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AssTrRACT: In humans, prenatal development of brain dispositions to sex differences in mating behavior is
difficult to study directly. Indirect prenatal markers, including dermatoglyphics, present a viable option.

In this study we tested a hypothesis that some radio-ulnar contrasts in dermatoglyphic ridge counts
could be related with human sociosexuality.

Sociosexual Orientation Inventory (SOI) data from 180 young adults, along with fingerprints of their
terminal phalanges (via hand scanning) were collected, and relationships between SOI and dermatoglyphics
were analyzed.

Typical sex differences in SOI were recorded with higher scores in males and lower in females. Among
other results we found that on the index finger lower number of triradii and cores (i.e., mostly in loop
type dermatoglyphic patterns) and radial-biased within-finger asymmetry in ridge counts typical for ulnar
loops were connected with typical sex differences in SOI (higher in males and lower in females) while in
subjects possessing an opposite dermatoglyphic arrangement — higher numbers of cores and triradii and
ulnar-biased within-finger ridge count asymmetry typical in radial loops — sex differences in SOI scores
disappeared. Recognized significant and systematic trends were mostly connected with variables derived
from dermatoglyphic features on the 2°¢ and 4 fingers.

Possible relationships with prenatal androgen causation are discussed.
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Introduction

Sociosexuality and its prenatal
dispositions
Sociosexuality has been defined as a vari-
able willingness to have sex outside the
committed pair bond (Simpson and Gan-
gestad 1991). Largely applied self-report
sociosexual inventories (Simpson and
Gangestad 1991; Penke and Asendorpf
2008) contained several items reflecting
actually performed sociosexual behavior
(number of sexual partners, one-night sex
occasions), as well as sexual desire (inter-
nal forces of sex drive and preferences,
regardless if realized or not) and attitudes
to this aspect of sexuality (mostly learned
and also culturally forced, but not neces-
sarily without innate influences). There-
fore, sociosexuality in a way reflects
a complex issue of trade-off between
quality and quantity of sexual relations
(sexual/reproductive evolutionary strat-
egies) of each subject which is essential
from evolutionary (life-history) point of
view because it can make reproductive
differentials between subjects represent-

ing different levels of sociosexuality.
Across human populations, sex dif-
ferences in sociosexuality are influenced
both by biological and social factors (Lippa
2007; 2009). While social factors of soci-
osexuality are relatively easy to study via
questionnaires in surveys, the innate part
of variation in sociosexuality is more dif-
ficult to investigate even though it is also
important (Bailey et al. 2000; Lyons et al.
2004), i.e., the variation people are pre-
disposed to from prenatal development by
their genes and/or prenatal programming,
which can, genetically or epigenetically, be
passed on to the following generations.
Predispositions to sexual behavior
in general are developed in the human
brain prenatally under an influence of

prenatal sex differentiation factors, es-
pecially the expression of genes from
sex chromosomes locally in each cell
(Arnold 2014 for review) in a combina-
tion with sex hormones produced cen-
trally by prenatal gonads and secreted to
the embryonal/fetal circulation (Cohen-
Bendahan et al. 2005 for review), see
e.g., Mitsui et al. (2016; 2019) for recent
examples. In North American adult men
and women, sociosexuality — defined as
comparison between monoamorously
vs. polyamorously behaved subjects
- was related to levels of testosterone
(van Anders et al. 2007), even though
the relationship between sociosexual-
ity and testosterone might not be so
straightforward when long term changes
during the partnerships are taken into
account (Puts et al. 2015). It is unclear,
however, how levels of prenatal testos-
terone are involved in the predisposi-
tions for adult sociosexuality. Results
of testing relationships between 2D:4D
ratio — as a putative marker of prenatal
testosterone — with sexually dimorphic
behavioral traits were not unequivocal
(Charles and Alexander 2011; DeLecce
et al. 2014; Wong and Hines 2016).

Sex differences in dermatoglyphics
and relationships to behavior
There are some indications that dermato-
glyphics, initiating its development
in 10® to 11% weeks in utero (Loesch
1983:18-24; Babler 1991), could be used
as a potential indirect marker of prenatal
sexual differentiation and its prena-
tal influence on brain predispositions of
human behaviour (Bracha et al. 1991;
Fatjo-Vilas et al. 2008; Golembo-Smith
et al. 2012), including sexual behavior
and sociosexuality. The primary argu-
ment for such associations is a strong,
prenatally fixed sexual dimorphism of
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many dermatoglyphic traits (Schwidetz-
ky and Jantz 1979; Kralik et al. 2019).

Among other sex relationships, in
the majority of human samples, genet-
ically normal males have on average
higher Total Finger Ridge Count (TFRC)
and higher hand asymmetry in the ridge
count than genetically normal females
of the same population (Kunter and
Rahl 1995). Strong negative relation-
ship between TFRC and number (dose)
of sex chromosomes has been found;
the higher number of sex chromosomes
in a genome, the lower TFRC (Penrose
1963; Alter 1965; Penrose 1967; Jantz
and Hunt 1986). However, it is not clear
whether the origin of this dimorphism is
due directly to genetic differences in each
cell or is mediated by prenatal differences
in the action of steroid sex hormones.
Nor do the results of studies of people
with normal karyotypes (male 46,XY, fe-
male 46,XX) and disorders of sexual de-
velopment, including congenital adrenal
hyperplasia (Qazi and Thompson 1971;
Borger et al. 1986), or steroid receptor
disorders such as testicular feminization
syndrome (Polani and Polani 1979), offer
a clearer view. At present, therefore, it is
not possible to say unequivocally whether
the sex differences in dermatoglyphic
traits is purely genetic in origin or caused
by prenatal differences in sex steroid hor-
mone levels, or some other mechanism
mentioned by Arnold (2014), or a com-
bination of different mechanisms. In any
case, however, associations have been
found between sexual dimorphism of
dermatoglyphic traits and certain types
of sexually dimorphic behavior.

Some studies tried to find direct rela-
tionships between dermatoglyphics and
a “sexually typical behavior” that can be
predisposed by a prenatal setting, in par-
ticular, if dermatoglyphic features or val-

ues non-typical for a given sex are found
in subjects with a sexually non-typical
behavior (Cohen-Bendahan et al. 2005).
There are no clear empirical results for
relationship between prenatal testoster-
one levels and right/left side asymmetry
in dermatoglyphic features and prena-
tal testosterone. Females have usually
more symmetrical patterns than males.
In homosexual males (Hall and Kimura
1994) more symmetrical or even left-
ward asymmetrical (i.e., more feminine)
ridge counts were found but another in-
dependent study (Mustanski et al. 2002)
did not confirm the result and neither
did the study of homosexual transsexuals
(Slabbekoorn et al. 2000). Another study
of transsexuals (Green and Young 2000)
found higher frequency of leftward asym-
metry in male homosexual transsexuals
than in control heterosexual males and
heterosexual transsexuals which is in
congruence with the expectation, but
they reported no differences between
male and female controls in directional
asymmetry in the ridge count which is
not in congruence with the expectation.
In female monozygotic twin pairs dis-
cordant in sexual orientation (Hall 2000),
lower (i.e., more feminine) ridge count
was found in lesbians than in their het-
erosexual twins which is, however, not in
congruence with supposed role of testos-
terone in sexual orientation. Addition-
ally, females with leftward ridge count
bilateral asymmetry (more typical for fe-
males than males) reached better results
in language cognitive tasks (perception,
fluency), while females with rightward
ridge count asymmetry (more typical for
males than females) were better in space
orientation and mathematical skills that
are usually on average better handled by
males (Kimura and Carson 1995; Kimu-
ra and Clarke 2001).
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To sum up, some relationships between
dermatoglyphic variations and sex devel-
opment have been found (Schwidetzky and
Jantz 1977; 1979; Krélik et al. 2019), how-
ever, empirical evidence linking dermato-
glyphics to sexuality other than sexual
identity and sexual orientation is scarce.
One cause might be an inappropriate
methodological nature of dermatoglyphic
variables used. So far distinguished, de-
fined and studied dermatoglyphic features
(ridge count, right/left directional asym-
metry) might not be sufficiently sensi-
tive to hormonal action in utero. On the
contrary, within-individual gradients in
dermatoglyphic features (e.g., between fin-
gers) might be crucial for studies of prena-
tal factors, analogically to the 2D:4D ratio
(Manning 2002). According to one piece of
supporting evidence (Kralik et al. 2019b),
sex differences in proportions of derma-
toglyphic whorl patterns increases signif-
icantly from radial to ulnar fingers, i.e.,
from the thumb to the little finger. It in-
dicates that sexes differ in dermatoglyphic
development mostly in the ulnar side of
the hand. Although not abundantly stud-
ied, radioulnar variations might be sensi-
tive both to internal (genetic) and external
(environmental) disturbances of develop-
mental processes. Radio-ulnar asymmetry
within fingers reflects the number of sex
chromosomes in the karyotype (Jantz and
Hunt 1986) and differences between radial
and ulnar fingers, e.g., differences between
ridge counts on the 1°* and the 5% finger,
are sensitive to seasonal variations during
dermatoglyphic development (Kahn et al.
2001; 2008; 2009).

