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Abstract: Self-efficacy is one’s awareness of being able to cope optimally with different situations.
Perceived self-efficacy is a belief that closely involves emotional and personological functioning. In
fact, when one perceives oneself as capable, the likelihood of success increases significantly. The aim
of this research was to verify a possible correlation between self-efficacy and the Digit Ratio (2D:4D),
referred to as prenatal androgen levels, and whether these correlate with some psychological variables,
considering possible gender differences. This study involved 56 sports university students, whose
2D:4D ratio was calculated. Moreover, self-assessment questionnaires: the Self-efficacy Scale (SES), the
Big Five Questionnaire-2 (BFQ-2), the Profile of Mood State (POMS), the State-Trait Anxiety Inventory
Form Y (STAI-Y) and the Emotional Regulation Questionnaire (ERQ) were administered. The data
show that the perceived levels of self-efficacy seem to be influenced by an innate predisposition
linked to prenatal androgen values to which the subjects were exposed during uterine life (2D:4D).
This negative correlation indicates that the higher the value of the digit ratio, the more likely it is that
the level of perceived self-efficacy will be lower. Finally, the degree of perceived self-efficacy also
seems to depend on the levels of subjective anxiety, understood both as a personological disposition
and a contingent condition, and the latter also seems to be influenced by prenatal androgen levels,
particularly in women.

Keywords: emotion control; personality; state—trait anxiety; testosterone; gender differences

1. Introduction

Self-efficacy is the belief that individuals have that they are able to cope optimally in
different situations. It is about perceiving oneself as able to manage the difficulties that
may occur during task performance [1,2], and it also correlates with self-assertion.

In fact, self-efficacy is not a personality trait, but it is deeply linked with it: perceiving
oneself as being able to face trials and actually achieve objectives is motivating and satisfy-
ing, and consequently, this belief will influence how and what one learns; this aspect will
have an important role in the individual’s long-term evolution [3,4].

The more capable you feel, the more likely you are to experience success by employing
contextually appropriate resources. Conversely, the less capable you feel, the less likely
you are to achieve your goals. Repeated flops will undermine the individual’s motivation
and self-esteem.

Around the end of the 1990s, an experimental study allowed us to confirm the above: a
sample of subjects was assigned a task, and the ones who were convinced to have the skills
to solve it showed greater commitment, used more resources, and consequently, found
better solutions [5].
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More recent studies confirm that high levels of self-efficacy correlate with good task
success [6], correlate with lower levels of stress and anxiety [7], and impact psychological
well-being and personal achievement [8-10].

Perceived self-efficacy is clearly a belief that is strongly related to emotional function-
ing. Emotions play a leading role in any moment of our lives and influence both the way
we experience events and the way we interact with others [11-13].

Today we discuss emotional intelligence as a skill appropriately defined, which refers
to the ability of the subject to understand their emotions in terms of self-awareness and also
to be able to describe and understand emotional states in an appropriate way according to
different contexts. Emotional intelligence finds its greatest importance in the ability to know
how to use emotion regulation strategies to cope with emotionally intense situations [14].
The most commonly used strategies are cognitive reappraisal and emotional suppression:
the first acts in an adaptive direction, correctly redirecting the emotional reaction triggered;
the second is activated through the suppression of emotion and has an inhibitory action,
which often becomes counterproductive [15]. Modern neuroscience has coined the term
affective neuroscience, referring to the branch of this discipline dedicated to the study
of emotions, which has increased knowledge about brain mechanisms and physiological
and anthropometric measurements to “localize emotional states” [16]. In the study of
human functioning, recent research [17,18] has revealed the influence on affective states
and psychological variables of the digit ratio, denoted by the formula 2D:4D, which refers to
the ratio of the length of the second to the fourth finger of the hand, usually the right, which
is strongly dependent on the level of testosterone absorbed by the fetus during intrauterine
life; specifically, this index differs for males and females because the concentration of
androgen receptors in the fourth finger of the hand influences the development of its length.
Therefore, usually, this value is lower in men as they have a greater fourth finger length
derived from a higher concentration of androgen receptors, whereas this value is higher
in women as a result of a lower concentration of androgen receptors resulting in a shorter
fourth finger length [19].

As itis known, the level of prenatal hormones has an influence on adult brain organiza-
tion [20] and also on the behavior that is manifested [21,22]. From this, it is possible to iden-
tify, in particular, a correlation between personality and testosterone levels. Early studies on
this topic, some of which were conducted with prisoners and psychiatric patients, verified
an association between high testosterone levels and aggressive behavior [23,24]. The same
correlations have been observed in populations of healthy, non-deviant subjects [25]. More
research has investigated and confirmed this correlation: high plasma levels of testosterone
are associated with personality traits such as hostility, sensation-seeking, risk-taking or
dominance in males [26,27]. However, regarding research on females, this has not clarified
the influence of testosterone on aggressive and antisocial behavior [28]. Lower 2D:4D ratio
levels are found to correlate with greater physical aggression in males, a distinction that
does not occur for females [29].

Peter Eachus [30] investigated in a study a possible correlation between digit ratio and
Internet self-efficacy. On this construct, previously measured by the Web User Self-Efficacy
(WUSE) scale, gender differences were found overall, with men having higher Internet
Self-Efficacy. It was therefore hypothesized that there might be a statistically significant
correlation between self-efficacy measures and the digit ratio.

However, another study by Wade et al. [31] focused on a female sample, investigating
and confirming the above. In particular, the authors in this study aimed to investigate the
correlation between perceived self-efficacy, body esteem, personality and digit ratio.

