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AbstrAct: The 2D:4D digit ratio has been established as a biomarker of the level of exposure to prenatal sex 
hormones’ balancebetween prenatal testosterone (PT) and estrogenne levels. Higher 2D:4D indicates lower 
PT exposure and vice versa. Data suggests that PT exposure is linked to a risk-taking attitude and physical 
aggressiveness, both of which are requirements in contact sport. A possible correlation between 2D:4D and 
human body mass index has also been identified. The aim of the study was to examine the relation between 
2D:4D ratio and choice of sport. It was assumed that female soccer players who choose a contact sport 
would have a lower 2D:4D ratio (thus experiencing higher exposure to PT) than female volleyball players 
(selecting non-contact sport). The analysis was also aimed at identifying whether a correlation between 
prenatal testosterone level and BMI exists. The participant sample consisted of 103 women – 36 volleyball 
players, 33 soccer players and a control group (N=34). Measurements were collected in 2019–2020. The 
results suggest that 2D:4D was significantly different in women practicing various sports (contact and non-
contact sports). Women engaged in contact sports had lower 2D:4D than women engaged in non-contact 
sports, and vice versa (p<0.05). 2D:4D correlated positively with BMI and body weight – the higher the 
2D:4D ratio, the higher the BMI and body weight (and vice versa) (p<0.05). Low 2D:4D (high PT exposure) 
may predict the choice of more risky, aggressive contact sports, and vice versa. High 2D:4D may predict 
a higher BMI and body weight, and vice versa. 
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Introduction

The digit length ratio 2D:4D has re-
peatedly featured as an object of study. 
The latter is a  ratio of the index finger 
length (2D) and ring finger length (4D) 
(Manning et al. 2014). The value of digit 
length ratio is a biomarker of prenatal sex 
hormones’ balance between testosterone 
and estrogene levels. A high level of pre-
natal exposure to testosterone decreases 
the value of the 2D:4D ratio, while the 
low level of prenatal testosterone boosts 
the value of this index (Lutchmaya et 
al. 2004; Manning and Fink 2011; Man-
ning et al.  2014; Bovet 2019). During 
the fetal stage, the synthesis of prena-
tal testosterone is one of many factors 
that influence development of gender 
and reproductive glands. If prenatal tes-
tosterone dominates prenatal estrogen, 
it directs the development towards the 
male gender, and vice-versa (Lichten-
berg-Kokoszka 2016). For this reason, 
male individuals have a  lower digit ra-
tio (and at the same time a higher level 
of testosterone) than women (Manning 
et al. 1998). An abundance of scholarly 
work confirms the dimorphic character 
of this index (Putz et al. 2004; Rahman 
et al.  2005; Malas et  al.  2006; Galis 
et al.  2010; Manning et  al.  2014; Mu-
larczyk et al. 2014; Zaleska et al. 2017; 
Manning and Fink 2020). 

The 2D:4D ratio is established whilst 
still in the prenatal development phase, 
identifiable during the fetal stage in ute-
ro and is constant across all stages of 
ontogenetic development (Manning et 
al.  1998). The difference between the 
2D:4D ratio in male and female individ-
uals can already be observed at the end 
of the first trimester of pregnancy (Malas 
et al. 2006; Galis et al. 2010). In order to 
explain the mechanism responsible for 