Recent studies (Polcerova et al. 2022a;
2022b; Polcerovi et al. 2023) have found
that several radioulnar contrasts (nu-
merically: differences between two ridge
counts) on the right hand, involving the
radial ridge count on the 2™ finger, were

dimorphic in the same sense in all 21
study populations examined. This may
indicate that these contrasts are tar-
geted by prenatal sex differentiation fac-
tors common to all human populations
and could therefore be used as prenatal
markers of sexual differentiation, as the
2D:4D ratio is used.

Aims of the study

To our present knowledge, there are no
studies on the relationship between
dermatoglyphics and sociosexuality. The
aim of the study was to describe (innate)
sex differences in dermatoglyphic radi-
oulnar patterns on fingers and to find out
whether human sociosexuality, as meas-
ured by sociosexual orientation inven-
tory (SOI), is related to dermatoglyphics
as putative markers of prenatal sexual de-
velopment. Based on previous studies we
hypothesize that radio-ulnar contrasts in
dermatoglyphic features will be related to
variations in sociosexuality.

Materials and methods

Studied subjects
The studied sample represents 180
young adult people (mean age 23.3 years,
range from 18 to 35 years), 87 fe-
males (mean age 23.9 years) and 93 males
(mean age 22.7 years). The subjects were
mostly recruited from students of sec-
ondary schools and universities in Brno,
Czech Republic. The data were collect-
ed within the frame of a project which
was approved in advance by the Ethical
Committee for Research of our universi-
ty (protocols: EKV-2017-052 and another
one with approval letter) and all subjects
signed informed consent with their par-
ticipation in the study. A preliminary
version of this analysis was part of the
first author’s (PI.) defended dissertation.
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Sociosexual Orientation Inventory
Sociosexuality was recorded using local
language version of seven-items Sociosex-
ual Orientation Inventory — SOI (Simpson
and Gangestad 1991). The inventory is
a self-reporting questionnaire composed
of seven items. The first three items (1-3)
reflect real or perceived sociosexual behav-
ior (number of sex partners over the last 12
months, number of supposed sex partners
in the future 5 years, and number of “one-
night stands” ever) and the answers are
open. Item 4 (frequency of imagination hav-
ing sex with someone else than the current
partner) intended to reflect a hidden socio-
sexual desire and it is rated on an 8-point
ascending heterogeneous scale, from 1
(never) to 8 (at least once a day). Items
5-7 reflect sociosexual attitudes towards
casual sex (of the respondent-self and other
people/in general; all three are similar but
item 7 is formulated with reverse mean-
ing from the remaining two items) and
are rated on a 9-point Likert scale from 1
(strongly disagree) to 9 (strongly agree).
From the answers to these 7 items, the

BfD
R-U trends

LS R
left hand

DA
right - left
asymmetry

sociosexuality score (SOI) is calculated ac-
cording to the formula SOI = (5 X item 1)
+ (1 xXitem2) + (5 X item 3) + (4 X item 4)
+ [2 X (aggregate of items 5, 6 and reverse
values of item 7)|. Despite fact that the
final SOI score represents discrete values
the scale usually represents relatively wide
range of values from a methodological-
ly given lower border to a variable upper
tail. Technical Note: In the original publi-
cation of SOI method (Simpson and Gan-
gestad 1991) the principle of combination
of the last three items of the inventory is
described by the term “aggregate”. In our
opinion, this means “sum”, in fact. How-
ever, in many studies after the original one,
other authors used a procedure of averaging
(in fact the arithmetic mean). This is prob-
ably true also for the comparative study
of many human populations by Schmitt
(2005) which involves the only available
comparative data on SOI for Czech and
Slovak populations known to us. This was
the reason we also computed the combi-
nation of the last component (attitudes) of
the SOI scores as the mean and not a sum.

BfD
R-U trends

R |2V ™
right hand

Fig. 1. Studied variables. Schematic illustration of studied positions and ridge-count variables on the hu-
man hands: right (R2 — R5) and left (L2 — L5) hand fingers, RCr (radial ridge count) and RCu (ulnar ridge
count) on each finger, WID (within-finger difference) on each finger, BfDs (between finger differences
from 2 minus 3 to 4 minus 5) on each hand, and DA (directional asymmetry, right minus left) for RCr
and RCu on each finger. The diagram of the hands corresponds to the position of how the handprints
look when both hands are printed on paper at the same time in the traditional way, or how we see our
own hands from the dorsal side when we scan them on a desktop scanner
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Dermatoglyphics
The human hands were scanned by
means of 2D flatbed scanner (one type
for the whole sample) into color TIFF
images using a method adopted for pub-
lished studies (Kralik et al. 2014; 2019a).
Since thumbs were recorded from the ra-
dial side on scans and their ulnar sides
were mostly not available, we studied
dermatoglyphic variations in the four
fingers only (24 to 5% finger).

We applied standard dermatoglyphic
methodology (Cummins and Midlo
1961) as implemented in open source
software Dermatoglyphix (Kralik et al.
2017). On fingers, all dermatoglyphic
points (cores and triradii) were identified
according to the methodology standard-
ized by Cummins and Midlo (1961) and
subsequent variables for each fingerprint
were recorded (see Figure 1 for ridge-
count variables).

Number of triradii (nT)
Number of triradii representing in raw
form a counting variable ranging from 0
to 2 (Supplementary materials Table S1)
were analyzed in the form of two cate-
gories (nT): 1 — patterns with 1 or no
triradius, 2 — patterns with 2 or more
triradii. In the sense of traditional pat-
tern classification, category 1 represents
loops, tented arches and arches, i.e., less
complicated configurations of ridges,
while category 2 represents all whorls
and composites (eventually complicated
accidentals), i.e., more complex patterns.

Number of cores (nC)
Number of cores representing in raw
form a counting variable ranging from
0 to 2 were analyzed in the form of two
categories (nC): 1 — patterns with 1 or no
core, 2 — patterns with 2 or more cores.
In the sense of traditional pattern clas-

sification, category 1 represents no-core
or simple core patterns (arches, tented
arches, loops, simple whorls and cen-
tral pockets), while category 2 represents
double whorl patters (lateral pockets and
twin-loops, eventually complicated acci-
dentals with more cores). The variable
hence represents a measure of complex-
ity in the center of the pattern.

Radial ridge count (RCr)

Radial ridge count (RCr) was recorded
as counted variable: count of ridges be-
tween the radial triradius and core, if
both present. If a pattern had no core or
triradius RCr was zero (0), if number of
cores was higher than 1, the radial core
(closer to radial triradius) was taken.
When counting ridges, endpoints (point
of core and point of triradius) were
not counted following methodology by
Holt (1951; 1961; 1979).

Ulnar ridge count (RCu)

Ulnar ridge count (RCu) was record-
ed as counted variable: count of ridges
between the ulnar triradius and core, if
both present. If a pattern had no core or
triradius RCu was zero (0), if number of
cores was higher than 1, the ulnar core
(closer to ulnar triradius) was taken. For
this and other ridge counts applied that
when counting ridges, endpoints (point
of core and point of triradius) were not
counted.