Evardone and Alexander [32] investigated the relationship between 2D:4D and anxiety,
finding a positive correlation between the value of the digit ratio and anxiety levels in
men, i.e., men with higher levels of 2D:4D have higher levels of anxiety; according to
another study, high levels of the 2D:4D ratio also correlate with higher rates of depression
in men [33]; in addition, it seems that a low 2D:4D ratio is a protective factor against anxiety
in both men and women, and this protection appears to act throughout life [34].
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In order to have the correct emotional response in different situations, it is important
to be able to regulate one’s emotions, which influence one’s perceived self-efficacy. From
this assumption comes our interest in investigating the variables that most correlate with
it in order to understand if the use of regulation strategies is in some way dependent on
other characteristics that the subject can or cannot possess.

The purpose of our study was to investigate whether and how physiological char-
acteristics, such as testosterone levels, could affect psychological characteristics such as
Self-efficacy; in addition, we assessed other affective states and psychological variables that
may influence self-efficacy, such as anxiety, personality and emotional intelligence; and
finally, we aimed to evaluate if there were any gender differences in our results.

2. Materials and Methods
2.1. Participants

The research was conducted on university students of the Master’s degree course in
Motor Sciences at the University of Catania; out of 100 students enrolled in the course, only
56 joined.

Fifty-six young sports and healthy volunteers, aged between 21 and 31 years, had a
mean (M) age of 25.78 years with a standard deviation (SD) of £2.66; of these, 32 were
female (M = 25.53 + 2.99 SD) and 24 were male (M = 26.12 £ 2.15 SD). Table 1 shows
the descriptive characteristics of the sample, divided by gender (Table 1A female sample,
Table 1B male sample) and age.

Table 1. The descriptive characteristics of the sample ((A) female sample, (B) male sample) aged.

A B
N. Age D2:D4 N. Age D2:D4
1 30 0.92 1 27 0.92
2 26 0.95 2 25 0.93
3 26 0.96 3 28 0.93
4 26 0.96 4 25 0.95
5 25 0.96 5 28 0.95
6 28 0.96 6 27 0.96
7 28 0.96 7 27 0.96
8 22 0.97 8 24 0.97
9 26 0.97 9 25 0.97
10 20 0.97 10 27 0.98
11 20 0.97 11 25 0.99
12 27 0.97 12 28 0.99
13 25 0.98 13 27 1.00
14 26 0.99 14 26 1.00
15 29 0.99 15 27 1.00
16 27 1.00 16 24 1.00
17 24 1.00 17 26 1.00
18 24 1.00 18 23 1.01
19 27 1.00 19 31 1.01
20 21 1.01 20 27 1.03
21 27 1.01 21 25 1.03
22 23 1.02 22 24 1.03
23 25 1.03 23 28 1.04
24 29 1.03
25 31 1.03
26 28 1.04
27 31 1.04
28 23 1.05
29 21 1.05
30 22 1.05
31 25 1.05
32 25 1.08
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Specifically, for this study, we chose a group of healthy and physically performing college
students in order to minimize any occurrence of physical illnesses or psychological syndromes,
e.g., body dysmorphic disorder, that might have influenced the collected data. Moreover,
participants excluded from this study were those who obtained a standardized score (T-score)
> 65 on the Lie Scale and at least on 3 major factors of the BFQ-2. The authors of the BFQ-2
indicate this criterion to identify the falsified personological profiles that should be excluded
from data analysis. All participants provided written consent and were informed about
procedures and their rights to anonymity, in accordance with the Declaration of Helsinki.

2.2. Measures

To carry out this study, our research protocol required that the subject first complete an
anamnestic grid that contained general information. Then, they were administered the Big
Five Questionnaire 2 (BFQ-2) to investigate their personality; the Digit ratio (2D:4D) was
used as an indirect measure of pre-natal androgen levels during intrauterine life; the Profile
of Mood States (POMS) provided a measure of their mood states; the STAI-2 (State-Trait
Anxiety Inventory) measured their anxiety; in order to evaluate their self-efficacy, the
Self-efficacy Scale was administered; and finally, to assess their emotional intelligence, the
ERQ (Emotional Regulation Questionnaire) was used. All instruments are detailed below:

Digit ratio: For the measurement of the 2D:4D ratio, direct measurements were made
of the length of the second and fourth fingers of the right hand for males and of both hands
for females, following the methodology already found in the literature [17,35]; the length
was measured twice, by having the palm of the open hand resting on a plane and using
a meter to obtain the value of the length that goes from the metacarpophalangeal fold to
the fingertips. This fold, which constitutes one of the fundamental folds of the hand, is
believed to form around the 9th week of the gestational period [36]. The 2D:4D ratio has
been reported only in reference to the right hand, as the ratios between the fingers of this
hand appear more sensitive to prenatal androgens [37].

BFQ-2 (Big Five Questionnaire 2): The Italian version developed by Caprara et al. [38]
was used to measure personality traits related to Costa and McCrae’s 1990 theory (Big Five
Theory). It is a self-report questionnaire consisting of 134 Items that subjects must answer
using a 5-point Likert scale, ranging from “Absolutely false to me” to “Absolutely true
to me”. Results are summed across dimensions and sub-dimensions to then identify the
5 factors, each divided into two subscales, as follows:

This instrument examines the five personality factors, each divided into two subscales,
as follows:

(1) Energy refers to the concept of extroversion in the original model and determines
the activity and dynamism of a subject (Cronbach’s alpha = 0.81). The subscales of
reference are Dynamism, understood in terms of energy and activity, and Dominance,
which refers to the tendency to excel and dominate over others.

(2) Agreeableness refers to the concept of agreeableness in the original model and refers to
a subject’s altruism, sociability, and empathy toward others (Cronbach’s alpha = 0.73);
the two subscales are Cooperativeness/Empathy, and Politeness/Friendliness.

(8) Conscientiousness refers to the capacity for self-control and determination, and there-
fore the higher it is, the more it refers to precise, orderly, persevering subjects (Cron-
bach’s alpha = 0.81); the subscales refer to Scrupulousness and Perseverance, the first
referring to order and reliability, the second to persistence and pursuit of objectives.

