 2D:4D e a inteligéncia em diversas etnias, Quociente de
Inteligéncia (Q.l.), sucesso escolar em nivel pré-universitario, habilidade
linguistica e testes psicotécnicos. Estudos tém sido feitos em diversos paises
em populagcbes de diferentes idades e etnias. Comparar diferentes
populagdes valendo-se de analise curricular ou mesmo notas académicas
nao é tarefa simples, e estudos multicéntricos necessitariam padronizagdes
que talvez fizessem perder-se dados que seriam significativos se analisados
separadamente. Condicdes que dificultam o aprendizado como a dislexia, a
sindrome de Asperger e 0 autismo necessitam também novos estudos para
que se verifique sua possivel conexao a proporcao digital. Outro campo
ainda nao explorado totalmente é o dos tracos comportamentais como medo,

comportamento social e dominancia social.

Esta linha de pesquisa é bastante promissora também no que diz
respeito a sua correlacdo a doencas, principalmente as influenciadas pelos
genes descritos por Zheng e Cohen (2011). Entre estas doencas encontram-
se as neoplasias de pulméao, estdbmago, mama, esbfago, pancreas, rim,
coélon, leucemias, linfomas, sindrome da fissura labio-palatina, neoplasias
Osseas, mielomas multiplos, sindrome de Ehlers-Danlos, tumores cerebrais,
condrossarcomas, degeneragcdao macular, melanoma, infarto hemorragico,

partos prematuros e defeitos cardiacos congénitos.

Novas pesquisas tendem a aprofundar o conhecimento de como a
proporcdo 2D:4D, isto é, a exposicdo pré-natal aos horménios sexuais

influencia a producdo de horménios sexuais na vida adulta, ndo s6 em
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organismos saudaveis, como também em organismos que perderam seu
equilibrio devido a situacées de estresse ou doenca. A averiguacdo do
comportamento da testosterona frente a alteragbes nos sistemas
imunoldgico, simpatico, parassimpatico e limbico € passo importante a ser
investigado, podendo trazer resultados promissores até mesmo para o

tratamento e progndéstico das afec¢des destes sistemas.

Pesquisa na base de dados PubMed pelos termos digit ratio, 2d4d
ou finger length aponta 388 trabalhos publicados. O cruzamento com o termo
intelligence aponta sete trabalhos publicados. Porém, o cruzamento com o
termo psychology aponta 127 estudos. Correlacionando-se estes termos a
palavra disease, obtém-se 25 trabalhos publicados. Finalmente, correlacionar
os termos supracitados ao termo cancer retorna 17 estudos. Portanto, sdo
variadas as possibilidades de avaliacao de correlacdes possiveis entre este
marcador de exposicdo e sensibilidade pré-natal a testosterona e ao
estrogeno, assim como é vasto o campo de pesquisa disponivel para a

propor¢ao 2D:4D.
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4 — CONCLUSOES

Baseados nos resultados deste trabalho, podemos concluir que:

(@) O método de estudo 2D:4D envolvendo a anadlise de
fotografias digitais € de facil utilizacao, apresenta alta reprodutibilidade, baixo
custo e alta capacidade de visualizacdo das imagens para identificacdo dos
pontos de medigao.

(b) A proporcao 2D:4D foi significativamente diferente entre
homens e mulheres, com efeito Cohen na direcao esperada, o que significa
que homens jovens na populagdo avaliada parecem ter o 2D:4D mais baixo

do que mulheres jovens da mesma populagéo.

(c) Homens com proporgcées 2D:4D menores tiveram maior
sucesso académico em disciplinas teéricas e praticas, resultado este
inversamente correlacionado ao valor da proporcao 2D:4D. A inteligéncia
e/ou capacidade de aprendizado parece ser influenciada em homens, seja
pela capacidade de adaptacdo dos circuitos cerebrais, seja pela densidade
neuronal aumentada pela exposicdo a testosterona, seja devido a agcao de
genes descritos na literatura que influenciam tanto a organizagéo cerebral,

quanto a proporcao 2D:4D

(d) Sao necessarios estudos complementares para
correlacionar a proporcdo 2D:4D a marcadores de inteligéncia e
aprendizado.
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ANEXOS

Anexo 1 — Questionario

Questionario
Idade anos Género( )M ( )F ( )Destro ( )Canhoto

1 — Vocé sofreu alguma fratura nos dedos anular ou indicador?
( )Sim ( )Nao

2 — Vocé costuma estudar as matérias da odontologia em casa?
( )Sim ( ) Nao - Se sim, qual(is)?