the establishment of the length ratio be-
tween the ring and index digit, as well as 
its correlation with the level of exposure 
to hormones during the prenatal stage, 
it should be noted that the development 
of digits correlates with the formation 
of the genitourinary system through 
common control of their development 
by homeotic genes (Hox) (Kondo et 
al. 1997; Manning et al. 1998; Manning 
2011). This accounts for the correlation 
between the process of the prenatal sex 
steroid production and fetal digit forma-
tion patterns. It appears, however, that 
this correlation is limited only to pre-
natal androgens, as no reliable evidence 
has been identified to explain the corre-
lation between the 2D:4D ratio values 
and the level of testosterone in adults 
(Manning et al.  2004; Hönekopp et 
al. 2007). Since the 2D:4D ratio is a sex 
dimorphic trait that develops in utero 
(Manning et al.  1998; Manning 2002; 
Malas et al. 2006), this suggests a corre-
lation with many other traits that are de-
termined during prenatal development. 
Intrauterine hormone balance influenc-
es also adult behavioral traits (Hines 
2006). Proneness to aggressive behavior 
is one of the differences between genders 
in humans – men exhibit a greater ten-
dency for aggressive behavior than wom-
en (Campbell 2006). Male individuals 
tend to make risky decisions more often 
than women (Hersch 1996). Researching 
the correlation between the 2D:4D ratio 
and aggressiveness, Schwerdtfeger et al. 
(2010) identified a  negative correlation 
in male individuals, indicating that the 
lower the 2D:4D ratio (and concurrent-
ly a  higher level of PT), the higher the 
level of aggressiveness in the examined 
cases. In research involving a large study 
group (N=2200), Hönekopp (2011) con-
firms a negative correlation between the 
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2D:4D ratio and physical, as well as ver-
bal, aggressiveness. Millet (2011) and 
Millet and Dewitte (2007) have linked 
low values of this ratio with a  greater 
tendency for aggressive behavior in com-
petitive circumstances. Hönekopp and 
Watson (2011) confirm these results for 
men, yet failed to identify a similar cor-
relation in examined female individuals. 
Kociuba et al. (2015) and Koziel et al. 
(2018) noticed the relationship between 
2D-4D with choices of relatively risky 
professions such as military and police 
officers.

Tamiya et al. (2012) and Perciavalle et 
al. (2013) consider aggressiveness to be 
one of the potential factors for success 
in sport, suggesting it may be useful in 
certain sports that involve high risk (of, 
for instance, injuries). For example, soc-
cer is classified as one such sport since it 
involves a high risk of a body collisions 
between players (Mitchell et al.  2005). 
Perciavalle et al. (2013) note that soc-
cer players ranked higher, in terms of 
tendency for aggressive behavior, than 
other sportsmen from the control group. 
Moreover, soccer players exhibited a low-
er 2D:4D ratio than other surveyed in-
dividuals. In their study, Kim and Kim 
(2016) argue that low 2D:4D values 
might positively impact the success rate 
in aggressive sports. Additionally, they 
demonstrate that low 2D:4D values 
might serve as a predictor of the choice 
of competitive sport, involving high lev-
els of aggressiveness and risk. Hönekopp 
(2011) also noted a  significant positive 
correlation between 2D:4D values and 
a tendency to risky behavior (in females). 
Reed and Meggs’ (2017) research sought 
to measure testosterone levels during 
the prenatal development as a predictor 
of the choice of sport. Their research in-
troduces a categorization of sports as ei-

ther openly aggressive (contact sports) or 
non-aggressive (non-contact). As a result, 
it has been demonstrated that athletes 
training for contact sports display signifi-
cantly lower 2D:4D values by compari-
son to athletes training for non-contact 
sports. These conclusions have been 
corroborated by Kociuba et al.’s (2017) 
research, which determined that women 
who chose contact sports that involved 
risky and aggressive behavior (boxing 
and judo) possessed significantly lower 
2D:4D values than women who chose 
non-contact sports.