(4) Emotional Stability refers to the attitude of the subject in the self-regulation of their
own emotional states, and higher scores indicate low levels of anxiety, stress, vulnera-
bility, irritability, etc.; the two sub-dimensions measure the Control of Emotions, or
the emotional states that the subject experiences, and the Control of Impulses, which
evaluates the self-control of these in particular situations of discomfort and stress.

(5) Openness refers to culture, interest in events that occur in the world and new experi-
ences (Cronbach’s alpha = 0.75); the subscales are Openness to culture and Openness
to experience: first refers to interest in reading and knowledge, second to the predis-
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position towards new situations and challenges, and third to openness to lifestyles
different from one’s own.

To these factors is added the measurement of a sixth scale, called Lie, relating to social
desirability, which is also divided into two subscales, one egoistic and the other moralistic.
The first refers to the tendency to attribute high intellectual abilities to oneself. The second
refers to morally correct behavior and to the tendency to describe oneself as an affable
person (Cronbach’s alpha = 0.74) [38]. This scale, not only provides a measure of the degree
of social desirability shown by the subject but also has the main function of identifying
attempts to falsify answers and, therefore, provides a measure of reliability.

The scores for each of the five traits, together with the Lie scale, range from very low
(between 25 and 35), low (between 36 and 45), normal (between 46 and 55), high (between
56 and 65) and very high (between 66 and 75); the final raw scores are corrected for an
average reference sample by gender and age.

STAI-Y (State-Trait Anxiety Inventory Form Y) [39]: The test consists of 40 items
and is divided into two parts: the first 20 items assess state anxiety, referring to the
psychophysiological condition of a given moment, while the other 20 items measure trait
anxiety, understood as a personality trait; the subject expresses a value for each statement
with a score ranging from 1 (not at all) to 4 (very much), with a total score ranging from 20
to 80 for both parts: the higher the score, the greater the reference anxiety state [40]. The
resulting score is then adjusted for the gender and age of the subject. Internal consistency
coefficients for the scale have ranged from 0.86 to 0.95, and test-retest reliability coefficients
have ranged from 0.65 to 0.75 over a 2-month interval.

GSE (General Self-efficacy Scale) [41]: It is a scale built on samples from 23 nations
(the scale is available in 33 languages), with Cronbach’s alphas ranging from 0.75 to 0.90,
with the majority ranging over 0.80. It consists of 10 items that assess the subject’s general
self-efficacy, with a reference value for each item ranging from “Not at all true” to “Totally
true”. The higher the score, the higher the perceived self-efficacy of each subject.

POMS (The Profile of Mood States) [42]: This instrument is composed of 58 different
adjectives, referring to as many moods that the subject has experienced in the last week
and that he describes on a Likert scale ranging from 0 (not at all) to 4 (very much). The
items are combined in such a way as to provide value relative to six different factors:
Tension (T; Cronbach’s alpha = 0.76), Depression (D; Cronbach’s alpha = 0.66), Anger (A;
Cronbach’s alpha = 0.89), Vigor/activity (V; Cronbach’s alpha = 0.87), Fatigue (F; Cronbach’s
alpha = 0.95) and Confusion (C; Cronbach’s alpha = 0.70). In addition, it provides a global
index of mood state called TMD (Total Mood Disturbance), which is obtained by summing
the values of all factors except for the V factor, which is subtracted.

ERQ (Emotional Regulation Questionnaire) [43]: The instrument measures two emo-
tion regulation strategies: cognitive reappraisal and emotional suppression; the first con-
cerns the ability to modify the emotional response to an emotionally susceptible event
before it occurs, while the second inhibits the emotional response produced so that it is not
expressed. It consists of 10 items for each of the two strategies, both related to negative
and positive emotions and involving two aspects: emotional expression and emotional
experience. The subject has to assign each item a value on a Likert scale ranging from 1
to 7, that is, from ‘strongly disagree’ to ‘strongly agree’. Higher scores correspond to a
greater use of this regulation strategy. Cronbach’s « reliability coefficients are 0.84 for the
Reappraisal scale and 0.72 for the Suppression scale; item-total correlations ranged from
0.48 to 0.68 for Reappraisal and from 0.42 to 0.63 for Suppression.

In this study, we used established self-assessment methods, such as POMS and ERQ.
The choice is mainly due to the simplicity of their administration and the ease of under-
standing by the participants. However, self-assessment measures, although widely used,
can be susceptible to bias and may not fully capture actual self-efficacy. To reduce this
risk, methods have been proposed that use physiological tools for analyzing participants’
perceptions, such as Dang and coworkers [44], Castiblanco Jimenez and coworkers [45] and
Shi [46], which, however, are less easy to administer and whose results are slower to collect.
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2.3. Data Analysis

Data were collected, averaged, and then compared with the paired t test (two-tailed).
Moreover, linear regression and the correlation coefficient of Pearson were also calculated.
Significance was set at p < 0.05, and all data are reported as mean + standard deviation
(SD). Statistical evaluation was carried out using SPSS 23.0 (SPSS Inc., Chicago, IL, USA).

3. Results

The measurement of 2D:4D ratios was calculated in centimeters (cm) and resulted in
mean values of 0.99 4 0.04 cm. The difference in 2D:4D ratios between males (0.99 + 0.04 cm)
and females (1.00 £ 0.04 cm) was not statistically significant. Means and standard de-
viations relative to the scores obtained in the ERQ, separated into the two subscales of
the test (Cognitive Reappraisal and Emotional Suppression), are reported in Table 2. As
shown, subjects tended to report higher scores in cognitive reappraisal than in emotional
suppression, both in the whole sample and separately in the male and female samples.

Table 2. ERQ, mean and standard deviation of total, female and male samples.