3 — Quanto tempo vocé costuma estudar em casa as matérias da Odontologia?
( )Horas/Dia ( )Horas/Semana ( )Nao costumo estudar

4 — Vocé estuda as matérias praticas e tedricas em casada mesma forma e com a
mesma carga horaria?

()Sim, estudo matérias tedricas e praticas da mesma maneira e com a mesma
intensidade

( )N&o, estudo mais as matérias teoricas
( )N&o, estudo mais as matérias praticas
( )N&o estudo as matérias além da sala de aula.

5 — Vocé costuma praticar alguma atividade que necessite de habilidade manual?
(- )Sim Tipo
( )Nao
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Anexo 3 — Artigo: Right Hand Digit Ratio (2D:4D) is Associated with Oral
Cancer

AMERICAN JOURNAL OF HUMAN BIOLOGY 23:473-425 (2011)

Short Report
Right Hand Digit Ratio (2D:4D) is Associated with Oral Cancer

RENATO NICOLAS HOPP* avn JACKS JORGE
FPiracicaba Dental School, Department of Oral Diagnosis, Piracicaba, Sdo Paulo, Braeid 15414-808

ABSTRACT Finger length ratio has been proposed as a putative marker for prenatal hormone exposure, az well as
the action of HOX, AR, and a variant of the LIN28b genes. These genes have been recently connected to carcinogenesis
and digit ratio could help to identify patients with this predisposition.

Objectives: The purpose of this study was to investigate the possible correlations between digit ratio, oral squamous
cell carcinoma (OSCC)—the mest common oral cancer—and oral premalignant lesions (OPLg) in tobaceo-consuming

males, the main risk group for this disease,

Methods: Digital images of the right hands of patients diagnosed with OSCC (n = 25), OPLs (n = 25), and age-

matched controls (n =

between the 2nd and 4th digits were compared. Data were analyzed by ANOVA (o

25) were obtained. Fingers were measured using Adobe Photoshop™ and the mean ratios

0.05).

Results: Risk factors (aleohol and tobaceo consumption, familial history) were similar between the three study

groupz. Males in the OSCC group presented =ignificantly higher digit ratio (P

OPLe and individuals without oral lesions.

0.03) in comparizon with males with

Conclusions: According to the results, males with the higher digit ratio seem to be more prone to undergo maligmiza-
tion of lesiong in the oral cavity, Similar deleterious habits for the three groups allows ug to infer that digit ratio could
add to the research of etiological factors and be a putative marker for the sereening of patients’ susceptibility to develop

oral squamous cell carcinoma. Am. J. Hum. Biol. 23:423-425, 2011.

The ratio between the second and fourth digits, also
known as 2D:4D or digit ratio has been proposed as a pu-
tative marker for prenatal hormone exposure as well as
HOX and AR gene expression (Manning et al., 1998, 2002,
2008b). Human hands can present index and ring fingers
of different lengths for males and females, a difference
first attributed to prenatal hormone exposure—high digit
ratio meaning higher estrogen exposure and low digit ra-
tio pointing to hisher testosterone exposure (Manning
et al., 1998). Digit ratio has since been correlated to medi-
cal, behavioral, and psychological traits as well as factors
beyond prenatal hormone exposure, 2uch as the action of
HOX gene family, androgen receptor gene (AR), and a var-
iant of LIN28B gene (Medland et al., 2010). These genes
have been correlated to carcinogenesis and, if 2D:4D is a
putative marker for the action of these genes, it might be
linked to carcinogenic events. Evidence wage also set out
that 2D:4D may be predictive of susceptibility to some
types of cancer and that this may be particularly true for
cancers that show sex differences in their occurrence, pro-
gression, and/or prognosis ( Manning, 2002).

More than 80% of all oral cancers correspond to oral
gquamous cell carcinoma (OSCC), a lesion that is much
more commeon in men than in women—16.0 versus 6.1 per
100,000, respectively (Edwards et al., 2010). Tobaceo and
aleohol consumption are the main etiological factors, but
O8CC has been correlated to HPV, nutrition, oral hygiene
and p53, HOX and AR gene deregulations (Hass=an et al.,
2006; Santos et al,, 2004; Seully and Bagan, 2009). OSCC
is often preceded by oral premalignant lesions (OPLs), the
most prevalent being leukoplakia and erithroplakia
(Wang et al., 2009).