One of the sex dimorphic features 
in utero is BMI (Body Mass Index) 
(Broere-brown et al.  2016; Galjaard et 
al. 2019). It may be assumed that sex hor-
mones are the main regulators of male 
and female dimorphic morphological sex 
characteristics during puberty (as well as 
in adult individuals). Contrary to body fat 
deposition, which changes its character 
as a  dimorphic trait across development 
stages (the differences between males 
and females are in certain stages evident, 
while in others barely visible), characteris-
tics such as body mass index, waist to hip 
perimeter ratio and waist to chest perime-
ter ratio, are stable dimorphic traits (Fink 
et al. 2003). In this regard, the differences 
between males and females are constant-
ly visible, as they are not dependent, to 
such a degree, on postnatal sex hormones 
(which are ontogenetically changeable) 
(Fink et al.  2003). For this reason, the 
changeability of these traits may, at least 
partly, depend on the effect of masculin-
ization or feminization during the fetal 
stage. For instance, a low waist-hip ratio 
(WHR) in females usually results from 
a high level of exposure to prenatal testos-
terone (which is characteristic of males) 
(Evans et al. 1983, Manning et al. 1998), 
however there is new evidence that the 
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2D:4D is not a  reliable indicator of the 
levels of testosterone (Hollier et al. 2015; 
Whitehouse et al.  2015; Apicella et 
al. 2016). Female BMI is also usually low-
er than that of males (Erkec 2019). Draw-
ing on digit length index as a biomarker of 
prenatal exposure to sex hormones, Fink 
et al. (2003) explore the hypothesis that 
typically male (low) values of the 2D:4D 
ratio correlate with typically male (an-
drogenized) BMI values. They confirm 
a significant positive correlation between 
BMI and 2D:4D values in males (higher 
BIM, higher 2D:4D value). Bagepally et 
al. (2020) reach similar conclusions. Al-
though research has not attested similar 
correlations in surveyed women (Manning 
2002; Fink et al. 2003; Erkec 2019), some 
studies argue for the existence of a corre-
lation between a higher estrogen level and 
obesity, in both males and females (Kley 
et al. 1980; Kirschner et al. 1981), which 
prompts further studies and research of 
the issue.

In addition to the biological impor-
tance of the feature under the study, the 
finger length index can be a  good tool 
to select the best, most predisposed to 
specific disciplines Athletes, and it can 
therefore be used in coaching work.

Material and Methods

The research sample for this study con-
sisted of 103 women: 36 soccer players 
athletes training on a semi-profession-

al level, 33 volleyball players training 
volleyball on a  semi-professional level 
and 34 non-athletes. Their average age 
was 22 years (SD=6.38). The survey 
was conducted in 2019–2020. The in-
clusion criterion for participation in 
the study for female athletes was prac-
ticing a  given sport for at least three 
years or more.

The length of digits was measured 
in one part of surveyed individuals: in-
dex and ring fingers were measured us-
ing an electronic caliper gauge accurate 
to 0.01 mm. The surveyed individuals 
placed their hands on a  table palm up 
and with outstretched fingers. Digits 
were measured from epiphysis (pseudo-
phalangion II and IV) to tip (dactylion II 
and IV) (Manning et al.  1998). Each of 
the measurements was repeated thrice 
and the arithmetic mean of all these 
measurements was subsequently calcu-
lated, which was then used to calculate 
the 2D:4D ratio. When direct measure-
ments were not possible, measurements 
were conducted by means of an electron-
ic hand scanner where measurements 
were conducted in ImageJ software in 
the same way as measurements taken by 
electronic caliper.

Student’s t-test did not reveal any sta-
tistically significant differences between 
measurements taken by electronic caliper 
gauge (Mean=0.99; SD=0.03) and those 
taken using an electronic hand scanner 
(Mean=0.99; SD=0.03) (Table 1). 

Table 1. Comparison of right hand measurements conducted by electronic scanner and electronic caliper 
gauge.– not significant, p – significance level, t – Student’s t-test result for relevant groups

Trait

Electronic scans 
(N=10)

Electronic caliper gauge
(N=10)

Difference
volleyball – soccer players

Mean mean t p

2D:4D 0.988 0.988 0.053 ns
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Respondents provided their age, body 
height and mass. Based on these data, 
their BMI was calculated. Participation 
in the survey was voluntary. In order to 
assess the significance of the difference 
between three mean values of the 2D:4D 
index (interval features) taken separate-
ly for the left and right hand, a one-way 
analysis of variance (ANOVA) was first 
used, and then a  post-hoc analysis was 
conducted. In order to assess the exist-
ence of a correlation between 2D:4D and 
BMI, Pearson r correlation was used.

Results

Descriptive statistical data of the 2D:4D 
ratio – such as the mean, median, mini-
mum, maximum and standard deviation 

for left and right hand respectively – are 
presented in Table 2. 

