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Simple Summary: There is evidence that the exposure to more testosterone and less estrogen
hormones before birth, that is, in utero, has a physiological impact on the relation between the index
finger (2D) and the ring finger (4D). This relation is called the 2D:4D-ratio. A lower 2D:4D-ratio
mirrors a longer ring finger (4D), relative to the index finger (2D); a higher 2D:4D-ratio mirrors a
shorter ring finger (4D), relative to the index finger (2D). A higher exposure to testosterone and a
lower exposure to estrogen hormones are associated with a lower 2D:4D-ratio. Further, a higher
exposure to androgen hormones is associated with higher masculine traits. In the present study, we
assessed 460 physically active young male and female adults. We showed that (1) males had lower
2D:4D ratios than females. Next, (2) active females and males had similar personality and mental
toughness traits. (3) Females with more “dark” personality traits had a higher ability to perform
consistently under stress and pressure; such females were mentally tougher. (4) Males with lower
2D:4D-ratios were mentally tougher. Overall, there is evidence that prenatal exposure to androgen
hormones and personality traits in adulthood appear to be related, though, in a different fashion
between male and female adults.

Abstract: There is consistent evidence that prenatal exposures to higher testosterone and lower
estrogen concentrations during the first trimester of embryonal and fetal development are associated
with a lower 2D:4D-ratio, which is to say: The index finger (2D) is shorter, compared to the ring
finger (4D). Compared to non-active, athletes show lower 2D:4D ratios. However, athletes also report
specific personality traits such as mental toughness, assertiveness, and competitive behavior. Here,
we tested if 2D:4D-ratios were related to specific personality traits. We further investigated possible
gender differences. A total of 460 active young adults (mean age: 24.81 years; 67% females) completed
a series of self-rating questionnaires covering sociodemographic information and traits of the dark
triad and mental toughness. Participants also provided a scan of their right palm hand to measure
and calculate 2D:4D-ratios. t-tests, Pearson’s correlations, and multiple regression analysis were
performed to analyze data. Compared to male participants, female participants had a higher 2D:4D-
ratio. Female and male participants did not differ as regards dark triad traits and mental toughness
traits. Irrespective of gender, and based on correlational computations, 2D:4D-ratios were unrelated
to the dark triad (DT) and mental toughness (MT) scores. Higher DT scores were modestly associated
with higher MT scores among females, but not among males. Lower 2D:4D-ratios were associated
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with higher constancy scores and the male gender. The constancy and male gender appeared to be
associated with lower 2D:4D-ratios.

Keywords: 2D:4D-ratio; dark triad; mental toughness; gender; active young adults

1. Introduction

Among highly skilled elite performers, it appears that striving for excellence is asso-
ciated with a combination of physical and psychological factors [1,2]. Specifically, there
is some evidence that individuals exposed prenatally to higher testosterone and lower
estrogen concentrations might have a better physical performance as children [2-4], adoles-
cents [5,0] (but see also [7] for opposite results), and adults [8-15]. Given this background,
the following theoretical foundations and hypotheses were examined.

The relation between the lengths of the index finger (2D) and the lengths of the ring
finger (4D) is called the 2D:4D-ratio [16]. A lower 2D:4D-ratio equals a shorter index finger,
relative to the ring finger; a higher 2D:4D-ratio equals a longer index finger, relative to
the ring finger. There is consistent evidence from animal [17-19] and human studies [16]
that prenatal exposure to higher testosterone concentrations and lower estrogen concen-
trations during the first trimester of embryonal and fetal development leads to a lower
2D:4D-ratio. Evidence comes from studies on congenital adrenal hyperplasia (CAH), a
neuroendocrine dysregulation associated with an increase in the size of the fetal adrenal
glands and an elevated level of fetal androgens. A meta-analysis on this topic showed that
compared to typically developing children, children with CAH had lower 2D:4D-ratios,
and thus more “masculinized” 2D:4D-ratios [20]. Further, when investigating 2D:4D-ratios
among professional elite performers, it appears that a lower 2D:4D-ratio was associated
with higher objectively assessed performance [16]. There is further agreed that a lower
2D:4D-ratio, understood as a proxy of prenatal higher testosterone and lower estrogen
concentrations, does not mechanically and linearly lead to higher physical performance
or even to “better” personality traits and, thus, to a more goal-oriented assertive behavior.
Rather, the prenatally higher testosterone concentration appears to enable the organism
to outperform in case of necessity [16], that is, under challenging conditions. Further,
such patterns were consistently observed among males, and inconsistently among females,
always when compared to non-professionally exercising counterparts [16]. Last, there is
sparse evidence that a lower 2D:4D-ratio was associated with higher Dark Triad traits [21].
Given this background, two further aims of the present study were to compare the 2D:4D-
ratio between male and female young adults, and to investigate if their 2D:4D-ratios were
associated with Dark Triad traits.