This study investigated the possible correlation of
O8SCC and OPLs to 2D:4D in aleohol and tobaceo consum-
ing men, the main risk group for the development of these
diseases.

22011 Wiley-Liss, Inc.

£ 2011 Wiley-Liss, Inc,

METHODS

Males between 40 and 80 years participated in this
study. Research was approved by the local institutional
review committee, Subjects responded to a questionnaire
regarding tobacco and alcohol consumption, medical per-
zonal and familial history. Individuals with history of
tobaceo consumption were selected for this study. Those
with right index or ring finger fracture history and/or hor-
monal disorders were excluded. All subjects underwent
oral clinical examination to detect recurrences on already
diagnosed patients, az well as identifving the prezence of
lesions on newly examined patients.

After the oral examination, subjects had their right
hand palm photographed by a digital camera (Canon
Powershot A350, Canon, USA) attached to a standardiz-
ing device, forming a 907 angle with the baze. All photo-
graphs were under the same camera configuration to
avoid dizcrepancies between images. Individuals kept
their wrist, back of hands, and fingers extended and
placed in the basge through the capturing process. Image
analysis was made by Adobe Photoshop 7.0% (Adobe Sys-
tems, USA) measuring tool, using 100% zoom.

Right hand index and ring fingers were measured in lin-
ear fazhion from the middle point of the most proximal
creaze up to the tip of the finger. Meazurements were
repeated three times, 2 days apart. Index finger length
was divided by ring finger length, originating the 2D:4D

*Carrezpondence to: Renate Nicoldz Hopp, Avenida Limeira, 201, Piraci

cabi, Sfio Paulo, Brazil. E-mail: renhopp@gmail com

Received 18 September 2010; Revision received 30 November 2010;
Agcepted 1 December 2000

DO 10,1002 gk, 21144

Published online 28 March 2011 in Wiley Online Library (wilsvonlinelibrary.
comml

22



424

TABLE I Characteristics of the study subjects

Croup Age 24D ratio Cigarettes'day EC FH
8CC(n—25y 603~+4.1 08700 - 0.0551 30.6 BET  B6%
PML(n - 250 62+ 1LY 0.9625 ~ 0.0512 226 82%  56%
NORin —25) 57.0+ 125 05643 + (L0365 220 DE%  56%
SO 1 PM 1ij lasion; NOR—no lesion;

0 s call carci ML—p
EC—Tegular ethanol consumption; FH-—Familial history of malignant neopla
i,

ratio. The analyzed ratio was the mean of the three meas-
urements performed.

After the measurement, individuals were assigned to
their respective groups; (a) NOR group—patients without
present or past oral malignant or premalignant lesions;
(b} 8CC group—patients diagnosed with OSCC, independ-
ent of subsite; (¢) OPL group—patients diagnosed with
OPLs, present or past, independent of type and subsite.
Individuals were age-matched between groups. Data were
analyzed by repeated measures one-way ANOVA and Stu-
dent’s ¢ test using Microsoft Excel (o = 5%).

RESULTS

General characteristics of the population are deseribed
in Table 1. Owverall, 75 tobacco-consuming individuals
were selected for this study. Aleohol consumption and
familial history of malignant neoplasia were frequently
reported. The mean cigarette consumption was slightly
higher on the SCC group, being similar between NOR and
PML groups, however, the difference among groups was
not significant (P = 0.10). Ethanol consumption was also
gimilar between the groups. Hormone therapy was not
reported.

SCC group had mean 2D:4D of 0.9700 + 0.0551 and 18
individuals presented high 2D:4D thigher than 0.9500);
PML group had mean 21:4D of 0.9625 = 0.0512 with 14
individuals having high 2D:4D; NOR group had mean
204D of 0.9643 = 0.0365 with 18 individuals above the
0.9500 mark. The mean digit ratio between the three
groups presented statistically significant difference (P =
0.03). Repeated measurements presented ICCS of 0.94 for
the Test 1 against 2, 0.96 for Test 2 against 3 and 0.96 for
Test 3 against 1, indicating reproducibility of the method.