Average values of the 2D:4D ratio for 
non-athletes (N=34), volleyball players 
(N=33) and soccer players (N=36), were 
compared using the category of left and 
right hand. This analysis did not reveal 
any statistically significant differences 
(p>0.05) (Table 3). 

During the course of further analysis, 
the post-hoc analysis for the left hand 
demonstrated a  statistically significant 
difference between two surveyed groups 
– volleyball players and soccer players. 
Significantly higher 2D:4D values were 
noted in the case of volleyball players 
(Mean=0.987) than in the case of soc-
cer players (Mean=0.968). Female soc-
cer players exhibited significantly lower 

Table 2. Basic descriptive characteristics of the 2D:4D index in groups of women engaged in volleyball, 
soccer and non-athletes

Trait
Control group Volleyball Soccer

2D:4DL 2D:4DR 2D:4DL 2D:4DR 2D:4DL 2D:4DR

N of valid measurements 34 34 36 36 33 33

Mean 0.984 0.994 0.987 1.001 0.968 0.983

Median 0.987 0.999 0.989 1.000 0.971 0.979

Minimum 0.916 0.914 0.916 0.929 0.915 0.926

Maximum 1.099 1.121 1.084 1.051 1.030 1.064

SD 0.044 0.040 0.039 0.030 0.028 0.031

SD – standard deviation

Table 3. Comparison of average 2D:4D values in female volleyball and soccer players and non-athletes, for 
left and right hand respectively

Study group
2D:4DL 2D:4DR

Mean SD Mean SD

Control group (N=34) 0.984 0.044 0.994 0.040

Volleyball (N=36) 0.987 0.039 1.001 0.030

Soccer (N=33) 0.968 0.028 0.983 0.031

Difference F=2.331; p=ns F=2.276; p=ns

F – variance analysis result, p – significance level, SD – standard deviation, ns – not significant.
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values of the index in question (Table 4). 
The post-hoc analysis for the right hand 
also revealed a  statistically significant 
difference between the two surveyed 
athlete groups – volleyball players and 
soccer players. As in the case of the left 
hand, significantly lower values of the 
2D:4D index were noted in the soccer 
players (Mean=0.983) than volleyball 
players (Mean=1.001), and vice versa 
(Table 5). 

Descriptive statistics of BMI (mean, 
median, minimum, maximum and 

standard deviation) for individual survey 
groups are presented in Table 6. 

The conducted analysis attested to 
the existence of a statistically significant 
positive correlation between BMI and 
the value of the 2D:4DL index (r=0.332; 
p=0.001). The index 2D:4DR also dis-
played a  statistically significant positive 
correlation (r=0.406; p<0.001) with 
BMI. These results demonstrate a direct-
ly proportional correlation – the lower 
the BMI values, the lower the 2D:4D ra-
tio values, and vice versa (Table 7). 

Table 4. Post-hoc test – differences between average 2D:4DL values in specific study groups

Study group [control group]
 x̅ =0.984

[volleyball]
 x̅ =0.987

[soccer] 
 x̅ =0.968

Control group (N=34) ns Ns

Volleyball (N=36) ns 0.045

Soccer (N=33) ns 0.045

ns – not significant, x̅ – mean

Table 5. Post-hoc analysis – differences between average 2D:4DR values in specific study groups 

Study group [1]
 x̅ =0.994

[2]
 x̅ =1.001

[3]
 x̅ =0.983

Control group [1] (N=34) ns Ns

Volleyball [2] (N=36) ns 0.036

Soccer [3] (N=33) ns 0.036

ns – not significant, x̅ – mean

Table 6. Basic descriptive characteristics of BMI in groups of women engaged in volleyball, soccer and 
non-athletes

Trait Control Group Volleyball Soccer

N of valid measurements 34 36 33

Mean 23.492 21.274 21.951

Median 22.026 20.659 22.308

Minimum 15.987 16.529 18.750

Maximum 41.522 26.881 24.974

SD 5.730 2.223 1.628

SD – standard deviation
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Table 7. Pearson’s r correlation between BMI and 
2D:4D index for left and right hand 

Trait
BMI

r p

2D:4DL 0.332 0.001

2D:4DR 0.406 <0.001

r – correlation value, p – significance level.

