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AssTrACT: Human females demonstrate higher religiosity than men in populations. Digit ratio (2D:4D),
being a putative indicator of prenatal testosterone, is associated in varying degrees with characters that
show sexual dimorphism. A small number of studies have indicated that religiosity may be associated
with the biological basis of sex differences in humans. The objective of the present study was to ascertain
whether 2D:4D in religiously oriented seminary students is different from individuals in other occupations.
The study followed a cross-sectional design. Male participants of the study included 13 seminary students,
18 military chaplains and 91 control students from study courses relating to civil occupations. Lengths
of second (2D) and fourth (4D) digits and their ratio (2D:4D) for each hand, height and weight were the
variables and 2D:4D was the outcome measure. The results demonstrated that the seminary students had
significantly higher 2D:4D than both the military chaplains and civil students. The military chaplains had
the lowest 2D:4D. The study also revealed that the choice of religious occupation, and for that matter,
religiosity, could be linked with the prenatal hormonal environment, particularly lower intrauterine
testosterone compared to oestrogen.
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Introduction

Digit ratio (2D:4D), more specifically, the
ratio of the lengths of the second (index)
to the fourth (ring) finger is considered to
be a proxy marker of androgen exposure
during an early period of prenatal devel-
opment (Manning 2011). Compared to
female, male foetus gets exposed to rel-
atively higher levels of prenatal testoster-
one (PT) responsible for lengthening the
4% finger, whereas, prenatal oestrogen
(PE), which is higher in case of female
foetus, slows down the growth of the 4%
digit. This phenomenon results in the sex
difference in 2D:4D; males tend to have
longer 4 digits relative to the 2™ than do
females, i.e. male 2D:4D<female 2D:4D
at the population level (Manning et al.
1998; Cohen-Bendahan et al. 2005). The
sex difference in 2D:4D can be identified
at the end of the first trimester (Malas et
al. 2006; Galis et al. 2010). The 2D:4D
reflects this relative concentration of PT
and PE in a narrow developmental win-
dow during foetal growth (Zheng, Cohn
2011). During this brief phase of prenatal
development, this relative balance of in-
trauterine sex hormones plays significant
role in the “organisational” development
of brain which, in turn, leave an endur-
ing influence on behavioural and person-
ality characteristics, which, particularly,
show sexual dimorphism in the popula-
tion (Manning 2011; Hines et al. 2015).
Although, there was evidence showing
a lack of association between 2D:4D and
prenatal hormones (Hikey et al. 2010;
Nave et al. 2021), it was confirmed via
animal models (Zheng, Cohn 2011; Au-
ger et al. 2013). On average, males show
lower 2D:4D than females at the popu-
lation level and this sexual dimorphism
is established during the end of the first
trimester of foetal development (Malas et

al. 2006; Galis et al. 2010). After this pe-
riod, the ratio remains almost unchanged
for the rest life and remains stable even
during puberty (Mclntyre et al. 2005).
The 2D:4D was linked with several phys-
ical and behavioural traits in humans
(Manning 2008; 2011). Nevertheless, in
congruence with the role of prenatal an-
drogens to manipulate behaviour through
brain “organisation”, several behavioural
traits having sex variation, such as, asser-
tiveness and risk-taking behaviour, also
showed clear associations with higher
PT level (Manning, Taylor 2001; Man-
ning et al. 2010; Apicella et al. 2008). All
these characteristics, on the other hand,
showed association with lower 2D:4D
(Garbarino et al. 2011; Honekopp 2011).
Lower 2D:4D was also shown to be asso-
ciated with the choice of participation in
specific types of sports, especially, those
with relatively higher risk profiles, such
as contact sports, among Polish men and
women (Koziel et al. 2016; Kociuba et al.
2017; Tomaszewska, Luboniska 2022) and
also with ‘male-typical’ jobs in a range of
occupations among women (Manning
et al. 2010; Kociuba et al. 2016; Koziel
et al. 2018).

One broad dimension of human be-
haviour that shows considerable sexual
dimorphism across culture is ‘religiosity’
(Schmitt, Fuller 2015). Greater affiliation
to religion in females than males across
cultures were reported several times in
scientific literature (Roth and Kroll 2007;
Voas et al. 2013). In many religions, fe-
males tend to be more involved in a va-
riety of religious practices and to report
stronger religious beliefs, commitment,
salience, and spirituality than males
(Hoffmen 2019). Most theories used
the universally similar gender specific
socialization and also the sex oriented
biological differences between male and
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female in order to explain such gender
difference in religiousness (Tizebiatow-
ska 2012; Hoffmann 2019). However,
one theory suggested that sexual dimor-
phism in risk preferences might also be
attributed to the association of gender
and religiousness in a broader extent.
In general, males, compared to females,
tend to prefer risks and this translates
into less frequent religious behaviours,
such as attendance and prayer, and a di-
minished sense of importance of religion
in life (Miller, Hoffmann 1995). Howev-
er, a growing body of evidence has indi-
cated that religiosity not only has psy-
chosocial, but also a physiological basis.
For instance, data from large national
surveys among older U.S. adults revealed
that higher baseline levels of testosterone
and dehydroepiandrosterone was clear
predictors of religiousness whether meas-
ured by attendance at services or network
connections to clergy (Das 2018).