Next, there is sufficient evidence that, compared to females, males have lower 2D:4D-
ratios [16,22,23]. In this view, a lower 2D:4D-ratio was associated with higher athletic
performance, though, more so in males, compared to females [20].

Next, and based on previous findings, a lower 2D:4D-ratio was associated with more
assertive behavior. Typically, assertive behavior was assessed with dimensions of typical
male occupations such as car mechanic, builder, carpenter, electric engineer, or inven-
tor [24]. However, against expectations, a lower 2D:4D-ratio was not observed among male
firefighters, when compared to a normal male population [25]. Further, in both men and
women, a lower 2D:4D ratio was statistically significantly associated with higher scores for
aggression, thrill and adventure seeking, and sensation-seeking [26]. Studies also showed
that assertive behavior and high performance in sports and exercising were associated with
higher MT traits [27-29], while for DT, to our knowledge, only two studies have addressed
this research question so far [30]: Among 341 adults, higher DT traits were associated with
higher vigorous physical activity levels. Among 189 athletes, higher DT traits predicted
higher scores in basketball tasks [31].
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Focusing on psychological traits to explain high performance among elite athletes,
both the Dark Triad (DT) and Mental Toughness (MT) demand particular attention.

The Dark Triad (DT) comprises the personality traits of psychopathy, narcissism, and
Machiavellianism. As such, “dark” refers to a socially highly discouraged personality
framework and behavior [32,33]. Nevertheless, it appeared that DT traits were directly and
indirectly associated with higher sports performance [31,34,35]. Further, DT traits were
associated with more masculinity traits and fewer femininity traits among two samples of
college students [36].

Besides DT traits, the concept of mental toughness [37-40] has attracted scientific
attention. Mental toughness refers to cognitive-emotional personality traits consisting of
the Four Cs: namely Commitment to one own’s defined goals, Confidence in oneself and
others; Challenge in that changes are perceived as possibilities to improve, and Control
over one own’s life and behavior [37]. Compared to the concept of resilience [41-43], it
appears the MT offers a broader range of well-established and validated self-rating ques-
tionnaires [29,44-46]. Further, there is extant research among healthy adolescents [47-50],
healthy adults [27,38,51-62], and adult individuals with multiple sclerosis [63,64] to show
that higher MT scores were related to higher physical activity levels.

To our knowledge, only two studies investigated the associations between DT and
MT [30]. A total of 341 young adults (mean age; 29 years; 51% females) completed self-
rating questionnaires on DT and MT. Participants scoring high in MT traits reported also
higher scores on all traits of DT of Machiavellianism, narcissism, and psychopathy. Gender
differences were not observed. Higher scores on narcissism were associated with higher
MT scores among a larger sample of 762 adults [34]. Given this background, the next aims
of the present study were to investigate if the previous pattern of association could be
replicated, and if and to what extent 2D:4D-ratios were associated with MT and DT.

To summarize, there is evidence of the prenatal formation of the 2D:4D-ratio; further,
a lower 2D:4D-ratio was associated with more masculine traits, male gender, and higher
physical activity indices. Next, higher physical activity indices were associated with
personality traits of mental toughness (MT) and Dark Triad (DT).

The present study aimed to investigate the relations between 2D:4D-ratios and the
psychological dimensions of DT and MT among active female and male adults. We further
investigated gender differences.