Discussion

The research conducted aimed to es-
tablish whether a  correlation exists 
between ratio 2D:4D – a  biomarker of 
exposure to testosterone during the pre-
natal stage – and the choice of sport in 
the case of female athletes. Two athlete 
groups, volleyball players and soccer 
players, were examined. Volleyball is 
perceived as a  sport with a  significant-
ly lower risk of injury by contrast with 
soccer (Kujala et al. 1995). The results 
suggest that 2D:4D was significantly 
different in women practicing various 
sports (contact and non-contact sports). 
Women engaged in contact sports had 
lower 2D:4D than women engaged 
in non-contact sports, and vice versa 
(p<0.05). 2D:4D correlated positively 
with BMI and body weight – the higher 
the 2D:4D ratio, the higher the BMI and 
body weight (and vice versa) (p<0.05). 
Low 2D:4D (high PT exposure) may 
predict the choice of more risky, ag-
gressive contact sports, and vice versa. 
High 2D:4D may predict a higher BMI 
and body weight, and vice versa. Pre-
dominantly, the latter results from the 
difference in the rate of body contact of 
the sports in question. In this regard, 
soccer is considered a sport with a high 
risk of injury (Złotkowska et al. 2015). 
Additionally, soccer has been classified 
as a sport involving a high risk of body 

clash, while in the case of volleyball, 
which is a  non-contact sport, this risk 
is very low (Mitchell et al. 2005). Given 
the high risk of injury inherent to soc-
cer, it may be assumed that the choice 
of this sport is indicative of a congruent 
awareness of the risk of injury.

The high risk of injury characteris-
tic of soccer correlates with aggressive-
ness, which is significant to contact 
sports. Aggressiveness allows players 
to achieve specific aims; for instance, 
scoring a goal during a soccer match, in-
tercepting the ball and blocking the op-
ponent’s influence on the course of the 
game (Soroka 2011). In order to block 
the opponent and prevent their domina-
tion in the field, soccer players often opt 
for risky and aggressive behavior, such 
as fouls, for instance. Moreover, not all 
aggressive behavior is considered a foul 
and penalized with a  red card, a  pun-
ishment reserved for the most brutal 
actions. Taking all of the latter into ac-
count, it may be concluded that women 
who choose and train for soccer should 
exhibit a higher tendency towards risky 
and aggressive behavior, by comparison 
with women who choose a non-contact 
sport such as volleyball.

It has been established that the ten-
dency to risky and aggressive behavior 
correlates with low, masculine 2D:4D 
values, indicative of high exposure to 
testosterone during prenatal develop-
ment (Millet and Dewitte 2007; Schw-
erdtfeger et al.  2010; Hönekopp 2011; 
Hönekopp and Watson 2011; Millet 
2011). Brañas-Garza et al. (2018) also 
connect low 2D:4D values in women 
with a tendency towards risky behavior. 
Perciavalle et al. (2013) further conclude 
that soccer players with low 2D:4D val-
ues were more prone to aggressive be-
havior than players with higher values 
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of this index. Moreover, Mailhos et al. 
(2016) note that the most aggressive 
soccer players (receiving red cards or 
penalties for more brutal actions) exhib-
ited a  significantly lower 2D:4D ratio 
than the rest of the players. Manning et 
al. (2014) suggest a correlation between 
the 2D:4D values and physical aggres-
siveness in sports as circumstances of 
challenge. Following this reasoning, this 
study hypothesizes that female soccer 
players who select a  contact sport, en-
tailing both aggression and higher risk, 
exhibit lower values of the 2D:4D ratio 
than volleyball players. Female athletes 
engaged in soccer exhibit lower values 
of both the 2D:4DL, as well as 2D:4DR 
ratio, than women engaged in volley-
ball (Tables 4 and 5). This suggests that 
women with a high exposure to testos-
terone during prenatal development 
choose contact sport, while women with 
less exposure to testosterone during this 
period, choose non-contact sport.