Radio-ulnar difference within fingers
(WfD)
Radio-ulnar difference of ridge counts
within each fingerprint (WfD) was es-
tablished as a difference between radial
(RCr) and ulnar (RCu) ridge count (radi-
al minus ulnar) on each finger. For both
hands eight variables were computed,
from L2.WID for the left 2™ finger to
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R5.WID for the right 5" finger similar-
ly to the approach applied in Polcerova
et al. (2022a).

Radio-ulnar difference between fingers
(BfD)

Radio-ulnar difference in ridge counts
between fingers (BfD) was computed
as a difference between ridge counts on
a radial and an ulnar (radial minus ulnar)
finger. In each body side (hand), this was
computed for each type of ridge count
(RCr, RCu) and each pair of fingers (BfDr,
BfDu).

Directional asymmetry between
respective fingers
Body side asymmetry (DA) was com-
puted as right-left difference (right minus
left) in each type of ridge count (DAr for
RCr, DAu for RCu) between respective
fingers on right and left hand.

Statistical procedures

All computations with data and statis-
tical methods were performed in the
R software (R Core Team 2019). De-
scriptive statistics were computed for
each recorded variable. Sex differences
in frequencies of triradii (nT) and cores
(nC) were tested by means of Pearson’s
Chi-squared test with Yates’ continu-
ity correction. Sex differences in ridge
counts (including derived variables)
and SOI scores were assessed by means
of two sample permutation test (with
100,000 permutes) in the R-package
EnvStats (Millard 2013). The signif-
icance of directional asymmetry was
tested by means of one sample permu-
tation test (with 100,000 permutes) of
mean DA value against zero (0).

Dermatoglyphic variables were used
as independent variables (categorical or
continuous factors) and SOI scores as

dependent variables (effects) and we test-
ed how SOI scores change in relation to
dermatoglyphic variables. To test the ef-
fects of categorial variables (nT, nC) on
SOI scores we applied two-way nonpar-
ametric analysis of variance (so called
“robust analysis of variance”, RAOV) was
applied where obligate Euclidean distance
(usual in parametric ANOVA) is replaced
by a distance called Jaeckel’s (1972) dis-
persion function based on a rank estima-
tion (Hocking 2003; Hettmansperger and
McKean 2011). This method is available
for practical usage in the R-package Rfit
(Kloke and McKean 2012).

For statistical assessment of effect
of ridge counts (RCr, RCu), and varia-
bles derived from them (WID, BfD, DA)
to SOI we used the same statistical ap-
proach. Values of each ridge count vari-
able were divided into two categories
(lower, higher) with approximately same
sample sizes and the effect of the catego-
ries (along sex category and interaction
term) was tested by means of the RAOV.
In visualization plots, mean values were
estimated as Huber M-estimator with
Wald-type confidence intervals and they
were computed in R-package rcompanion
(Mangiafico 2015).

Results

Sociosexuality Orientation Inventory
Mean SOI score values were 29.3
(SD = 178, N = 69) and 46.3
(SD = 23.8, N = 62]) for females and
males, respectively. The sex difference
was highly statistically significant (two
sample permutation test: p-value = 0).
Distribution of the values of the SOI
scores was not normal in either males or
females. For all subsequent tests we used
SOI transformed into a form of its natu-
ral logarithm (logSOI).
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Table 1. Frequencies of nT and nC for each finger and sex separately. Legend: ratio — ratio between count

of category 2 and 1 reflecting a proportion of more complex patterns, Chi.sq. — value of Chi-square sta-

tistics (degrees of freedom were always equal to 1), p-value - significance of the Chi-square test of the

proportion between the frequencies in males and females (two sided hypotheses)

nT nC
Finger Males Females Chi- p-val- Males Females Chi- p-val-
1 2 ratio 1 2 ratio S& 1 2 ratio 1 2 ratio S4 ue
L2 47 15 032 44 22 0.50 0.893 0.34 56 6 0.11 58 8 0.14 0.025 0.87
L3 47 15 032 58 11 0.19 0927 0.34 52 10 0.19 61 8 0.13 0.249 0.62
L4 44 18 041 47 21 045 0.001 097 59 3 005 61 7 0.11 0.700 0.40
L5 55 7 013 59 8 0.14 0.000 100 59 3 005 64 3 0.05 0.000 1.00
R2 41 20 0.49 46 20 043 0.012 091 56 5 009 59 7 0.12 0.026 0.87
R3 50 12 0.24 58 10 0.17 0223 064 58 4 007 65 3 0.05 0.016 0.90
R4 30 32 1.07 37 31 084 0261 061 59 3 005 64 4 0.06 0.000 1.00
R5 46 15 033 58 8 0.14 2536 0.11 55 6 011 65 1 0.02 2768 0.10

Descriptive statistics and sex
differences

Frequencies of nT and nC are available
in the Table 1, including results of tests
for differences between frequencies in
males and females. Sexes did not statis-
tically differ in frequencies of nT and nC

(except of borderline significance in nC
of R5), however values of ratio between
number of cases with complicated pat-
terns (nT=2) and more simple patterns
(nT=1) were always higher in males
than in females in each right-hand finger
(but not in the left-hand fingers). This
was not found for nC.

Table 2. Descriptive statistics and sex differences in ridge counts. Descriptive parameters and tests of sex

differences of ridge count variables (RCr, RCu) and within-finger ridge count differences (W{D) for each

finger and sex separately; N — number of cases, Mean — arithmetic mean, SD - standard deviation, Min

— minimum, Max — maximum, Med — median, Q05 — 5% quantile, Q95 — 95% quantile each finger and

sex separately; ratio — ratio between count of category 2 and 1 reflecting a proportion of more complex

patterns, Chi.sq. — value of Chi-square statistics (degrees of freedom were always equal to 1), p-value

— significance of the Chi-square test of the proportion between the frequencies in males and females

(two sided hypotheses)

Females Males
Finger N Mean SD Min Max Med Q05 Q95 N Mean SD Min Max Med Q05 Q95 gffxf p'l‘l’zl'
RCr
L2 91 716 656 0 20 6 O 18591 831 728 0 22 8 0 19 1.14 027
L3 811062687 0 24 13 0 20 891222582 0 24 13 0 20 1.61 0.10
L4 621335735 0 27 14 0 24 841589579 0 27 17 4 24 254 0.02
L5 711159 587 0 22 12 2.5 205 7813.35 4.83 0 24 14 585 21.2 1.75 0.05
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Females Males
Finger N Mean SD Min Max Med Q05 Q95 N Mean SD Min Max Med Q05 Q95 ]s;fxf p'l‘l’:l'
RCr
R2 99 7.25 637 0 20 8 0 18 92 592 656 0 21 3 0 17.5-1.33 0.16
R3 921154 587 0 24 12 20.5 901140 6.0 0 24 13 0 20.6 -0.14 0.88
R4 691439 700 0 26 16 23 801536 6.04 0 25 175 2 23 097 0.37
R5 731241 558 1 23 13 3.6 204 7913.11 443 3 22 14 6 20.1 0.70 0.39
RCu
12 91 629 791 0 26 2 0 21 91 6.78 833 0 30 2 0 21 0.49 0.69
L3 81 248 591 0 27 O 0 17 89 251 566 0 23 O 0 15.6 0.02 0.98
L4 62 402 657 0 22 O 0 179 83 347 586 0 22 O 0 16.9 -0.55 0.61
L5 70 0.76 262 0 13 O 0 62 78 063 234 0 13 O 0 5.45-0.13 0.77
R2 99 583 827 0 25 O 0 21 92 878 864 0 25 8 0 23.5 2.95 0.02
R3 92 2.10 603 0 27 O 0 18560 240 598 0 23 O 0 18.6 0.30 0.74
R4 69 443 644 0 24 O 0 16.6 80 6.04 0.00 0 24 1 0 17.1 1.60 0.15
R5 72 0.86 283 0 15 O 0 84579 1.89 420 0 16 O 0 12 1.02 0.08
WiD
L2 91 0.88 987 -24 19 0 -18 15 91 1.53 9.64 -24 22 0 -18 17 0.65 0.66
L3 81 8.14 7.43 -11 21 -3 18 89 9.72 692 -11 24 12 -3 17.6 1.58 0.15
14 62 934 7.12 -2 24 95 -1 21 8312.45 6.81 -10 27 14 1 23.7 3.11 0.009
L5 7010.73 520 0 20 11 2.45 19 78 12.72 494 -3 23 13.5 4.85 20.2 1.99 0.02
R2 99 142 936 -25 19 0 -15 16 92 -2.86 9.39 -25 19 -1.5 -19 13.5 -4.280.002
R3 92 945 6.43 22 12 -1.5 17 90 9.00 696 -5 21 10.5 -1.6 19 -0.45 0.66
R4 69 9.96 7.10 26 9 0 22.6 80 9.33 7.01 -10 23 8 0 21 -0.63 0.59
R5 721150 546 -1 23 11.5 2.55 195791123 492 1 22 11 2.9 20.1 -0.27 0.75