Based on the scientific background described above, the following four hypotheses
were formulated.

First, following previous findings [16,24], we expected a lower 2D:4D-ratio in male
participants, compared to female participants (HYP1). Second, we predicted that a lower
2D:4D-ratio was associated with higher DT traits [21] (HPY2).

Third following two previous studies [30,34], we expected that MT scores and DT
traits were associated (HYP3).

Fourth, following Jonason and Davis [36], we predicted that male participants reported
higher DT scores, compared to their female counterparts (HYP4).

We claim that the present study had the potential to shed some more light on the
sophisticated and intertwined associations between 2D:4D-ratios, MT, and DT, always
separately for active male and female young adults.

2. Methods
2.1. Procedure

Students participating in university sports competitions from the Tehran, Shiraz, and
Tabriz Universities (Tehran, Shiraz, and Tabriz, Iran) were approached to participate in
the present study. They were fully informed about the aims of the study and the secure
and anonymous data handling. Thereafter, participants signed the written informed
consent. Next, participants completed a booklet of self-rating covering sociodemographic
information, MT, and DT. Last, participants provided a scan of the palm of the right hand
to measure the lengths of the digit and ring finger and calculate the 2D:4D-ratio (see
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details below). The local ethics committee of the Sports Sciences Research Institute of Iran
(SSRIL; Tehran, Iran) approved the study (IR.SSRL.REC.1400.1321), which was performed in
accordance with the current and seventh edition [65] of the Declaration of Helsinki.

2.2. Measures
2.2.1. Sociodemographic Characteristics

Participants included athletic students from university teams in various sports who
routinely practiced their sports. They reported on their gender at birth (male; female) and
age (in years) and their participation in team or individual sports.

2.2.2. Dark Triad

Participants completed the Farsi version [66] of the Dirty Dozen concise measurement
of the Dark Triad [67]. The questionnaire consists of 12-items. Typical items are “I have
used deceit or lied to get my way”; “I tend to manipulate others to get my way”; or “I
tend to be unconcerned with the morality of my actions”. Answers are given on 5-point
Likert-type scales ranging from 1 (=strongly disagree) to 5 (=strongly agree), with higher
sum scores reflecting a more pronounced tendency to DT traits (Cronbach’s alpha = 0.72).

2.2.3. Mental Toughness

Participants completed the Farsi version [68] of the Sport Mental Toughness Ques-
tionnaire (SMTQ) [69]. The questionnaire consists of 14 items and loads on the subscales
Confidence, Constancy, and Control. Typical items are: “I interpret threats as positive
opportunities” (Confidence); “I give up in difficult situations” (Constancy); “I'm overcome
with self-doubt” (Control). Answers are given on 4-point Likert scales, ranging from
1 (=not at all true) to 4 (=very true), with some items being reversed coded. After recording,
a higher sum score reflected a higher mental toughness (Cronbach’s alpha = 0.67).

2.2.4. Digit Ratio Index

The 2D:4D ratio is the most studied digit ratio and is calculated by dividing the length
of the index finger of a given hand by the length of the ring finger of the same hand. Vernier
Caliper with a resolution of 0.01 mm was used for the indirect measurements of the 2nd
(index) and 4th (ring) fingers from the scan of the right palm hand of participants. Mean
digit ratio for women was 0.99, SD = 0.03; men was 0.98, SD = 0.04.

2.2.5. Statistical Analysis

To test the first (compared to females, males have lower 2D:4D-ratios; HYP1) and
fourth hypothesis (males reported higher DT scores than females; HYP4), a series of f-tests
was performed. To answer the second (lower 2D:4D-ratios were associated with higher DT
traits; HYP2) and third hypothesis (higher MT scores and higher DT traits were associated;
HYP3), a series of Pearson’s correlations were performed.

For t-tests, besides p-values, we reported effect sizes (Cohen’s ds) with the following
cut-off values [70-72]: d < 0.19 = trivial effect size; 0.20 < d < 0.49 = small effect size;
0.50 < d < 0.79 = medium effect size; d > 0.80 = large effect size.