As mentioned above, 2D:4D, being
a marker of PT and sexually dimorphic,
has been linked with several other sex-
ually dimorphic characters in humans.
Thus, one might expect that it would
also correlate with religiosity and other
associated personality characters, as the
former also shows a distinct sex differ-
ence. However, studies showing associa-
tions of 2D:4D with such characteristics
are hitherto limited. For example, de-
velopment of ‘paranormal’ and ‘super-
stitious’ beliefs, both suggested to rely
upon a common underlying factor (see
Lindeman, Aarnio 2006), were reported
to be associated with high 2D:4D (Rog-
ers et al. 2017; Voracek 2009). Besides,
higher religiousness was associated with
lower risk-taking behaviour (Pitel et al.
2012). On the other hand, risk taking
was linked with both testosterone (Api-
cella et al. 2008; Sapienza et al. 2009;

Stark 2002) and 2D:4D (Garbarino et
al. 2011; Honekopp 2011). The 2D:4D
in males was positively associated with
beliefs in superstitions and the paranor-
mal (Voracek 2009), but not in females.
On the other hand, Richards (2017)
could not replicate similar associations
and Ellis et al. (2016) reported no asso-
ciation between 2D:4D and religiosity.
Another recent study (Richards et al.
2018) pointed out that high 2D:4D may
be relatively-specifically associated with
increased religious affiliation in young
and highly-educated females. However,
in this study, the association with reli-
gious affiliation was observed in females
but not males and the correlations with
trait measures were all non-significant.
Moreover, this study was a conglomera-
tion of two studies, of which, only one
found a significant association.
Therefore, the previous studies pro-
vided mixed evidence regarding the
plausible connection between 2D:4D
and religious attitude and/or choice for
a relatively more religious life, albeit,
collateral evidence indicated a possible
link. It is worth mentioning here that
Polish students undertaking military
courses showed lower 2D:4D than civil
students in previous studies. The former
two groups represented two contrasting
occupations based on risk profiles; the
military chaplains involving higher in-
volvement with and exposure to risk re-
lated to a war front, whenever required,
whereby, the seminary students were the
religious leaders always serving in the
ambit of a religious institution and living
in a religious way. In a previous study,
Polish students who chose military ser-
vices as a future career path showed low-
er 2D:4D than those who preferred civil
jobs (Kociuba et al. 2016). Hence, in this
present study, it was hypothesised that
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seminary students would show a high-
er 2D:4D than male military chaplains
and civil course students. The aim of this
study was thus to assess the association
of 2D:4D with a religiously oriented oc-
cupation in contrast to others.

Material and methods

Participants and settings
This cross sectional study included 122
Polish male participants, 13 of whom
were seminary students (students of
theological seminary) as the experimen-
tal group with a mean (SD) age of 24.2
(2.7) years. They were included from the
Metropolitan Higher Theological Semi-
nary in Wroclaw (MHTS). The second
group consisted of 18 military chaplains
(mean age 33.5; SD 3.6 years). Another
91 males as a control group were includ-
ed from the students undertaking civil
study courses (mean age 29.9, SD 4.9,
years) at the General Kusciuszko Mili-
tary Academy of Land Forces (GKMALF)
in Wroctaw. All participants were ap-
parently and reportedly healthy and de-
void of any abnormality or deformity in
hands and fingers, in particular. Before
inclusion, it was ensured if they were
not compelled by any circumstance to
choose the occupation, especially, for
the clerks and chaplains. The seminary
students, belonging to the MHTS, Wro-
claw, had chosen this opportunity for
a religious occupation and were admit-
ted in that institute. These students
came from small towns and villages of
South-Western Poland. They had to live
in a hostel located within a closed cam-
pus and their daytime is strictly sched-
uled beginning and ending with com-
mon prayers in the seminary chapel.
They took meals together and slept in
shared rooms. They required obtaining

permission of the authority to go out
of the seminary campus. On the other
hand, the military chaplains were re-
cruited during their officer’s course that
took place in Academy of Land Forces in
Wroclaw. All chaplains were graduates
from several different civil theological
seminaries. After the completion of the
course they were commissioned and del-
egated to military units as members of
the clerics.