Descriptive statistics of ridge counts
(Table 2) showed systematically higher
values of RCr in males on the left hand
and the difference was significant on
the L4 an L5. On the right hand the sex
differences were neither systematic nor
significant. On the contrary, mean val-
ues of RCu were systematically higher
in males on the right hand and the dif-
ference was significant on the R2. On
the left hand the sex differences were
neither systematic nor significant. On
the left hand, WD mean values were

always higher in males than in females,
while on the right hand, they were al-
ways higher in females. The sex differ-
ence in WID was highest on L4 (higher
in males) and R2 (higher in females) and
significant on fourth and fifth finger of
the left hand (L4, L5) and the second fin-
ger of the right hand (R2). No significant
sex differences were found for BfD (Ta-
ble 3), except for borderline significance
for BIfDr of R2-R4 and R2-R5 difference
(higher in females) and for BfDu of R2-
R3 (higher in males).
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Table 3. Descriptive statistics and tests of sex differences in BfD. Descriptive parameters of between-finger

ridge count differences (BfD) for each finger and sex separately; for legend see Table 2

Females Males
Delrflfceg N Mean SD Min Max Med Q05 Q95 N Mean SD Min Max Med Q05 Q95 ]S)eé‘f pf
BfDr
L2-L3 70 -2.93625 -20 12 -2 -13 5 82 -4267.17 -23 13 -3 -16 4.95 -1.33 0.23
L2-L4 55 -5.64 698 -26 12 -4 -19 2.3 79 -7.677.72 -27 15 -6 -21.1 2.1 -2.03 0.12
L2-L5 63 -4.37599 -21 10 -4 -149 3.9 73 -4.967.42 -18 12 -5 -16.4 54 -0.59 0.61
L3-L4 58 -3.345.48 -18 13 -2 -13.33.15 77 -4.325.09 -19 9 -4 -132 3 -0.98 0.29
L3-L5 58-1.645.67 -20 8 -05-125 6 70 -043576-21 15 0 -9 8 121 024
L4-L5 58 1.72 4.73 -15 12 2.5 -5.158.15 69 3.16 5.05 -13 14 3 -6.6 10 1.44 0.11
R2-R3 80 -4.03 5.65 -18 -3 -14.1 405 82 -5.797.90 -24 15 -3 -189 3 -1.77 0.11
R2-R4 67 -7.52 7.00 -25 7 21 1.7 73-974735-25 2 -8 21 0 -2.22 0.07
R2-R5 67 -4.816.15 -21 10 -5 -154 4 68 -6.876.29 -19 7 -7.5-16.7 2 -2.06 0.06
R3-R4 64-3235.12 20 8 -3 -11.93.85 78 -4.76591 -23 8 -4 -13.8 4.15 -1.52 0.11
R3-R5 62-1.18551 -16 9 -1 -129 6 73 -1.41623 -22 8 0 -13.4 54 -0.23 0.83
R4-R5 58 2.03 501 -13 16 2 -43 945 69 242 515 -11 13 3 -6 11 0.39 0.67
BfDu
L2-13 70 3.50 7.37 -11 24 0 -4.55 18 82 3.88 8.39 -20 26 O -5.9 18.95 0.38 0.77
L2-L4 55 1.89 7.75 -16 19 0 -10.8 15.6 78 3.35 8.54 -15 24 1 -11.2 19 1.46 0.32
L2-15 62 479645 0 20 05 O 17 73 621796 -3 30 3 0 19 1.42 027
L3-14 58-1.706.44 22 18 0 -15 6.15 76 -1.706.29 -17 23 0 -11.3 7.25 0.00 1.00
L3-L5 57 1.56 5.11 -10 18 0 -4 12.8 70 1.23 530 -11 23 0 -4.1 13.1 -0.33 0.74
L4-L5 57 2.84 497 4 16 0 0 12.6 68 272515 -5 18 0 0 14.65-0.12 0.90
R2-R3 80 4.14 7.84 -17 23 0 -2 20 82 6.37 7.97 -13 23 2.5 -0.9519.95 2.23 0.07
R2-R4 67 0.90 6.86 -17 21 0 -9.4 11.7 73 1.67 9.02 -24 24 0 -11.4 164 0.78 0.57
R2-R5 66 5.358.10-15 21 0 O 20 68 691778 -9 24 35 0 20 1.56 0.26
R3-R4 64 -3.176.43 -17 22 0 -149 0 78 -4.456.83 -20 12 0 -16.2 3.15 -1.28 0.26
R3-R5 61 1.21 583 -10 23 0 -1 16 73 0.81 5.84 -13 23 0 -8.6 12.8 -0.40 0.70
R4-R5 58 400572 0 20 O O 151569 532653 0 24 2 0 166 1.32 0.23

In females, directional asymmetry (Ta-
ble 4) of RCr (DAr) was on average posi-
tive (higher values on the right hand) on
all fingers but the differences did not sig-
nificantly differ from zero (except for bor-
derline significance for R4-L4), while in
males it was on average negative (higher
values on the left hand) in all fingers and
the differences were significant on the sec-
ond fingers (R2-L2). In females, direction-

al asymmetry of RCu (DAu) significantly
differed from zero only on the third fingers
(R3-L3), while in males the third finger
was almost symmetrical but not on the
remaining fingers where the DAu differed
from zero (significant for R2-L2 and R4-
L4 and borderline significant for R5-L5).
Sex differences in DAr were negative (i.e.,
lower — leftward dominated RCr - in males
than in females) for all four fingers, while
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sex differences in DAu were positive (i.e.,
higher - rightward dominated RCu - in
males than in females) in all fingers, and
these sex differences were mostly statisti-

cally significant, except for the non-signif-
icant results for the third fingers (R3-L3)
and marginal result of DAu in the fifth
finger (R5-L5).

Table 4. Descriptive statistics and sex differences in DA. Descriptive parameters and tests of sex differences

in directional asymmetry in ridge counts (DA, DAu) for each finger and sex separately; DA p-value

- significance of the one sample permutation test between mean value of DA and zero (two-sided hy-

pothesis); for legend see Table 2

Females Males
Differ- DA DA Sex p-val-
N Mean SD Min Max Med Q05 Q95 p-val- N Mean SD Min Max Med Q05 Q95 :
ence e p-value Diff ue
DAr
R2-L2 83 0.22 552 -12 19 0 -88 99 0.74 82 -2.187.64 -20 19 -1 -16 12 0.012 -2.400.023
R3-L3 74 0.32 4.67 -12 14 0 -7.35 7 0.57 82 -0.99547 -19 13 0 -10 5 0.11 -1.31 0.11
R4-L4 56 0.95 3.89 -10 14 1.5 -6 6 0.08 70 -0.67 488 -18 7 0 -9.55 555 0.27 -1.620.048
R5-L5 53 0.64 3.05 -8 10 1 -34 4.8 0.14 68 -0.663.28 -11 7 -05 -5 4.65 0.11 -1.300.028
DAu
R2-L2 83 -0.346.73 -20 21 0 -12.8 11.8 0.66 82 2.43 7.27 -19 20 O -6 15.95 0.0034 2.76 0.012
R3-L3 74 -1.27 538 -22 17 0 -12.7 0 0.047 82 0.01 6.27 -23 23 0 -79512.7 1.00 1.28 0.18
R4-L4 56 0.68 5.12 -15 15 0 -7.5 9.25 0.34 69 2.88 6.22 -10 17 0O -7 15.6 0.00021 2.21 0.036
R5-L5 52 -0.19235 -9 10 0 -2.9 045 0.62 68 0.79 329 -8 13 O -1 9 0.051 0.99 0.07
L2: nT vs SOI L2: nC vs SOI L4: nC vs SOI
5- 5- 5-
[ ] (1) -
rY
4- 4- ! 4-
_ sex 5 Wb sex 5 - sex
o *
7] 7}
2 B ¢ = B« 2 . ==
-] E m L l E m 2 E m
37 aly 3 37
2 1 | 27 ' 2z ' '
1 2 1 il 2
nT nC nC