DISCUSSION

Finger-length ratio has been correlated to many gender-
linked traits and pathologies, comprising 200-plus pub-
lished articles in recent years regarding behavioral treats
guch as physical and verbal aggressiveness, decision-mak-
ing processes (Coates et al., 2009); and medieal conditions
such as ecervix cancer and delayed menarche (Brabin
et al., 2008; Matchock, 2008).

Digit ratios could be influenced by many genetic condi-
tions—action of HOX, AR, and a variant of the LIN28b
genes. HOX gene family controls the urogenital system de-
velopment, as well as the differentiation of fingers and
gonads (Jung et al., 20010). HOX function could reflect in
2nd to 4th digit ratio and this could be used as a putative
marker for susceptibility to dizeases influenced by such
genes (Manning et al., 2003b), Previous research proposed
that low 214D could be a proxy marker for short CAG-tri-
plet repeat lengths on the AR, predisposing patients for can-
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eer development (Manning et al., 2002). Manning et al.
(2003a) correlated high 21:4D on the right hand to high
numbers of CAG triplets in the AR gene, but this high ratio
could also stand for a partial inactivation of this gene
(Berenbaum et al., 2008), contributing for disease prognosis,
Recently, correlations between high 2D:4D and a variant in
the LIN28B gene were reported (Medland et al., 2010).
HOX genes a, b, and o are overexpressed in head and
neck cancers (Destro et al., 2010; Hassan et al., 2006).
QSCC carcinogenesiz could also reside on other genetic fac-
tors, such as the action of the androgen receptor gene, as
propozed by Santos et al. (2004) or variants in the LIN28b
gene—which regulates development by interacting with
let-7 precursors—which has also been correlated to digit ra-
tio. This gene has been demonstrated to promote neoplastic
transformation and to be associated with more aggressive
malignancies in humans (Viswanathan et al., 2008).
Despite recent research having associated OSCC to sev-
eral etiological factors, its main risk factors continue to be
aleohol and especially tobacco consuming. Based on the
established carcinogenic effects of tobacco (Seully and
Bagan, 2009), only smokers were selected for this study.
Aleohol consumption and familial history of neoplasia,
other classic etiological factors, were similar hetween
groups. This selection diminished the influence of etiologi-
cal factors on the analysis, focuging on the influence of
2D:4D, adding to the explanation of why some patients
evolve for malignization of their lesions while others
remain with indolent premalignant lesions or even unaf-
fected, despite having the same deleterious habits.
Although some authors suggest that indirect measure-
ments could weaken the results of digit ratio studies
(Manning and Fink, 2010, every measurement methodol-
ogy has intrinsic errors and thus, distortions on the rela-
tive lengths may oceur. A standardized method of image
eapturing was suggested and, if distortions occurred, they
should be similar for all images. However, the necessity of
both methodological and epidemiological studies to fur-
ther investigate the strength of the findings is endorsed.
Males diagnosed with OSCC in our study presented
maore feminized digit ratio, especially when compared to
males that did not present oral lesions. This finding could
add to the complex etiology of OSCC carcinogenesis. This
is the first study to evaluate the correlation between oral
cancer and digit ratio. We believe that this study could
add to the dizcussion about the etiology of oral squamous
cell carcinoma by providing a possible putative marker for
the sereening of patients in risk to develop these malig-
nancies, It also points to the necessity to further investi-
gate the relations between OSCC and genetic and hormao-
nal factors that could be represented by digit ratios.
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Anexo 4 — Artigo: Right hand digit ratio (2D:4D) is associated with prostate
cancer: Findings of an admixed population study
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Abstract

Objective: Digit ratios are considered putative markers for prenatal hormone exposure, as well as the action of HOX and
AR genes. Such genes have been connected to carcinogenesis and digit ratio could help to identify patients that bear such
predisposition. The purpose of this study was to investigate the possible correlations between digit ratio, prostate cancer
(PCA) - the most common cancer in men —and benign prostate hyperplasia (BPH) in a multiethnic sample of men between
50 and 80 years, the main risk group for this disease.

Methods: Digital images of the right hands of patients diagnosed with PCA (n=40), BPH (n=40) and age-matched
controls (n=40) were obtained. Fingers were measured using Adobe Photoshop 7.0® and the mean ratios between the 2nd
and 4th digits were compared. Data were analyzed by Student’s t test and regression models (a=0.05). Risk factors (dietary
factors, tobacco consumption, age and familial history) were similar among the three study groups.