For Pearson’s correlation coefficients, the following cut-off values were reported:
r < 0.09 = trivial correlation; 0.10 < r < 0.29 = small correlation; 0.30 < r < 0.49 = medium
correlation; r > 0.50 = large correlation.

For the multiple regression analysis (following others [73,74], preliminary condi-
tions to perform a multiple regression analysis were generally met: the sample size
(n; females = 308; n; males = 152) was >100; the number of predictors x 10 should not
be greater than the sample size (here: 3 x 10 = 30 < 308; 152); predictors should sufficiently
explain the dependent variable (R and R?); and the Durbin-Watson coefficient should be
between 1.5 and 2.5, indicating that the residuals of the predictors were independent of
each other. Last, the variance inflation factors (VIF) to test multicollinearity should be
1 < VIF < 10.
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3. Results
3.1. General Information

A total of 460 individuals (308 females; 67%; mean age: 24.56 years (SD = 1.96);
152 males; 33%; mean age: 25.34 years (SD = 2.18), participated in the study.

3.2. 2D:4D-Ratios, Dark Triad, and Mental Toughness between Male and Female Participants

Table 1 provides the descriptive and statistical overview of dimensions of 2D:4D-ratios
DT and MT traits between male and female participants.

Table 1. Descriptive and inferential statistical overview of 2D:4D-ratios, dimensions of mental
toughness (MT), and dark triad (DT) between female and male participants.

Gender Statistics
Female Male t (458) Cohen’s d
N 308 151
M (SD) M (SD)
2D:4D-ratio 0.995 (0.037) 0.983 (0.036) 3.22 *** 0.32 (S)
Dark Triad
Total score 28.95 (5.70) 30.23 (6.21) 2.19* 0.22 (S)
Machiavellianism 7.01 (2.93) 7.56 (3.07) 1.98 0.18 (T)
Psychopathy 7.76 (2.44) 8.39 (2.25) 2.66 ** 0.27 (S)
Narcissism 14.25 (2.80) 14.25 (3.03) 0.39 0.00 (T)
Mental
toughness
Total score 40.20 (5.54) 40.01 (5.54) 0.35 0.04 (T)
Confidence 17.61 (2.74) 17.31 (2.56) 1.14 0.11 (T)
Constancy 11.24 (2.36) 11.77 (2.29) 227 * 0.23 (S)
Control 11.18 (2.42) 10.94 (2.15) 1.07 0.11 (S)

Notes: * =p <0.05; ** = p < 0.01; ** =p < 0.001. T = trivial effect size; S = small effect size.

Compared to male participants, female participants had a higher 2D:4D-ratio (p = 0.001;
d = 0.32; small effect size).

For DT, compared to male participants, female participants reported lower overall
scores for DT (p = 0.029, d= 0.21; small effect size), and psychopathy (p = 0.008, d = 0.26; small
effect size), but not on Machiavellianism (p = 0.064, d= 0.18; trivial effect size), and narcissism
(p =0.98, d = 0.002; trivial effect size).

For MT, compared to male participants, female participants did not report a different
overall score, or different scores on confidence and control (ps > 0.1; 0.03 < ds > 0.11; always
trivial effect sizes), though, descriptively lower scores for constancy (p = 0.024; d = 0.22; small
effect size).

3.3. Correlations between 2D:4D-Ratio, and Traits of Mental Toughness and Dark Triad among
Female Participants (n = 308)

Table 2 provides the correlational associations (Pearson’s coefficients) between the
2D:4D-ratio, and traits of DT and MT among female participants.

2D:4D-ratios and DT traits were unrelated; thus, the second hypothesis (HYP2) was
rejected. A lower 2D:4D-ratio was associated with higher constancy (small effect size).

Higher DT traits (sum score) were associated with higher scores of Machiavellianism,
psychopathy, and narcissism (large effect sizes), and with lower constancy and control
(small effect sizes). For all other dimensions, correlation coefficients were trivial.

Higher scores of Machiavellianism were associated with higher psychopathy and
narcissism (small to medium effect sizes), and lower confidence (small effect size). For all
other dimensions, correlation coefficients were trivial.
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Table 2. Correlational associations (Pearson’s coefficients) between 2D:4D-ratio, mental toughness,
and dark triad traits among female participants (1 = 308).