Fig. 2. Significant effects of numbers of triradii and cores. Box-plot visualization of significant effects of nT

(number of triradii category) and nC (number of cores category) on logSOI in L2 and L4 fingers; log

SOI - natural logarithm of SOI score, 1 — lower number of triradii or cores category, 2 — higher number
of triradii or cores category, f — females (red dots), m — males (blue triangles), thick horizontal — median,
boxes — lower and upper quartiles, whiskers — non outlier ranges
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Relationships between SOI and
numbers of triradii and cores

Robust analysis of variance found some
significant effects of sex and nT and nC
on sociosexuality variables (Table 5).
When testing the effect of sex and nT on
SOI, the effect of sex was always highly
significant, which indicates system-
atic differences in SOI between sexes.
No effects of nT were recorded in any
of the fingers but significant interac-

tion between sex and nT was found in
the L2 (Figure 2). While in bearers of
lower number of triradii on the L2 finger
(nT=1) clear sex difference in SOI was
evident, in bearers of higher number of
triradii (nT=2) on L2 average sex differ-
ence was not expressed — males had on
average lower SOI than those with lower
number of triradii, while females had
higher mean SOI than those with lower
nT. Such effects were not found on the
right hand.

Table 5. Results of the Robust Analysis of Variance (RAOV) for the effect of number of triradii and cores on
SOL. Tests of effects of nT (nC) and sex to SOI, including interaction of both factors (nT : sex, and nC

: sex); Mean RD — mean reduction in residual dispersion

nT sex nT : sex
Finger I\/Il{e[a)n F-value p-value NII{eSn F-value p-value I\;egn F-value p-value
L2 0.0674 0.313 0.6 3.6054 16.728 0.0001 2.2269 10.332 0.0017
L3 0.0049  0.020 0.9 3.9575 15.732 0.0001 0.2793 1.110 0.3
14 0.0260 0.103 0.7 6.0322 23.905 0.00001 0.0482 0.191 0.7
L5 0.1211 0.494 0.5 2.8935 11.815 0.0008 0.0288 0.118 0.7
R2 0.3237 1.330 0.3 6.2225 25.568 0.00001 0.1727 0.710 0.4
R3 0.6591 2.818 0.1 3.5278 15.084 0.0002 0.3102 1.326 0.3
R4 0.0300 0.117 0.7 7.9123 30.842 0.00001 0.1156  0.451 0.5
R5 0.1252 0.470 0.5 4.1274 15.490 0.0001 0.0025 0.009 0.9
nC sex nC : sex
Finger I\/Il{e[a)n F-value p-value NIlfSn F-value p-value N}[T{egn F-value p-value
L2 0.0011  0.004 0.9 0.8397 3.530 0.06 1.4770 6.209 0.014
L3 0.0824 0.335 0.6 2.9651 12.040 0.001 0.1735 0.704 0.4
14 0.1559 0.679 0.4 0.3935 1.713 0.2 1.4117 6.146 0.014
L5 0.1230 0.493 0.5 0.5452 2.184 0.1 0.3469 1.389 0.2
R2 0.1324 0.546 0.5 2.2843 9.413 0.003 0.0607 0.250 0.6
R3 0.4897  1.967 0.2 1.4380 5.777 0.018 0.0155 0.062 0.8
R4 0.0078 0.033 0.9 0.4571 1.902 0.2 0.7521  3.130 0.1
R5 0.1801 0.717 0.4 0.8873 3.531 0.06 0.0025 0.010 0.9

Similar results were found for nC.
No simple effect of nC was found in
any of the fingers, however, in L2 and

L4 significant interactions of nC with
sex were found, similar to the nT de-
scribed above. While in cases with
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more obvious patterns — those with number of cores (nC=2) sex difference
lower number of cores (nC=1) — av- in SOI was blurred (females have high-
erage sex difference in SOI was clear- er SOI and males lower than those typ-
ly evident, in the group with higher ical for a given sex).

Table 6. Results of the Robust Analysis of Variance (RAOV) for the effect of ridge count on SOI. Tests of
effects of ridge count variables (RCr, RCu, and WD) to SOI, including interactions of dermatoglyphic
variables with sex; Mean RD — mean reduction in residual dispersion

RCr sex RCr : sex
. Mean Mean Mean
Finger RD F-value p-value RD F-value p-value RD F-value p-value
L2 0.0354 0.148 0.70 8.3741 35.037 0.00001 0.6002 2.511 0.12
L3 0.0002 0.001 0.98 45894 17.689 0.0001 0.3838 1.479 0.23
L4 0.7573 3.147 0.08 45125 18.753 0.0001 0.4974  2.067 0.16
L5 0.0146 0.058 0.81 4.1555 16.498 0.0001 0.3065 1.217 0.27
R2 0.7108 3.055 0.08 8.3507 35.889 0.00001 0.9374  4.029 0.048
R3 0.0532 0.199 0.66 45665 17.107 0.0001 0.5787 2.168 0.14
R4 0.0176 0.068 0.80 4.3293 16.763 0.0001 0.1725 0.668 0.42
R5 0.0075 0.031 0.86 4.4246 18.040 0.0001 0.2078 0.847 0.36
RCu sex RCru : sex
. Mean Mean Mean
Finger RD F-value p-value RD F-value p-value RD F-value p-value
L2 0.0435 0.202 0.65 7.5957 35.309 0.00001 1.0380 4.825 0.031
L3 0.0972 0.372 0.54 3.0799 11.784 0.001 0.0227  0.087 0.77
L4 0.0540 0.215 0.64 3.6591 14.586 0.0003 0.0534 0.213 0.65
L5 0.0192 0.079 0.78 1.7089 7.043 0.01 0.3238 1.334 0.25
R2 0.0186 0.084 0.77 7.7769 34.884 0.00001 0.2853 1.280 0.26
R3 0.3725 1.363 0.25 1.9502 7.134 0.0091 0.0001  0.000 0.99
R4 0.1306 0.522 0.47 5.1347 20.545 0.00001 0.6090 2.437 0.12
R5 0.0000 0.000 1.00 1.0912  4.507 0.038 0.0014  0.006 0.94
WiD sex WID : sex
. Mean Mean Mean
Finger RD F-value p-value RD F-value p-value RD F-value p-value
L2 0.1147 0.543 0.46 8.5122 40.316 0.00001 1.1944 5.657 0.019
L3 0.0136 0.051 0.82 4.2212 15.735 0.0002 0.2777 1.035 0.31
L4 0.6735 3.021 0.09 3.8188 17.133 0.0001 0.7448  3.342 0.07
L5 0.0760 0.290 0.59 4.2065 16.039 0.0002 0.1904 0.726 0.40
R2 0.1215 0.525 0.47 8.0434 34.759 0.00001 0.6001 2.593 0.11
R3 0.0707 0.273 0.60 4.0687 15.732 0.0002 1.0722 4.146 0.045
R4 0.5411 2.124 0.15 4.2232 16.575 0.0001 0.0162 0.064 0.80

R5 0.0803  0.340 0.56 4.7632 20.174 0.00001 0.2057  0.871 0.35
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Fig. 3. Significant effects of ridge counts. Plots of effects of RCr, RCu, and WD categories on logSOI in

the second finger (L2 and R2); first three left columns: Huber mean estimates (females — red dots,

males — blue squares) augmented with Wald type 95% confidence intervals, a — lower values cate-

gory, b — higher values category; right column: identical data in raw values of WID for a comparison