Necessary permission was obtained
from the authority of GKMALF and
MHTS for conducting the study. In-
formed consents from all participants
were also obtained during study. Ethical
guidelines as per Helsinki Declaration
were adhered to (Goodyear et al. 2007).
Permission was granted to measure
the seminary students for only one day
during the lessons. On the day, 13 stu-
dents agreed to participate in the study.
Military chaplains, as other professional
soldiers, were subject to periodical tests
of physical fitness at their institute (GK-
MALF), where they were measured on
this occasion.

Anthropometry
Measurements of height with a stadi-
ometer to the nearest 1 mm and body
weight with a standardized digital scale
to the nearest 1g were recorded. During
measurement the subjects wore light
garments. The lengths of the second and
fourth digits of each hand were measured
to the nearest 0.1 mm by trained phys-
ical anthropologists (MK and TK) using
a digital caliper (TESA SHOP-CAL). The
finger lengths were recorded on the ven-
tral surface of the hand, from the mid-
point of the basal crease (most proximal
to palm) to the tip of the digit. While
measuring, the participant was asked to
rest the hand on a flat table surface with
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the ventral surface facing upward. The
digits, except the thumb, were kept fully
extended but relaxed and touching each
others laterally (Manning et al. 1998).
Another variable, right minus left hand
2D:4D difference (D, ), is considered to
be an alternative marker of PT, and thus,
is a sex dependent character in adults. It
is also a measure of “directional asym-
metry”. Larger or rightward biased D,
values are, generally, expected in women
compared to men (Rogers et al. 2017). In
the present study, D, | was also calculat-
ed and tested for its association, if any,
with religiosity.

Statistics
Descriptive statistics of mean and stand-
ard deviation were calculated for 2D:4D
of each hand and for the average of two
hands. As the sample size of the study
appeared to be low and there was no
option to increase the number of semi-
nary student participants, we attempted
to check if the sample was statistically
sufficient. As it was difficult to obtain
a sufficient sample from among the reli-
gious students due to some reservations
against permitting for such studies, we
calculated a priori the minimum number
of experimental subjects for the analyses
to be carried out. For one-way ANOVA
with 3 groups, with RMSSE fixed on
0.25, error type-I at 0.05, power of test
0.80, the estimated required sample size
was 79. Our number in ANOVA was 122
for all individuals. Therefore, we expect-
ed a fair statistical result from a small
sample size. One-way analysis of vari-
ance was employed to observe the signifi-
cance of difference in 2D:4D between the
groups. Analyses of covariance (ANCO-
VA) with generalized linear model (GLM)
were conducted to test the differences in
2D:4D between the groups, allowing for

age, height and BMI. These covariates
were included in the model as controls
as there is evidence that these might
be correlated with 2D:4D in European
— (Manning et al. 2021) and in Polish
populations (Tomaszewska, Lubonska
2022). Differences in mean (+SE) 2D:4D
between the groups were assessed by
Tukey’s post-hoc test for unequal sample
size. The differences were also presented
by appropriate diagrams (Fig. 1). All the
statistical analyses were performed by
Statistica 13.1 software (Dell Inc. 2016).

Results

Table 1 Shows the descriptive statistics
of mean and corresponding standard
deviation (SD) for 2D:4D between the
study groups. The mean (SD) 2D:4D
in right hand (F=4.20, p<0.05) and for
average of both hands (F=3.67, p<0.05)
differed significantly between the groups,
whereas for left hand differences were
not significant. Differences were also not
significant for D, . The military chap-
lains showed the lowest and the semi-
nary students the highest, while the civil
students showed intermediate values.
Table 2 presents the results of ANCO-
VA performed to assess the significance
of difference in 2D:4D among the three
study groups after controlling for the in-
dependent effects of age, BMI and body
height. The groups differed in respect of
the right hand - (F=8.09, p<0.05) and
also for both hands - (F=7.64, p<0.05)
2D:4D, allowing for age, height and BMI.
No significant effect of any of these con-
founding variables on digit ratio was ob-
served for any hand. Also, the D | did not
exhibit any significant difference. Figure
1 also demonstrates the differences be-
tween groups in each hand and for the
average 2D:4D of both hands together.
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Table 1. Descriptive statistics of 2D:4D according to study groups and results of one-way ANOVA