Cognitive Reappraisal Emotional Suppression

M DS M DS
Total 4.7341 1.0361 3.3348 1.3933
Female 4.8956 1.1155 3.0625 1.5319
Male 45187 0.8973 3.6979 1.1131

Tables 3 and 4 show the means and standard deviations obtained at the STAI-Y and
POMS tests.

Table 3. STAI-Y, mean and standard deviation of total, female and male samples.

State Trait
M DS M DS
Total 52.82 10.74 54.23 11.56
Female 52.09 10.90 51.63 10.65
Male 53.79 10.68 57.71 12.03

Table 4. Mean and standard deviation of factors of POMS: Tension (T), Depression (D), Aggressive-
ness (A), Vigor/ Activity (V), Fatigue (F), Confusion (C) and Total Mood Disturbance (TMD).

T D A A% F C TMD

Total
M 52.21 52.16 55.41 53.14 56.88 56.32 221.11
DS 9.13 10.70 12.23 10.64 12.21 10.14 52.49

Female

M 51.48 50.69 53.88 51.78 56.94 54.81 218.62
DS 9.44 8.69 10.05 11.76 12.94 10.14 49.06

Male
M 50.72 51.53 54.58 52.74 54.62 55.41 216.33
DS 8.95 12.84 14.63 8.84 11.44 9.99 57.55

Table 5 shows the means and standard deviations of the five personality factors
obtained from the administration of the Big Five Questionnaire-2.

In the total sample, the personality trait that obtained the highest average score is
Energy, while the lowest score reported is related to Emotional Stability, which represents
the lowest score in both males and females. Finally, the trait of Agreeableness has the
highest mean score in the female sample, while Openness has the highest mean score in the
male sample. Lastly, the mean values obtained in Self-efficacy are 19.66 &+ 5.47 SD (males:
21.38 4+ 4.97; females: 18.38 + 5.55).
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Table 5. Factors of BFQ-2. Mean and standard deviations of total, female, and male samples.

Energy Agreeab.  Conscient. Emot. Stab. = Openness Lie

Total

M 54.50 53.73 54.00 47.05 52.96 46.00

DS 8.80 10.62 9.86 11.24 7.62 7.94

Female

M 54.09 54.31 53.31 46.81 50.56 45.71

DS 9.05 10.56 10.69 10.01 8.06 8.47
Male

M 55.04 52.96 54.91 47.38 56.17 46.39

DS 8.61 10.89 8.78 12.92 5.70 7.32

3.1. Digit Ratio (2D:4D)

From the results obtained from the 2D:4D ratio analysis, in the total sample, no
statistically significant correlation is observed with Emotional Intelligence, while there
is a negative correlation with Self-efficacy (p = 0.0116; r? = 0.1122), the personality trait
Emotional Stability (p = 0.0274; r? = 0.0869), and its subscale Emotional Control (p=0.0311;

12 = 0.0832), as shown in Figure 1.

a b
p=0.0116 p=0.0274
40- r’=0.1122 80- r’=0.0869
=y * .
> 30 B
g ® s L P .' E 60-
= &'{‘j\\’ ;
£ 20 ° o =
& ’ ® . . o 5
= o®® o ® 2 40-
» 104 1)
* N * L 4 g
c L} L} T 1 20 T T L 1
0.90 0.95 1.00 1.05 1.10 0.90 0.95 1.00 1.05 110
2D:4D 2D:4D

Figure 1. Correlation between digit ratio (2D:4D), (a) Self-efficacy and (b) Emotional Stability (BFQ-2)

in the entire sample.

Concerning the relation with the STAI-Y, the 2D:4D correlates positively only in the
female sample with both State (p = 0.0346; r? = 0.1404) and Trait Anxiety (p = 0.0320;
1? = 0.1444), as shown in Figure 2. In relation to personality traits, only a negative correla-
tion is reported with the Cooperativeness subscale (p = 0.0141; r> = 0.1848).

a b
p=0.0346 p=0.0320
100+ r?=0.1404 100- r?=0.1444
I"-;' 30 . . E 80+ .
s . g )
X 601 ., X 60 ey
L B LS T
2 AR 1 = «
L * g a0 A
® = .
20 T T T 1 20 T T T 1
0.90 0.95 1.00 1.05 1.10 0.90 0.95 1.00 1.05 1.10
2D:4D (F) 2D:4D (F)

Figure 2. Correlation between digit ratio (2D:4D) and both State (a) and Trait Anxiety (b) of STAI-Y

in the female sample.
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3.2. Self-Efficacy and Other Psychological Variables

Regarding ERQ, specifically, Cognitive Reappraisal in the total sample shows a positive
correlation with Self-efficacy (p = 0.0359; r? = 0.0789), as can be seen in Figure 3. Moreover, a
positive correlation emerged between Suppression and Trait Anxiety (p = 0.0044; r* = 0.1405)
and a negative correlation with Agreeableness (p = 0.0038; 1> = 0.1449) and its subscales,
Cooperativeness (p = 0.0073; r*> = 0.1260) and Friendliness (p = 0.0170; r? = 0.1009). In
addition, a negative correlation emerged between Suppression and the Dynamism subscale
(p = 0.0174; r* = 0.1003).

p=0.0359
_ 8- r’=0.0789
©
8] ®
© 8o o°
E. 64 & o. oS °
& ol
(R J
L 4 e oo0oeed o o
) % o0 "%
2=
-g 2_ .
o
o c L] L] 1 1
0 10 20 30 40
self-efficacy

Figure 3. Correlation between Self-Efficacy and Cognitive Reappraisal (ERQ) in the entire sample.