(females — red dots, males — blue triangles, lines — ordinary linear least squares regression models,

shadow zones — 95% confidence intervals), asterisks — significant interaction between sex and der-

matoglyphic variable

Relationships between SOI
and ridge counts and within-finger
differences in ridge counts
In all tests (Table 6), sex again revealed sig-
nificant effect on SOI while RCr revealed
only borderline effect on L4 (p-value
=0.08). However, significant interaction
between sex and RCr was found for R2 -
the higher was RCr, the higher was SOI
difference between sexes. Similarly, sig-

nificant interaction between sex and RCu
was found on L2 for RCu. As can be seen
in Figure 3, in both hands, effects of RCu
and RCr are similar, but opposite in their
direction, which, in connection of both,
creates a radioulnar continuum. This
is well expressed in WD variables and
more visible on several fingers and signif-
icant interactions between WD and sex
was found both on L2 and R2.
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Relationships between SOI and
between-finger differences in ridge
counts
None of the tested relationships between
RCr BfDs and SOI was statistically signif-
icant (Table 7), except for borderline sig-
nificance — p-value=0.0951 - of the inter-
action of both factors (sex : BfD) in L3-L4

difference. In RCu BID, significant inter-
actions of factors (sex : BfD) on SOI were
found in L2-L4 and R3-R4 differences (Fig-
ure 4). Similarly, to the WIDs, the higher
was the between-finger differences in RCu
on the above-mentioned pairs of fingers,
the less typical (lower in males and higher
in females) the SOI was (Figure 4).

Table 7. Results of the Robust Analysis of Variance (RAOV) for the effect of BfDs on SOI. Tests of effects
of between-finger RC differences (BfDr and BfDu) to SOI, including interactions of dermatoglyphic

variables with sex; Mean RD — mean reduction in residual dispersion; NA - not available (numerical

condition not met)

BfDr sex BfDr : sex
Difference NIIS;H F-value p-value I\;%n F-value p-value MRelgn F-value p-value
L2-L3 0.0358 0.1381 0.7114 49372 19.0572 0.00001 0.0000 0.0000 1.0000
L2-L4 0.0000 0.0000 1.0000 3.0192 12.3281 0.0009 0.0069 0.0283 0.8671
L2-L5 0.1149 0.4624 0.4993 5.0780 20.4311 0.00001 0.0549 0.2208 0.6403
L3-L4 0.0721 0.2536 0.6166 3.6202 12.7266 0.0008 0.8213 2.8874 0.0951
L3-L5 0.1625 0.6994 0.4073 3.9136 16.8401 0.0002 0.4473 1.9249 0.1720
L4-L5 0.5128 2.6216 0.1124 5.0871 26.0088 0.00001 0.0025 0.0125 0.9114
R2-R3 0.0125 0.0486 0.8262 5.5452 21.5011 0.00001 0.2177 0.8442 0.3613
R2-R4 0.0032 0.0129 0.9101 4.1369 16.6641 0.0001 0.4128 1.6628 0.2023
R2-R5 0.4118 1.8841 0.1757 3.6669 16.7793 0.0001 0.1330 0.6086 0.4388
R3-R4 0.1871 0.6760 0.4143 2.8806 10.4054 0.0021 0.0016 0.0058 0.9397
R3-R5 0.2286 0.9324 0.3390 2.8953 11.8087 0.0012 0.0003 0.0011 0.9736
R4-R5 0.0769 0.4116 0.5242 5.6775 30.3920 0.00001 0.2436 1.3040 0.2591
BfDu sex BfDu : sex
Difference 1\/}1{%11 F-value p-value NI[;;;H F-value p-value N}[S;n F-value p-value
L2-1.3 0.1018 0.4082 0.5251 4.6857 18.7803 0.0001 0.3351 1.3432 0.2506
L2-14 0.6057 2.6901 0.1067 3.9779 17.6682 0.0001 1.7632 7.8316 0.0071
L2-15 0.0069 0.0305 0.8621 5.2166 23.0112 0.00001 0.6944 3.0632 0.0856
L3-14 0.0990 0.3856 0.5373 2.2959 8.9400 0.0042 0.0231 0.0898 0.7656
L3-L5 0.4797 1.9548 0.1688 1.1382 4.6382 0.0365 0.0868 0.3537 0.5549
L4-L5 0.0188 0.0766 0.7832 4.8364 19.6977 0.0001 0.2972 1.2105 0.2771
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Table 7 (cont.)

BfDu sex BfDu : sex
. Mean Mean Mean
Difference RD F-value p-value RD F-value p-value RD F-value p-value
R2-R3 0.0159 0.0654 0.7990 49122 20.2178 0.00001 0.0185 0.0763 0.7832
R2-R4 0.5835 2.3458 0.1310 3.9917 16.0473 0.0002 0.0105 0.0422 0.8380
R2-R5 0.1366 0.6327 0.4299 5.7145 26.4600 0.00001 0.1119 0.5180 0.4749
R3-R4 0.0141 0.0525 0.8196 3.4616 12.9299 0.0007 1.1326 4.2306 0.0442
R3-R5 NA NA NA NA NA NA NA NA NA
R4-R5 0.0107 0.0494 0.8250 6.0558 28.0016 0.00001 0.4206 1.9448 0.1696
L3-L4: BfDr vs SOI L2-L4: BfDu vs SOI*
40 + 4.01 +
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Fig. 4. Significant effects between fingers. Plots of effects of BfD (between-finger differences in ridge count)
categories on logSOI the specified finger pair; Huber mean estimates (females — red dots, males — blue
squares) augmented with Wald type 95% confidence intervals, a — lower values category, b — higher
values category
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Relationships between SOI and
directional asymmetry in ridge counts
When studying relationships between
directional asymmetry (Table 8) of ridge
counts and SOI, a statistically signifi-
cant interaction between the effect of
sex and DAr was found on the third fin-
gers (DAr R3-L3), along with borderline
significance of interaction between the

effect of sex and DAu on third fingers
(DAr R3-L3). In both effects, cases with
more rightward dominated asymmetry
(both DAr and DAu) had more typical
sex differences in SOI (higher values in
males and lower in females) while left-
ward asymmetrical patterns belonged to
cases in which the sex differences in SOI
disappeared.

Table 8. Results of the Robust Analysis of Variance (RAOV) for the effect of DA on SOL. Tests of effects of di-
rectional asymmetry (DAr and DAu) to SO], including interactions of dermatoglyphic variables with sex;

Mean RD — mean reduction in residual dispersion

DAr sex DAr : sex
Differ  Mean F-value p-value Mean F-value  p-value Mean F-value  p-value
ence RD RD RD
R2-L2 0.1584 0.7157 0.4001 8.20195 37.0688 0.00001 0.1146 0.5179 0.4739
R3-L3 0.2949 1.1475 0.2880 3.4734 13.5140 0.0005 1.8598 7.2361 0.0090
R4-L4 0.0147 0.0599 0.8077 2.2046 9.0085 0.0043 0.3599 1.4707 0.2313
R5-L5 0.0124 0.0549 0.8159 4.3975 19.5095 0.0001 0.0875 0.3880 0.5367
DAu sex DAu : sex
Finger I\/Il{efa)n F-value p-value I\/Il{e];n F-value  p-value I\/Il{e];n F-value  p-value
R2-L2 0.1527 0.6748 0.4138 6.7970  30.0330 0.00001 0.0464 0.2049 0.6520
R3-L3 0.0150 0.0528 0.8190 3.0840 10.8790 0.0016 0.1064 0.3754 0.5422
R4-L4 0.1759 0.7206 0.4002 3.2135 13.1687 0.0007 0.8570 3.5121 0.0672
R5-L5 0.0851 0.3769 0.5426 1.8100 8.0122 0.0071 0.0320 0.1416 0.7086
tween-finger between-hand asymmetry)
Discussion and their effect on log(SOI) score values.