Clergyman Military chaplains Civil students
(N=13) (N=18) (N=91)
2D:4D Mean SD Mean SD Mean SD F p
Right 0.993 0.039 0.962 0.036 0.970 0.027 4.20 0.0173
Left 0.995 0.029 0.974 0.030 0.984 0.030 1.90 0.1539
Average 0.994 0.029 0.968 0.030 0.977 0.026 3.67 0.0284
D -0.013 0.030 -0.003 0.037 -0.013 0.026 0.86 0.4278

R-L

Table 2. Results of MANOVA where the DR was dependent variables, groups independent and age, height

and BMI covariates

Right hand Left hand Average of both hands D,,
Wald’s > p Wald’s p Wald’s 2 p Wald’s > p
Group 8.09 0.0175 4.32 0.1153 7.64 0.0219 0.54 0.7630
Age 0.50 0.4776 0.49 0.4836 0.63 0.4264 0.04 0.8454
Height 0.02 0.8967 0.32 0.5693 0.06 0.8044 0.59 0.4420
BMI 2.38 0.1229 0.30 0.5819 1.42 0.2340 0.61 0.4360
1,06
W 204D right hand
W 2D:4D left hand
104
p=0.0378
p=0.0158
102
[a]
‘O’— 1,00
098
0.96
094
Military chaplains Clergyman Control - students
Study groups

Fig. 1. Mean and 95% CI of 2D:4D for three study groups.

Discussion

The present exploratory study includ-
ed Polish seminary students, military
chaplains and civil course students and
assessed the association of 2D:4D with
religiously oriented occupation by com-
paring the values of 2D:4D between

these groups. The objective was to ob-
serve whether it differed between groups
of participants belonging to religious and
non-religious affiliations. The results re-
vealed that the seminary students had
significantly higher 2D:4D than both
the military chaplains and civil students,
whereas, the military chaplains had the
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lowest 2D:4D. It has been well known
that religious characteristics in humans
have gender differences that have been
confirmed by recent studies in European
populations (Robinson et al. 2018). It in-
dicated that prenatal androgen, particular-
ly, testosterone exposure, might be some-
how linked with the choice for a religious
life and occupation, such as, a seminary
student. However, there was no signifi-
cant difference in D, | between the groups,
similar to the studies by Voracek (2009)
and Rogers et al. (2017), where this varia-
ble did not show a significant association
with superstitious and paranormal beliefs.
Religious, paranormal, and super-
stitious beliefs could be associated with
each other (Orenstein 2001; Ilory 2014).
On the other hand, paranormal and su-
perstitious beliefs were reported to be
associated with higher 2D:4D in males
in one study (Voracek 2009) and in fe-
males in another (Rogers et al. 2017).
However, a plausible explanation for
such associations is still lacking. Religi-
osity, however, was associated with low-
er risk-taking behaviour (e.g. Pitel et al.
2012), and ‘irreligiousness’ was associ-
ated with short-sighted risky behaviours
that might have a physiological basis, too
(Stark 2002). As discussed earlier, Mill-
er and Hoffmann (1995) proposed that
one key reason females were reported to
be more inclined towards religious affil-
iations was their lower risk preference
or higher average levels of risk aversion
relative to males of the same population.
In spite of many studies failing to show
such association (Roth and Kroll 2007;
Freese and Montgomery 2007), a recent
replication study on European popula-
tions seemed to revive the possible role
of risk preference, or at least, of risk be-
haviour, to account for sex difference in
religiousness (Hoffman 2019).

It was shown in several studies that
males, relative to females, tend to prefer
risk and get more engaged in risk-taking
behaviours (Byrnes et al. 1999; Charness
and Gneezy 2012; Harris et al. 2006;
Niederle 2015). Thus, the risk preference
theory of religion advanced the analogi-
cal notion that risk preferences might ex-
plain why males were also less “religious”
than females (Hoffman 2019). Thus the
preliminary findings of association of
2D:4D with religiousness or, in present
case, with the occupation of seminary
students, might correspond with the
finding that higher 2D:4D is associated
with lower levels of risk-taking behaviour
or higher risk aversion (e.g. Honekopp
2011), compared to military chaplains,
who showed significantly lower 2D:4D.
However, such an analogy is based on
the assumption that a lower risk taking
attitude is correlated with higher religi-
osity (Hoffman 2019; Miller and Hoff-
mann 1995). In that case, the underly-
ing association between risk preferences
and religiosity might have their common
association with 2D:4D, and thus, with
prenatal androgen exposure and resulting
brain organization during foetal develop-
ment. The origin of religiosity and it's
variation at the gender and population
level could, thus, be comprehended with-
in the theoretical doctrine of intrauterine
origin of human behaviour.