As shown in Figures 4 and 5, Self-efficacy showed statistically significant correlations
with both State and Trait Anxiety (Figure 4) and with some Big Factors of BFQ (Figure 5) in the
total sample. In addition, Self-efficacy showed a positive correlation with Vigor (p =< 0.0001;
2= 0.2594) and a negative correlation with TMD (p = 0.0385; 2= 0.0769), factors of the POMS.

a b
p=0.0018 p=0.0010
100- r’=0.1659 100~ r’=0.1838
- - ®
% 80 JR . _E. 80 i .« . ®
'g - % Se. .ty
g * P y * o E 7 * o . o S
H e ‘© L] .
e w0 ° ?:':- . 5 0] . o Al
20 r T T ) 20 r T T 1
0 10 20 30 40 0 10 20 30 40
self-efficacy self-efficacy

Figure 4. Correlation between Self-efficacy and both State (a) and Trait Anxiety (b) of STAI-Y in the

entire sample.

p<0.0001 p=0.0006 p<0.0001
2= = 2=
I r°=0.2497 8 r?=0.1997 ” r°=0.3944
.I . .é‘ L] .
L) . = 0,
o 60 i P, 8 o 2 60 * 2
o . oo, w 2 Ly *
o e etl, © c hJ b S .
c - c Q . L]
4 o Wt e 24 S o °
<] .
L] 13 L]
@
"o 10 2 30 @ o 10 20 30 o o 10 2 ) a0
self-efficacy selfefficacy selfefficacy

Figure 5. Correlation between Self-efficacy and Energy (a), Emotional Stability (b) and Openness (c)
of BGQ-2 in the entire sample.
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In addition, both state and trait anxiety show positive correlations with all factors of
the POMS (p =< 0.001), except for Vigor, with which it correlates negatively. State and Trait
anxiety also show negative correlations with most of the BFQ-2 Big Factors, as shown in
Figure 6.

a c e
p=10.0338 p<0.0001 p=0.0137
100 1= 0.0807 100 =0.2648 100 r=0.1073
E 80 o - g 80 5 80 Le e e
= * ® x x
5 e * 0 o8 % S o0 S &0 3 le -4: .
2 \'.\,“g;;\-_ 2 2 S s
£ w ® . ".‘0 %o 2 w0 2 @ ".‘o'l.-' N
“20 @ 60 80 “20 4 50 P 4 &0 80
energy emotional stability openness

p<0.0001
100 '=0.5226
80-

60-

40

trait anxiety
2
trait anxiety

20

t T T 1 T r T r )
20 40 60 80 0 20 40 60 80
energy emotional stability

Figure 6. Correlations between State-Trait Anxiety (STAI-Y), Energy (a,b), Emotional Stability (c,d)
and Openness (e) of BFQ-2 in the entire sample.

3.3. Gender Differences

Comparison of the results obtained from the male and female samples separately, as
shown in Figure 7, revealed a statistically significant difference in the mean values reported
on the Self-Efficacy Scale, where the male sample obtained statistically higher mean values
(21.38 £ 4.97) than the female sample (18.38 £ 5.55). In addition, again, the male sample,
when comparing data from the ERQ, tended to show statistically significant higher mean
Emotional Suppression values (3.67 £ 1.11), compared to women (3.06 + 1.53).

p= 0.0363*

p= 0.0343
304 I I
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1
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Figure 7. On the left are the mean values of Self-efficacy (a) and on the right are the mean values
of Emotional Suppression (ERQ) (b), both in male and female samples; * p < 0.05, statistically
significant difference.

4. Discussion

The purpose of our research was based on the hypothesis of a correlation between
perceived self-efficacy and prenatal androgen exposure levels, as expressed by the 2D:4D
ratio. The analysis of the results revealed a negative correlation between self-efficacy and
the 2D:4D ratio, suggesting that the perception of one’s self-efficacy appears to be somewhat
influenced by an innate predisposition related to the prenatal androgen values to which
individuals were exposed during uterine life; therefore, it would seem that the higher
these values are (i.e., a lower level of prenatal androgen exposure), the lower the level of
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perceived self-efficacy will be. In addition, a statistically significant difference between male
and female values emerged from the results, and what was discussed could provide an
explanation: as can be seen from the graph (Figure 7a), a higher mean value of self-efficacy
was found in the male sample, which differs significantly from the female sample; therefore,
if what was found by the correlation between the 2D:4D ratio and self-efficacy is true, this
could be partly explained by the fact that males normally have a higher level of prenatal
androgens [47] and therefore males might have an innate predisposition to higher levels
of Self-efficacy.

Another important finding is represented by the positive correlation between 2D:4D
ratio and State and Trait Anxiety, only in the female sample (Figure 2); this could mean that
there is an innate predisposition to anxiety both as a contingent physiological condition and
as a personality trait, which seems to be correlated with prenatal androgen levels [48,49],
and in particular with lower androgen levels [34]. As is well known, anxiety and personal
emotional condition in general are determinants of perceived levels of self-efficacy, which
seem to be partly conditioned by predetermined factors, such as the 2D:4D ratio [17,18], as
confirmed in our study by both the negative correlation between anxiety and self-efficacy
(Figures 3, 4 and 5b) and the positive correlation between the 2D:4D ratio and emotional
stability (Figure 1).

Limitations. It should be noted that, although in the literature there are many studies
that associate the 2D:4D ratio with a whole series of variables (such as risk-taking, aggres-
sive behavior, etc.), other studies have failed to reproduce these associations. Recently,
James M. Smoliga and colleagues [50] published a paper analyzing possible sources of
error in studies involving the 2D:4D ratio. They conclude by listing four possible “pitfalls”
that could avoid unreliable results, namely: (1) pre-registration of the study protocol;
(2) performing or reporting a priori power analysis; (3) detailed accounting for multiple
comparisons; and (4) reporting negative findings from other outcomes. In setting up the
present study, we tried to apply these suggestions.