Results: Males in the PCA group presented significantly lower digit ratio (P=0.04) in comparison with males without
prostatic lesions.
Conclusions: Males with the lower digit ratio seem to be more prone to undergo malignization of prostatic lesions. Similar

risk factors for the three groups allows us to infer that digit ratio could add to the research of etiological factors and be a
putative marker for the screening of patients’, especially in a admixed population.

Key words
Digit ratio; 2D:4D; Prostate cancer;, Benign prostatic hyperplasia

Introduction

Human hands present different lengths of index and ring fingers for males and females, a difference first attributed to
prenatal hormone exposure - high digit ratio meaning higher estrogen exposure and low digit ratio pointing to higher
testosterone exposure I, The ratio between these fingers, known as 2D:4D or digit ratio is considered a putative marker
for prenatal hormone exposure as well as HOX and AR gene expression 31 Finger length ratio has since been correlated
to medical, behavioral and psychological conditions, particularly those influenced by prenatal hormone exposure.
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Proposition of digit ratio as a predictive marker of the susceptibility to some types of cancer, especially those that show sex
1471

differences in their occurrence, progression, and/or prognosis has gained strength
Prostate cancer (PCA) is the most common cancer in men and the commeonest overall, with a reported incidence of 165.8
per 100.000 Bl Although its exact ctiology 1s currently unknown, it has been correlated to factors such as age, race,
familial history and hormone exposure ). This lesion is thought to arise from premalignant conditions such as Benign
Prostatic Hyperplasia (BPH) and about §3% of all prostate cancers develop in preexistent sites of BPH. Currently, there
are only two studies that addressed correlations between 2D:4D and prostate cancer. and those have been performed in
populations that have relatively few ethnic differences ™). Prostate cancer developments could be influenced by in-utero
testosterone overexposure, which would reflect in lower digit ratios for individuals that develop this disease. This study
investigated this possible correlation between Prostate Cancer, BPH and 2D;4D in a multi-ethnic population.

Patients and Methods

The local institutional review committee approved this research. Males between 50 and 80 years were invited to participate
in this study, and responded to a questionnaire regarding habits, medical personal and familial history. Subjects with right
index or ring finger fracture history and/or hormonal disorders were excluded. All subjects were diagnosed by clinical and
histological analysis and were currently under treatment follow-up.

Individuals had their right hand palm photographed by a digital camera (Canon Powershot A550, Canon, USA) attached to
a standardizing device, forming a 907 angle with the base. Photographs were under the same camera configuration to avoid
discrepancies between images. Individuals kept their wrist, back of hands and fingers extended and placed in the base
throughout the capturing process. Image analysis was made using Adobe Photoshop 7.0® (Adobe Systems, USA)
measuring tool, using 100% zoom.

Measurements of night hand mdex and ring fingers were performed in lincar fashion from the middle point of the most
prosamal crease up o the tip of the finger and repeated 3 times, two days apart. Index finger length was divided by ring
finger length, originating the 213:4D ratio, The analyzed ratio was the mean of the three measurements performed.

After the measurement, individuals were assigned to their respective groups: (a) NOL group - patients without present ar
past malignant or premalignant prostatic lesions: (b) PCA group - patients diagnosed with prostate cancer: (¢) BPH group
- patients diagnosed with BPH. present or past. Individuals were age-matched between groups. Data were analyzed by
Student’s t test and logistic regression (a= 5%).

Results

Populational characteristics of the study are deseribed in Table 1. Overall, 120 individuals were selected for this study. In
a largely admixed population such as Brazilian. it is hard to attest ancestry of the individuals. Thus, there was no
possibility to divide the participants into ethnic groups such as African descendants, Caucasians, Asians or Indians, among
other ethnic groups.

Table 1. Characteristics of the study subjects

Group Age 20:4D ratio TC /[ (CigaretiesDay) EC FH

PCA (n=40) To4+54 0.9498 £ 0.0417 72.5% (24.00 T5.0% 57.5%

BPH (n=40) 64.5+ 7.5 0.9638 + 0.0550 T5.0% (20.00 72.5% A47.5%

NOL (n=40} 53.2+113 0.9665 £ 0.0395 60.0% (22.7) 87.5% 52.5%
Abbresiaions POA-prostate cimeer, BPH-bimign prostatic hypiplasi, WOL-no leton, BO-Regpulur dhinel comamption, FH-Familial hutory ofmalignant degplisin. TC-Tohaces conarmplaon

[}
[}
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Familial history of malignant neoplasia and alcohol and tobacco consumption were frequently reported. The mean alcohol
and cigarette consum ption were not significantly different among all groups (£=0.57). Hormone therapy was not reported.
Familial history of prostate cancer was similar among the groups.