Studies have also identified that occu-
pational choices could be linked with PT
exposure represented by 2D:4D measures.
In a study on the Polish population, it was
shown that individuals who chose study
courses leading to military jobs (high risk|
had lower 2D:4D compared to their civ-
il courses (low risk) peers (Kociuba et al.
2016). Similarly, individuals choosing to
become a police officer had lower 2D:4D
than those preferring civil professions



102

M. Kociuba, T. Kulik, R. Chakraborty, Z. Ignasiak, A. Rokita, S. Kozietl

(Koziel et al. 2018). Even the voluntary se-
lection of high risk sport, such as judo, as
compared to low risk ones, such as aero-
bic exercises, was associated with relative-
ly lower 2D:4D (Kociuba et al. 2017). In
brief, the findings of these studies together
indicated that the choice of careers based
on their respective risk profiles, or ele-
ments associated with those jobs, may be
correlated with prenatal androgen environ-
ment, and therefore, pointing to 2D:4D
value. Perhaps, one of the most important
findings of this present study was that the
seminary students not only showed high-
er 2D:4D values than the military chap-
lains, but also than with the civil courses
students. This indicated that individuals
with a higher religious orientation, or at
least with higher religiosity, may consti-
tute a distinct group with higher 2D:4D
within the population. This relatively
higher (feminine’) digit ratio among sem-
inary students is probably linked through
broader associations between higher risk
aversion, and “femininity’. However, it is
too premature to conclude on this issue
without further detailed analyses using
objective measures of risk taking and re-
ligiosity along with 2D:4D.

As stated earlier, hitherto there has
been only one study (Richards et al. 2018)
available on the online database regarding
the association of 2D:4D with self-report-
ed religious affiliation, general religiosity,
spirituality, religious fundamentalism,
and religious commitment among the
university students and in the general
population. Females who were affiliated
with organised religions had higher dig-
it ratios compared to agnostic or atheist
females. No other measure of religiosi-
ty was related to 2D:4D in either of the
two study groups (Richards et al. 2018).
In this context, the present study is novel
and needs further confirmation based on

a larger sample and precise measures of
religiosity. The small sample of the sem-
inary students was an acute limitation
of our study, albeit, it narrowly fulfilled
statistical requirements. However, from
another point of the findings, the relia-
bility of the study, perhaps, increased as
there was a significantly clear distinction
of the seminary students from both mil-
itary chaplains, as well as from another
set of the general population. Besides,
it is worth mentioning here that the de-
velopment of religiosity since childhood
may also be influenced by parental belief
patterns and also by the cultural environ-
ment. Therefore, some consideration of
cultural/societal influences on the devel-
opment of religious beliefs would be very
useful in further studies in order to eval-
uate the chance that the effects of PT are
overwritten by the much larger effects of
cultural upbringing of an individual. Be-
sides, parental/societal influences regard-
ing paranormal/superstitious beliefs may
be much less pervasive than those relating
to religion. This could potentially explain
why 2D:4D effects relating to the former
have been observed but there is currently
much less evidence for the latter. Howev-
er, before attempting to draw some con-
clusion on the outcome of the study this
is worth reminding that the first study by
Voracek (2009) which had reported a link
between paranormal belief and 2D:4D is
not highly confirmative and the attempt
of Rogers et al (2017) could not satisfacto-
rily replicate it. It is also not clear whether
we should consider paranormal behaviour
in the same way that we do for religiosi-
ty in the context of their plausible asso-
ciations with 2D:4D. Furthermore, as
regards religiosity, Richards (2017) could
not replicate similar associations and Ellis
et al. (2016) reported no association be-
tween 2D:4D and religiosity.
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To conclude, our study, in congruence
with that of Richards et al. (2018) indi-
cated that the individuals with higher
digit ratio might relatively be more dis-
posed to religious life, in males. However,
every conclusion drawn from this study
should be treated with caution in view
of the inherent limitations of the study,
such as the participants’ religiosity was
not measured in this study. Only the
choice of study course was perceived as
a proxy to religious inclination. as stat-
ed above, particularly, the low sample of
one participant group. Besides, the study
included only male participants. Data
on religiosity of females might provide
further insights into the plausible asso-
ciation of religiousness and prenatal con-
dition. However, the most crucial limita-
tion of this study, perhaps, was the small
sample of seminary students. Finally,
although the risk preference theory has
been popular in religious studies, its ef-
ficacy to explain religious differences in
terms of biological differences between
females and males has been controver-
sial (Stark 2002; Miller, Stark 2002; Sul-
lin 2006). Studies on religiosity relating
to testosterone and digit ratio across cul-
tures in varied social contexts would add
to the knowledge of prenatal origin of hu-
man behaviours.
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