5. Conclusions

The investigation conducted on the possible correlations between prenatal androgen
levels, self-efficacy and psychological variables in this sample of young college students
made it possible to emphasize the role played by certain innate biological predispositions,
in this case represented by prenatal androgen exposure levels, on the adaptive behaviors
of each of us and to reiterate the importance of personal affective states in everyday life.
Indeed, our study found that the 2D:4D ratio shows a negative correlation with levels of
perceived self-efficacy, and in women especially, it also correlates positively with levels of
state and trait anxiety. In addition, the results confirmed the adaptive role of using positive
emotional regulation mechanisms.

In conclusion, our study confirmed the hypothesis of a correlation between perceived
self-efficacy and prenatal androgen levels (2D:4D ratio), emphasizing the importance of
innate biological factors in the architecture of personality and psychological attitudes.
Moreover, our results showed that these two variables have close links with affective states,
particularly anxiety, suggesting that perceptions of one’s self-efficacy and level of emotional
control seem to be somewhat influenced by an innate predisposition related to prenatal
androgen values to which individuals were exposed during uterine life.

6. Future Research

In our previous studies, we have directed our attention to various samples, such as
medical students [35], subjects practicing specific sports such as skydiving [18] and cavers [51],
so for this study, we decided to focus on young college students practicing sports.

In our future research, we intend to increase the sample size and extend this study
to different groups of subjects, such as those with emotional-relational disorders, to in-
vestigate whether prenatal androgen exposure levels may play an important role in the
etiopathogenesis and clinical management of such disorders.



J. Funct. Morphol. Kinesiol. 2023, 8, 97 11 of 12

Author Contributions: SM., SR, R.A., A.B. and M.C. contributed to the conception and design of the
study. SM,, SR, R.A,, VPP, D.D.C. and M.C. were responsible for data collection and statistical analysis.
CSG,SR,AS,ER,DD.C, AB. and M.C. were responsible for the drafting and finalization of the
manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethical Committee of the University of Kore Enna.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated for this study are available on request to the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kirsch, I. Self-efficacy and outcome expectancy. In Self-Efficacy, Adaptation, and Adjustment: Theory, Research and Application;
Maddux, J.E., Ed.; Plenum: New York, NY, USA, 1995; pp. 331-345.

2. Maddux, J.E.; Gosselin, ].T. Self-efficacy. In Handbook of Self and Identity; Leary, M.R., Tangney, ].P., Eds.; Guilford Press: New York,
NY, USA, 2003; pp. 218-237.

3. Bandura, A. Self-efficacy: The foundation of agency. In Control of Human Behavior, Mental Processes, and Consciousness: Essays in Honor
of the 60th Birthday of August Flammer; Walter, ].P., Alexander, G., Eds.; Lawrence Erlbaum Ass: Mahwah, NJ, USA, 2000; pp. 17-34.

4. Ehrenberg, M.F.; Cox, D.N.; Koopman, R.E. The relationship between self-efficacy and depression in adolescents. Adolescence 1991,
26, 361. [PubMed]

5. Whyte, G; Saks, A.; Hook, S. When success breeds failure: The role of perceived self-efficacy in escalating commitment to a losing
course of action. J. Organ. Behav. 1997, 18, 415-432. [CrossRef]

6.  Argentero, P; Setti, I. Le differenze individuali. In Psicologia del Lavoro; Argentero, P., Cortese, C.G., Piccardo, C., Eds.; Raffaello
Cortina: Milano, Italy, 2008.

7. Stevens, C.K.; Bavetta, A.G.; Gist, M.E. Gender differences in the acquisition of salary negotiation skills: The role of goals,
self-efficacy, and perceived control. J. Appl. Psychol. 1993, 78, 723-735. [CrossRef] [PubMed]

8. Bandura, A. Il Senso di Autoefficacia: Aspettative su di sé e Azioni; Erikson: Trento, Italy, 1996.

9.  Zajacova, A.; Lynch, S.M.; Espenshade, T.J. Self-efficacy, stress, and academic success in college. Res. High. Educ. 2005, 46, 677-706.
[CrossRef]

10. Fabio, R.A ; Picciotto, G.; Capri, T. The effects of psychosocial and cognitive stress on executive functions and automatic processes
in healthy subjects: A pilot study. Curr. Psychol. 2021, 41, 7555-7564. [CrossRef]

11.  Naqvi, N.; Shiv, B.; Bechara, A. The role of emotion in decision making: A cognitive neuroscience perspective. Curr. Dir. Psychol.
Sci. 2006, 15, 260-264. [CrossRef]

12.  Garnefski, N.; van Rood, Y.; de Roos, C.; Kraaij, V. Relationships between traumatic life events, cognitive emotion regulation
strategies, and somatic complaints. J. Clin. Psychol. Med. Settings 2017, 24, 144-151. [CrossRef]

13.  Ebisch, S.J.H.; Scalabrini, A.; Northoff, G.; Mucci, C.; Sergi, M.R.; Saggino, A.; Aquino, A.; Alparone, ER.; Perrucci, M.G.; Gallese,
V.; et al. Intrinsic shapes of empathy: Functional brain network topology encodes intersubjective experience and awareness traits.
Brain Sci. 2022, 12, 477. [CrossRef]

14. Goleman, D. Intelligenza Emotive; Rizzoli: Milano, Italy, 1995.

15.  Gross, ].].; John, O.P. Individual differences in two emotion regulation processes: Implications for affect, relationships, and
well-being. J. Pers. Soc. Psychol. 2003, 85, 348-362. [CrossRef]

16. Deak, A. Brain and emotion: Cognitive neuroscience of emotions. Rev. Psychol. 2011, 18, 71-80.

17.  Manning, J.T. Digit Ratio: A Pointer to Fertility, Behavior, and Health; Rutgers University Press: New Brunswick, NJ, USA, 2002.