Main recorded effects
In this study, we attempted to search for
dermatoglyphic correlates of human soci-
osexuality. Inspired with previous prom-
ising indications of validity of within-
individual (between-fingers) contrast in
searching for sex differences (Polcerova
et al. 2023; 2022a) and environmental
factors (Kahn et al. 2001; 2008) we tested
several types within-individual dermato-
glyphic differences (within fingers,
between-finger within-hand, and be-

Recorded SOI scores and their sex differ-
ences were in congruence with previously
published studies for Czech and Slovak
population samples (Ingrova et al. 2018;
Schmitt 2005). Also, dermatoglyphic
variation in pattern frequencies and ridge
count values did not exceed obvious lim-
its of typical human variations. There-
fore, our analyses are based on common
and in no way exceptional data.

We found that males with more com-
plex patterns on the second finger tended
to occupy the lower part of the male SOI
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score distribution, while the opposite was
true for females. Other results showed
something similar for differences in the
number of ridges within and between
fingers on (mostly) L2 and L4: the more
radial the contrast, the more blurred the
sex difference was due to the shift of
SOI scores to lower values in males and
to higher values in females. Therefore,
some sort of mechanism connects derm-
atoglyphics on fingers with SOI but re-
markably often (though not exclusively),
the 224 and 4% fingers appeared in various
dermatoglyphic features in which a sig-
nificant effect was found. This applies
both for sex differences and relation-
ships with SOI. A unique nature of the
20 finger was recognized for a long time
in dermatoglyphics since it bears one or-
der (or even more) higher frequencies of
radially oriented patterns, mostly radi-
al loops and whorls with radial within-
pattern asymmetry compared to other
fingers (Cummins and Midlo 1961: 67).
The second finger is therefore the most
variable finger of all in respect to the
complexity and radio-ulnar variation of
dermatoglyphic patterns it bears. This
underlies a relatively wide range of varia-
tions that can express an influence of on-
togenetic factors. The 4® finger bears rel-
atively high proportion of central pocket
patterns (Cummins and Midlo 1961)
— their variable within-finger asymmetry
also allows relatively wide variation of
within-pattern radioulnar differences.

Interpretation of the results
It has been suggested that dermato-
glyphics is associated with sex-specific be-
havior based on the fact that the brain and
dermatoglyphics arise from the same pre-
natal ectoderm and that nerve cell migra-
tion occurs at the time epidermal ridges
are formed (Fatjo-Vilas et al. 2008; Vonk

et al. 2014). Therefore, prenatal factors,
both genetic and environmental, could
simultaneously affect both structures
— dermatoglyphics and brain substrate
for a behavior — and consequently lead to
their nonrandom associations. Although
other associations between dermato-
glyphics and psychological features have
been found (Akbarova 2018) our study is
the only one known to us where associ-
ation between SOI and dermatoglyphics
has been detected. From the prevalent
involvement of the 2" and 4 fingers we
cannot avoid an impression that the re-
sults describe an analogous situation to
one that can be found in the ratio between
the length of the 2 and 4 fingers, or dig-
it ratio, which is widely studied as a pu-
tative marker of prenatal sex steroids (re-
cently e.g., Kasielska-Trojan et al. 2024).
In dermatoglyphics, males have usu-
ally on average more complex patterns on
fingers (higher nT and nC) and larger pat-
terns (Cummins and Midlo 1961:273),
which means higher Total Finger Ridge
Count (TFRC) (Holt 1961; 1979). If
testosterone is the main factor of mas-
culinization of these dermatoglyphic
features and, at the same time, is also
responsible for masculinization of brain
dispositions for sociosexuality, increas-
ing “masculinity” of the dermatoglyphic
features should be positively correlated
with increasing “masculinity” (higher
scores) of SOI. Our result for numbers of
triradii and cores are in congruence with
this potential explanation in females but
not in males where the opposite is true.
It is difficult to discuss a congruence of
our results of the ridge-count features
(quantitative features) with assumptions
about prenatal testosterone and ridge
count, since most frequently published
TFRC results are sums of ridge counts
of all ten fingers and variations between
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individual fingers as well as within fin-
gers is lost/dissolved in these summary
variables (Jantz 2022; Polcerovi et al.
2022a). From the published studies, we
found no clue or assumption about the
possible relationship of RCu or WID
with TFRC. So, we are not able to predict
from the previously published studies if
the correlation of e.g. RCu on L2 and SOI
scores should be expected to be mild or
strong, positive or negative. Changes in
average radioulnar within-finger asym-
metries compared to healthy population
is frequently on the list of dermatoglyphic
markers of genetic diseases. The frequen-
cy of radial loops is increased in many
genetic syndromes and their abundance
can be shifted to other than the 2" finger,
e.g., in Down syndrome frequently to the
4% finger (Schaumann and Alter 1976:
55), in trisomy of the chromosome 18 to
the first, third and fifth fingers (Schau-
mann and Alter 1976: 165).

We can hypothesize that except for
serious pathological variations in derma-
toglyphic patterns related to genetic syn-
dromes or harsh environmental factors,
radioulnar and body side variation in
dermatoglyphic features vary more incon-
spicuously due to less serious ontogenetic
factors even within normal range of vari-
ation in an otherwise healthy population.
Unfortunately, radio-ulnar asymmetry
of whorl patterns is rarely expressed in
results of studies following traditional
dermatoglyphic methodology. Therefore,
in our opinion, many effects related to
radio-ulnar asymmetries within fingers
remained obscured. The only possible
clue can be the frequencies of radial loops
— their frequencies on 2™ fingers are tra-
ditionally published and their abundance
on other fingers are so small that even
without dividing results into individual
fingers frequencies of radial loops in to-

tal of all ten fingers (in normal healthy
population) reflect almost exclusively the
second fingers. However, we found only
one study which put radial loops in re-
lation with steroid hormones. In a study
of 54 males with sex hormones anom-
alies (Al-Jumaily et al. 2010), increased
frequency of radial loops was found in
the studied group compared to controls.
Unfortunately, no detailed description of
etiologies of these “hormonal anomalies”
was available in this study so we cannot
discuss it further. Since hormonal anom-
alies in males are mostly characterized by
lower levels of steroid hormones (rather
than higher), we can assume that higher
frequencies of radial loops were found in
a group of subjects with prevalently lower
steroid levels which would be in congru-
ence with our results (low WID related to
low SOI) in males. This does not agree,
however, with our results in females but
these were not involved in the discussed
study (Al-Jumaily et al. 2010).
Directional/side asymmetry (right-
left) in our sample is in congruence with
previous studies (Kunter and Riihl 1995)
— males in our sample were generally
more asymmetrical than females, except
for the third finger which is more sym-
metrical (in males DA for RCu was effec-
tively zero). However, the male asymme-
try was opposite on both sides of fingers
— RCr in males was leftward asymmetri-
cal while RCu was rightward asymmet-
rical. In males, the most asymmetrical
RCr were on the second fingers and RCu
on the 2* and the 4" fingers. In females
the asymmetry was lower and different-
ly structured between fingers. However,
highest sex differences in the side asym-
metry were on the 2™ and 4" fingers
both for RCr and RCu. Previous studies
found a relationship between right-left
directional asymmetry of dermatoglyphic
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TFRC (i.e., size of patterns and prevalence
of large patterns — mostly whorls) and
sex-dimorphic cognitive tasks (brain later-
alization); the more right directed asym-
metry - the better scoring in male-favoring
tasks (Kimura and Carson 1995; Kimura
and Clarke 2001; Sanders et al. 2002). In
our sample and methodology, however,
relationships between SOI and DA were
different in different fingers (and radial
vs. ulnar finger sides) and not significant,
except for significant interaction between
asymmetry of radial ridge-count on the 3%
finger which was in congruence with the
above-mentioned principle (more mascu-
line with more right-directed values) only
in males, but not females.