Repeated measurements presented intra-class correlation coefficient (ICCS) of 0.95 for the test 1 against 2, 0.94 for test 2
against 3 and 0.97 for test 3 against 1, indicating reproducibility of the method.

Digit ratios for the PCA group were 0.9498 + 0.0417 and 22 individuals presented low 2D:4D (lower than 0.9500), BPH
group had mean 2D:4D of 0.9638 + 0.0550 with 14 individuals having low 2D:4D; NOL group had mean finger-length of
0.9665 +0.0395 with 12 individuals below the 0.9500 mark. Digit ratios were not significantly different between NOL and
HPB groups and HPB versus CA group (P=0.40 and 0.18 respectively, OR=1.08 and 1, 25 respectively), but they were
significant for the CA versus NOL group (P=0.04; OR=1.36; 95% CI = 1.11 - 1.61).

Discussion

Since 1998, more than 500 published articles have addressed the correlation of digit ratios to a plethora of gender-linked

traits and pathologies, such as physical and verbal aggressiveness, decision-making processes ['”; and medical conditions

such as cervix cancer, atherosclerotic plaque development and delayed menarche 1131

Many genetic conditions can influence digit ratios, in particular the action of HOX and androgen receptor (AR) genes.
HOX gene family controls the differentiation of fingers and gonads as well as the urogenital system development ). Digit
ratios could reflect the action of these genes, acting as a putative marker for susceptibility to diseases they are thought to
influence ™! Low digit ratios were proposed as proxy markers for short CAG-triplet repeat lengths on the AR,
predisposing patients for cancer development 2l Positive correlations between 2D:4D and the amount of CAG triplets on
the AR gene were reported ) and thus, low digit ratios could predispose patients to carcinogenesis and short CAG

sequences would contribute for disease prognosis.

Although recent publications have associated PCA to varied aetiologies, its main risk factors are considered increased age,
ethnicity and familial history of prostate cancer '*. Given these main risk factors, the individuals selected for this study
presented similar characteristics. Alcohol consumption, which could act as a dietary factor, did not significantly differ
among groups. This selection diminished the influence of etiological factors on the analysis, focusing on the influence of
2D:4D, adding to the explanation of why some patients evolve for BPH malignization while others remain with indolent

lesions or even unaffected.

Previous studies have investigated correlations between digit ratios and prostate cancer in Korean patients - an expected
genetically homogeneous and less susceptible population - and patients from the United Kingdom, a far less admixed
sample 7! Tt is difficult to establish race correlations on multiethnic populations such as Brazilian, and thus ethnic
influences seem to play smaller roles than hormonal influences on prostate cancer.

It was suggested that indirect measurements could weaken the results of digit ratio studies '*]. In fact, every measurement
methodology has inherent discrepancies and thus, distortions on the relative lengths may occur. The two other studies
regarding digit ratios and prostate cancer used direct measurements and self-reports 7). A standardized method of image
capturing was suggested for this study and, if distortions occurred, they were similar for all images. Results from ICCS
also pointed to method reproducibility. This study corroborates previous findings from the British and Korean studies.
However, larger multi-ethnic epidemiological as well as genetic and hormonal studies are necessary to investigate the

strength of correlations between prostate cancer and digit ratios.
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Males diagnosed with PCA in our study presented more masculinized digit ratios, especially when compared to males that
presented no prostatic lesion at all. This finding corroborates previous reports and endorses the complex etiology of PCA
carcinogenesis. This study adds to the discussion about the etiology of prostate cancer and reinforces the correlations
found elsewhere, with the special characteristic of being performed in an admixed population. Digit ratios could provide a
possible putative marker for the screening of patients in risk to develop prostatic malignancies, if and when correlations
are confirmed by larger studies. It also points to the necessity of further investigation of the relations between PCA and
genetic and hormonal factors that could be represented by digit ratios.
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