18. Massimino, S.; Rinella, S.; Buscemi, A.; Similia, E.; Perciavalle, V.; Perciavalle, V,; Petralia, M.C.; Di Corrado, D.; Laspina, A. Digit
ratio, personality and emotions in skydivers. Biomed. Rep. 2019, 10, 39-46. [CrossRef] [PubMed]

19. Manning, ].T. Resolving the role of prenatal sex steroids in the development of digit ratio. Proc. Natl. Acad. Sci. USA 2011, 108,
16143-16144. [CrossRef] [PubMed]

20. Honekopp, J.; Bartholdt, L.; Beier, L.; Liebert, A. Second to fourth digit length ratio (2D:4D) and adult sex hormone levels: New
data and a meta-analytic review. Psychoneuroendocrinology 2007, 32, 313-321. [CrossRef] [PubMed]

21. Bonte, W.; Procher, V.D.; Urbig, D.; Voracek, M. Digit Ratio (2D:4D) predicts self-reported measures of general competitiveness,
but not behavior in economic experiments. Front. Behav. Neurosci. 2017, 11, 238. [CrossRef] [PubMed]

22. Perciavalle, V,; Di Corrado, D.; Petralia, M.C.; Gurrisi, L.; Massimino, S.; Coco, M. The second-to-fourth digit ratio correlates with
aggressivebehavior in professional soccer players. Mol. Med. Rep. 2013, 7, 1733-1738. [CrossRef] [PubMed]

23. Ehrenkranz, J.; Bliss, E.; Sheard, M.H. Plasma testosterone: Correlation with aggressive behavior and social dominance in man.

Psychosom. Med. 1974, 36, 469-475. [CrossRef]


https://www.ncbi.nlm.nih.gov/pubmed/1927668
https://doi.org/10.1002/(SICI)1099-1379(199709)18:5&lt;415::AID-JOB813&gt;3.0.CO;2-G
https://doi.org/10.1037/0021-9010.78.5.723
https://www.ncbi.nlm.nih.gov/pubmed/8253630
https://doi.org/10.1007/s11162-004-4139-z
https://doi.org/10.1007/s12144-020-01302-1
https://doi.org/10.1111/j.1467-8721.2006.00448.x
https://doi.org/10.1007/s10880-017-9494-y
https://doi.org/10.3390/brainsci12040477
https://doi.org/10.1037/0022-3514.85.2.348
https://doi.org/10.3892/br.2018.1174
https://www.ncbi.nlm.nih.gov/pubmed/30588302
https://doi.org/10.1073/pnas.1113312108
https://www.ncbi.nlm.nih.gov/pubmed/21930921
https://doi.org/10.1016/j.psyneuen.2007.01.007
https://www.ncbi.nlm.nih.gov/pubmed/17400395
https://doi.org/10.3389/fnbeh.2017.00238
https://www.ncbi.nlm.nih.gov/pubmed/29276479
https://doi.org/10.3892/mmr.2013.1426
https://www.ncbi.nlm.nih.gov/pubmed/23588344
https://doi.org/10.1097/00006842-197411000-00002

J. Funct. Morphol. Kinesiol. 2023, 8, 97 12 of 12

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Kreuz, L.E.; Rose, R. M. Assessment of aggressive behavior and plasma testosterone in a young criminal population. Psychosom.
Med. 1972, 34, 321-332. [CrossRef]

Persky, H.; Smith, K.D.; Basu, G.K. Relation of psychologic measures of aggression and hostility to testosterone production in
man. Psychosom. Med. 1971, 33, 265-277. [CrossRef]

Coccaro, E.F; Beresford, B.; Minar, P.; Kaskow, J.; Geracioti, T. CSF testosterone: Relationship to aggression, impulsivity, and
venturesomeness in adult males with personality disorder. J. Psychiatr. Res. 2007, 41, 488—492. [CrossRef]

Mazur, A.; Booth, A. Testosterone and dominance in men. Behav. Brain Sci. 1998, 21, 353-363. [CrossRef]

Cashdan, E. Hormones, sex, and status in women. Horm. Behav. 1995, 29, 354-366. [CrossRef] [PubMed]

Bailey, A.A.; Hurd, PL. Finger length ratio (2D:4D) correlates with physical aggression in men but not in women. Biol. Psychol.
2006, 68, 215-222. [CrossRef] [PubMed]

Eachus, P. Finger Length, Digit Ratio and Gender Differences in Sensation Seeking and Internet Self-Efficacy. Issues Inf. Sci. Inf.
Technol. 2007, 4, 691-702.

Wade, T.J.; Shanley, A.; Imm, M. Second to fourth digit ratios and individual differences in women's self-perceived attractiveness,
self-esteem, and body-esteem. Pers. Individ. Differ. 2004, 37, 799-804. [CrossRef]

Evardone, M.; Alexander, G.M. Anxiety, sex-linked behaviors, and digit ratios (2D:4D). Arch. Sex. Behav. 2009, 38, 442—-455.
[CrossRef]

Bailey, A.A.; Hurd, P.L. Depression in man is associated with more feminine finger length ratios. Pers. Individ. Differ. 2005, 39,
829-836. [CrossRef]

Rinella, S.; Massimino, S.; Sorbello, A.; Perciavalle, V.; Coco, M. Cognitive performances: The role of digit ratio (D2:D4) with a
protective factor for anxiety. Front. Neuroergon. 2022, 3, 870362. [CrossRef]

Coco, M.; Perciavalle, V.; Maci, T.; Nicoletti, F.; Di Corrado, D.; Perciavalle, V. The second-to-fourth digit ratio correlates with the
rate of academic performance in medical school students. Mol. Med. Rep. 2011, 4, 471-476.