Since we are not aware of any study
focusing on the relationship between
sociosexuality and dermatoglyphics, we
can only compare our results with stud-
ies of the relationship between SOI and
the 2D:4D ratio (which is de facto a ra-
dioulnar contrast of the lengths of the
respective fingers). Clark (2004) in his
second study found a negative correla-
tion between 2D:4D ratio and SOI on
both the right and left hands in women
(consistent with the prediction from the
considered effect of prenatal androge-
nization), the relationship was statisti-
cally significant on the right hand only.
He found a similarly significant rela-
tionship in his 3rd study (Clark 2004).
In a study by Charles and Alexander
(2011), in males, SOI did not correlate
with the 2D:4D ratio on either the right
or left hand (but correlation coefficient
values were positive and higher for the
left). In females the correlation was sig-
nificant but positive (the more feminine
digit ratio the higher SOI) which contra-
dicts the prediction from the theory of
prenatal androgenization. In women in
study by DeLecce et al. (2014), SOI did

not correlate with the 2D:4D ratio on
ecither the right or left hand. Therefore,
the results of these studies (Clark 2004;
Charles and Alexander 2011; DeLecce
et al. 2014) do not show a clear relation-
ship between 2D:4D ratio and SOI logi-
cally predictable by the theory of prenatal
androgenization. This is also true more
generally for the relationship between
2D:4D ratio and sex-typicality in behav-
ior which has also been discussed previ-
ously in some studies (Cohen-Bendahan
et al. 2005; Wong and Hines 2016). As in
these studies, we can now only speculate
that the differences in the results may be
due to differences in the relative timing
of hand and brain development between
the two sexes, body sides, and different
human populations. Some studies show
a greater effect of androgens on the right
side of the body than the left, as well as
stronger relationships between behaviors
with 2D:4D ratios on the right hand than
on the left (e.g.,, Manning et al. 1998).
Studies of ridge-count radioulnar con-
trasts clearly show significantly greater
and more consistent dimorphism on the
right hand compared to the left (Polcer-
ova et al. 2022a; 2022b; Polcerovi et al.
202.3). Our present study of the relation-
ship between radioulnar contrasts and
SOI, similar to the 2D:4D ratio studies
mentioned above) also suggests ambi-
guity about which side of the body has
a stronger relationship with SOI, but the
sense of that relationship is consistent
across both hands (see further discussion
of stress).

Since direct effects of doses of genes
in sex chromosomes was accepted as the
cause of dimorphism in dermatoglyphics
(Penrose 1967), an alternative explana-
tion of the relationships between derma-
toglyphics and SOI as found in our study
could be explained exclusively on the



Sociosexuality and Dermatoglyphics 53

genetic level. Some gene variants could
predispose their bearers both to specific
SOI and, as a side effect, specific derm-
atoglyphics. Recently, several particular
genes have been specified directly (Ho
et al. 2016) at the molecular level to be
involved in specific finger dermatoglyph-
ics, especially the gene ADAMTS9-AS2
(chromosome 3, locus 3p14.1) was iden-
tified as important in the formation of
whorl patterns (i.e., patterns prevailing
in subject with SOI not typical for a given
sex). However, relationship of this gene
with whorls were recognized not only for
the 2™ finger but for other fingers (except
for the thumb) and, thus, it does not ex-
plain our results dominated with effects
on the 2" and 4" fingers. Moreover, since
this gene (and most of other genes recog-
nized as significant in the cited study (Ho
et al. 2016)) is not located on sex chro-
mosomes we cannot avoid the need for
an additional explanation why the effect
of dermatoglyphics on SOI is opposite in
each sex. It needs to be clarified whether
the same genes also play a role in brain
development (and functioning) of neu-
ronal circuits regulating sociosexuality.
Since Bailey et al. (2000) found relatively
strong within-family additive genetic
components in sociosexuality while little
effect of shared environmental compo-
nent on sociosexuality was observed, fur-
ther searching for common molecular-ge-
netic factors of whorls patterns on fingers
and sociosexuality is a potential option.
Finally, we can open another interpre-
tation line concerning prenatal stress. It
is well known that prenatal stress and/
or various disruptors of prenatal devel-
opment can compromise fully/optimal
expression of many developing processes
(Gluckman and Hanson 2006), including
testosterone levels and sex differences of
stress effects (e.g. Barrett et al. 2014). In

rats, for instance, prenatal stress during
the late gestational period can lead to de-
masculinization of male sexual behavior
in adulthood (Coll-Andreu et al. 1989;
Velazquez-Moctezuma et al. 1993) and
masculinization in behavior of affected
females (Del Cerro et al. 2015; Kinsley
and Bridges 1988). These studies in re-
cent years have flourished within the
frame of DOHaD concept (Developmen-
tal Origins of Health and Disease) also in
humans. For instance, prenatal exposure
to phenol was negatively associated with
umbilical cord serum levels of testoster-
one (Liu et al. 2016), and, similarly, ma-
ternal urinary level of bisphenol A was
negatively associated with the left hand
2D:4D ratio of their daughters (Guo et al.
2021). We can therefore assume, that
various environmental insults can, more
or less — on a continuous scale compro-
mise the sex-typical levels of testosterone
(and more generally — typical genes — ster-
oid hormones milieu and interactions
for a given sex) and coping with and/or
adaptation to these changes might in-
clude complex shifts both in morpholo-
gy and behavior. We can notice only one
example of an old evidence mentioned
by Cummins and Midlo for two different
previously published populations - for
associations between dermatoglyphics
and schizophrenia which offered results
similar to ours for SOI: while typical sex
differences in whorls patterns frequencies
were found in controls, in schizophrenic
patients sex differences were blurred — in
males whorl frequencies were lower and
in females they were higher (Cummins
and Midlo 1961:277). A similar pattern
is represented by the effect of birth order
(the increase of which can be understood
as a worsening of complex prenatal con-
ditions) on the 2D:4D ratio (Kralik et al.
2019a), where the greatest dimorphism
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was observed in first-borns, and as birth
order increased (in secondborns and third
and higher-borns), there was an increase
(feminization) of the 2D:4D ratio in
males and a decrease (masculinization)
of the 2D:4D ratio in females, which
blurred to completely reversed the sex-
ual dimorphism of this trait. Thus, we
can speculate that our results of the re-
lationship between dermatoglyphic ra-
dioulnar contrasts and SOI show some-
thing similar: under normal conditions,
a typical dermatoglyphic dimorphism is
established while simultaneously setting
up a disposition for sex-typical sociosex-
uality. Alteration of typical prenatal hor-
mone levels for a given sex (e.g., due to
stress) alters the timing of fetal pad de-
velopment on hands and feet, resulting
in altered dermatoglyphic traits on them
(larger patterns and negative radioulnar
contrasts) and concomitant lack of di-
morphism in SOI in this group.

Limitations of the study

One of the limitations of our study is the
sample size. Despite original sample size
(N=180), readability of the dermatoglyph-
ic patterns and/or especially the individu-
al ridges for ridge-counting was limited in
some fingers due to sweat produced by skin
during scanning and/or excessive pressure
imposed to fingers. In a combination with
missing data in SOI (all 7 items should be
filled for SOI score, which was not always
the case) the final sample size in most of
the comparisons was usually lower than
one hundred subjects.

The results of our study are limited
only to this within-population variation
and should not be applied to other pop-
ulations without caution. Human popu-
lations differ both in the radioulnar ten-
dencies of the dermatoglyphic patterns on
fingers (e.g., in frequencies of radial loops)

and SOI scores and there is absolutely no
certainty that these within-population re-
lationships apply also in a between-pop-
ulation comparison. In other words, we
cannot say that a difference in WID on
the L2 between two populations would
be followed with the same change of SOI
like the same change of WID between two
groups within our studied population.

Another limitation of our study is
the unavailability of data from the 1%
finger due to method of hand scanning.
The one-off nature of the examination
of the volunteers did not allow us to
undergo repeated measurements (hand
scanning and imprinting) and proceed
SOI assessment. Finally, we have not
found any reference study of SOI in rela-
tionship with dermatoglyphics so far, so
we cannot compare our result with any
other study.

Conclusions

In our study we found that relationships
between finger dermatoglyphics and SOI
exist. As hypothesized, these relation-
ships manifested also in radioulnar ridge-
count differences (radioulnar contrasts),
but not in their whole spectrum. Rela-
tionships were observed only in some of
the differences related to specific fingers,
mostly in the 2 and 4% fingers. What-
ever prenatal factors are involved in the
SOI dispositions they should be also
somehow involved in development of fe-
tal volar pads and specific coincidence of
their regression with onset of histological
differentiation of primary dermal ridg-
es (Mulvihill and Smith 1969; Kiicken
2007).
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