These results align with Kociuba 
et al.’s (2017) research, which high-
lights that women who chose contact 
sports (boxing and judo) exhibited lower 
2D:4D ratio values than women who 
chose safer sports. It should be noted 
that, as with soccer, boxing and judo are 
classified as sports with a high risk of in-
jury (Złotkowska et al. 2015). Kim and 
Kim’s (2016) research also corroborates 
these results, concluding that a  low 
2D:4D index is indicative of a  great-
er predisposition for more competitive 
sports and may positively impact the 
success rate in sports that require an ag-
gressive attitude. Additionally, Ribeiro 
et al.’s (2016) research with men con-
cludes that the level of testosterone rises 
(triggering an increase in aggressiveness 
and strength) as the result of aggressive 
challenges (for instance, a  body clash 

in a  contact sport) more often in indi-
viduals with a low 2D:4D ratio, predis-
posing them to contact sports. Similar 
conclusions are evidenced in Kociuba et 
al. (2019) and in Joyce et al.’s (2013) re-
search, where they determine that more 
aggressive athletes (both men and wom-
en) exhibit a significantly lower 2D:4D 
ratio. Drawing on the results of a  sur-
vey involving 200 men, Reed and Meggs 
(2017) note that athletes who had cho-
sen contact sports had a  lower 2D:4D 
ratio than athletes engaged in non-con-
tact sports. 

Bailey and Hurd (2005) confirm the 
negative correlation between the 2D:4D 
ratio and aggressive tendencies in men, 
yet failed to obtain similar results for 
women. Similarly, Hönekopp and Wat-
son (2011) do not note this correlation 
in females, prompting the need for fur-
ther studies on the existence of this cor-
relation in women. bo Bagepally et  al. 
(2020) also confirm this correlation. 
However, all of these studies were con-
ducted on male individuals. In the case 
of women, Manning (2002), Fink et al. 
(2003) and Erkec (2019) fail to observe 
any significant correlations between 
the discussed indexes. Nevertheless, 
it should be noted that BMI is a  stable 
dimorphic trait. The latter is contra-
ry to, body fat for instance, which dis-
plays a dimorphic character that changes 
across different development stages (the 
differences during infancy, early and later 
childhood are negligible, while they sig-
nificantly increase during puberty), thus 
depending on the relationship of (post-
natal) estrogen and testosterone (Nelson 
et al. 1999). The main reason behind the 
stability of BMI’s sex dimorphism is the 
individual profile of sex hormones (Fink 
et al.  2003), which indicates that this 
trait can be dependent on the effect of 
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masculinization or feminization during 
the fetal stage. These results provide an 
incentive for further research.

A small number of surveys conducted 
on women who train for specific sports, 
as well as discrepancies across some 
studies that have been conducted thus 
far, encourage further exploration of this 
issue. If the hypothesis put forward by 
this study is correct, further evidence 
will be forthcoming in the future. Digit 
measurements, as well as the establish-
ment of length index values, do not pose 
any research difficulty and may be easily 
obtained for future useful studies – for 
instance, during a  selection of young 
athletes – which may be helpful in the 
training of new generations of better 
(physiologically predisposed to specific 
sports) players. 

The authors are aware of the limita-
tion, concluding that such an approach 
and possible biases resulting from the 
small sample size and possible hormonal 
disorders may affect the obtained results. 
None of the participants declare hormo-
nal disorders, but it was only based on 
personal declarations.

A small number of surveys conduct-
ed on women who train for specific 
sports, as well as discrepancies across 
some studies that have been conducted 
thus far, encourage further exploration of 
this issue. If the hypothesis put forward 
by this study is correct, further evidence 
will be forthcoming in the future. Digit 
measurements, as well as the establish-
ment of length index values, do not pose 
any research difficulty and may be easily 
obtained for future useful studies – for 
instance, during a selection of young ath-
letes – which may be helpful in the train-
ing of new generations of better physio-
logically predisposed to specific sports 
players.
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