Kimura, S.; Schaumann, B.A.; Plato, C.C.; Kitagawa, T. Embryological development and prevalence of digital flexion creases.
Anat. Rec. 1990, 226, 249-257. [CrossRef]

Manning, J.T.; Churchill, A.J.; Peters, M. The effect of sex, ethnicity, and sexual orientation on self-measured digit ratio (2D:4D).
Arch. Sex. Behav. 2007, 36, 223-233. [CrossRef]

Caprara, G.V.; Barbaranelli, C.; Borgogni, L.; Vecchione, M. BFQ-2. Big Five Questionnaire 2; Giunti O.S.: Firenze, Italy, 2008.
Spielberger, C.D.; Gorsuch, R.L.; Lushene, R.; Vagg, P.; Jacobs, G.A. Manual for the State-Trait Anxiety Inventory STAI (Form Y):
Self-Evaluation Questionnaire; Pedrabissi, L., Santinello, M., Eds.; Consulting Psychologists Press: Palo Alto, CA, USA; Giunti O.S.:
Firenze, Italy, 1996.

Leal, P.C.; Goes, T.C.; da Silva, L.C.F,; Teixeira Silva, F. Trait vs. state anxiety in different threatening situations. Trends Psychiatry
Psychother. 2017, 39, 147-157. [CrossRef]

Schwarzer, R.; Jerusalem, M. General Self-Efficacy Scale (GSE). [Database record]; APA PsycTests: Washington, DC, USA, 1995.
McNair, D.; Lorr, M.; Droppleman, L.F. Manual for the Profile of Mood States; Farne, M., Sebellico, A., Gnugnoli, D., Corallo, A.,
Eds.; Educational and Industrial Testing Services: San Diego, CA, USA; Giunti, O.S.: Firenze, Italy, 1991.

Balzarotti, S.; John, O.P,; Gross, J.J. An italian adaptation of the emotion regulation Questionnaire. Eur. J. Psychol. Assess. 2010, 26,
61-67. [CrossRef]

Dang, J.; King, K.M.; Inzlicht, M. Why are self-report and behavioral measures weakly correlated? Trends Cogn. Sci. 2020, 24,
267-269. [CrossRef] [PubMed]

Castiblanco Jimenez, I.A.; Gomez Acevedo, ].S.; Marcolin, F; Vezzetti, E.; Moos, S. Towards an integrated framework to measure
user engagement with interactive or physical products. Int. |. Interact. Des. Manuf. 2023, 17, 45-67. [CrossRef]

Shi, H. Inhibition modulated by self-efficacy: An event-related potential study. Front. Psychol. 2022, 13, 904132. [CrossRef]
[PubMed]

Manning, J.T.; Barley, L.; Walton, J.; Lewis-Jones, D.L; Trivers, R.L.; Singh, D.; Thornhill, R.; Rohde, P.; Bereczkei, T.; Henzi, P; et al.
The 2nd: 4th digit ratio, sexual dimorphism, population differences, and reproductive success: Evidence for sexually antagonistic
genes? Evol. Hum. Behav. 2000, 21, 163-183. [CrossRef]

Mathews, G.A ; Fane, B.A.; Conway, G.S.; Brook, C.G.; Hines, M. Personality and congenital adrenal hyperplasia: Possible effects
of prenatal androgen exposure. Horm. Behav. 2009, 55, 285-291. [CrossRef]

Voracek, M.; Dressler, S.G.; Manning, J.T. Evidence for assortative mating on digit ratio (2D:4D), a biomarker for prenatal
androgen exposure. J. Biosoc. Sci. 2007, 39, 599-612. [CrossRef]

Smoliga, ].M.; Fogaca, L.K,; Siplon, ].S.; Goldburt, A.A.; Jakobs, F. Giving science the finger-is the second-to-fourth digit ratio
(2D:4D) a biomarker of good luck? A cross sectional study. BM]J 2021, 375, €067849. [CrossRef]

Rinella, S.; Buscemi, A.; Massimino, S.; Perciavalle, V.; Tortorici, M.M.; Tomaselli, D.G.; Perciavalle, V.; Di Corrado, D.; Coco, M.
Risk-taking behavior, the second-to-fourth digit ratio and psychological features in a sample of cavers. Peer] 2019, 7, €8029. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1097/00006842-197207000-00006
https://doi.org/10.1097/00006842-197105000-00007
https://doi.org/10.1016/j.jpsychires.2006.04.009
https://doi.org/10.1017/S0140525X98001228
https://doi.org/10.1006/hbeh.1995.1025
https://www.ncbi.nlm.nih.gov/pubmed/7490010
https://doi.org/10.1016/j.biopsycho.2004.05.001
https://www.ncbi.nlm.nih.gov/pubmed/15620791
https://doi.org/10.1016/j.paid.2003.11.005
https://doi.org/10.1007/s10508-007-9260-6
https://doi.org/10.1016/j.paid.2004.12.017
https://doi.org/10.3389/fnrgo.2022.870362
https://doi.org/10.1002/ar.1092260214
https://doi.org/10.1007/s10508-007-9171-6
https://doi.org/10.1590/2237-6089-2016-0044
https://doi.org/10.1027/1015-5759/a000009
https://doi.org/10.1016/j.tics.2020.01.007
https://www.ncbi.nlm.nih.gov/pubmed/32160564
https://doi.org/10.1007/s12008-022-01087-6
https://doi.org/10.3389/fpsyg.2022.904132
https://www.ncbi.nlm.nih.gov/pubmed/36237702
https://doi.org/10.1016/S1090-5138(00)00029-5
https://doi.org/10.1016/j.yhbeh.2008.11.007
https://doi.org/10.1017/S0021932006001647
https://doi.org/10.1136/bmj-2021-067849
https://doi.org/10.7717/peerj.8029

	Introduction 
	Materials and Methods 
	Participants 
	Measures 
	Data Analysis 

	Results 
	Digit Ratio (2D:4D) 
	Self-Efficacy and Other Psychological Variables 
	Gender Differences 

	Discussion 
	Conclusions 
	Future Research 
	References