Dimensions
Dimensions 211{); ?i](?- "l]?r ?;1‘; Machiavellianism  Psychopathy = Narcissism T(%I;}I:relss Confidence Constancy Control
2D:4D-ratio - 0.02 —0.04 0.03 0.04 —0.10 —0.03 —0.20 ** 0.02
Dark Triad - 0.78 ** 0.64 ** 0.62 ** —0.02 —0.05 —0.15** 0.12%
Machiavellianism - 0.34 *** 0.22 *** —0.05 —0.15 ** —0.02 0.07
Psychopathy - 0.08 —0.23 * —0.19 ** —0.25 ** —0.15*
Narcissism - 0.21 *** 0.20 ** —0.07 0.31 ***
Mental toughness - 0.83 *** 0.68 *** 0.61 ***
Confidence - 0.47 *** 0.37 ***
Constancy - 0.10
Control -
Notes: * = p < 0.05; ** = p < 0.01; ** = p < 0.001.

Higher scores of psychopathy were associated with lower dimensions of mental
toughness, confidence, constancy, and control (small effect sizes).

Higher scores of narcissism were associated with higher mental toughness, confidence,
and control (small effect sizes).

Mental toughness traits were highly interrelated (medium to large effect sizes. Excep-
tion: Constancy and control were not associated.

Overall, 2D:4D-ratio was not associated with MT and DT traits; some higher DT
traits were both negatively and positively associated with MT traits, though, effect sizes
were small.

3.4. Correlations between 2D:4D-Ratio, and Traits of Mental Toughness and Dark Triad among
Male Participants (n = 152)

Table 3 reports the correlational associations (Pearson’s coefficients) between the
2D:4D-ratio, and traits of mental toughness and dark triad among male participants.
Table 3. Correlational associations (Pearson’s coefficients) between 2D:4D-ratio, mental toughness,
and dark triad traits among male participants (n = 152).

Dimensions
Dimensions 211{):1: :li](?- "l]?r ?;1‘; Machiavellianism  Psychopathy = Narcissism T(%I;}I:relss Confidence Constancy Control
2D:4D-ratio - —-0.02 -0.10 —0.02 0.11 —0.15 —0.09 —021* -0.03
Dark Triad - 0.76 *** 0.71 *** 0.77 *** 0.12 0.06 0.04 0.11
Machiavellianism - 0.36 *** 0.32 *** 0.04 0.01 0.04 0.02
Psychopathy - 0.38 *** 0.00 0.06 —0.07 0.01
Narcissism - 0.24 ** 0.19* 0.08 0.23 **
Mental toughness - 0.80 *** 0.65 *** 0.75 ***
Confidence - 0.27 ** 0.53 ***
Constancy - 0.21*
Control -

Notes: * = p < 0.05; ** = p < 0.01; ** = p < 0.001.

A lower 2D:4D-ratio was associated with higher constancy (small effect size).

2D:4D-ratios and DT traits were unrelated.

Higher DT traits (sum score) were associated with higher scores of Machiavellianism,
psychopathy, and narcissism (large effect sizes), while no associations were observed with
MT traits.

Higher scores of Machiavellianism were associated with higher psychopathy and
narcissism (medium effect sizes), while no associations were observed with MT traits.

Higher scores of psychopathy were associated with higher narcissism (medium effect
size), while no associations were observed with MT traits.

Higher scores of narcissism were associated with higher mental toughness, confidence,
and control (small effect sizes).
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Mental toughness traits were highly interrelated (medium to large effect sizes). Excep-
tion: Constancy and control were modestly associated.

Overall, 2D:4D-ratio was not associated with MT and DT traits; some higher DT traits
were not associated with MT traits.

To summarize the associations observed among female and male participants, as a
general pattern, 2D:4D-ratios were unrelated to DT and MT scores, and DT scores were
modestly associated with MT scores among females, but not among males.

3.5. Gender, Mental Toughness Traits, and Dark Triad Traits to Predict 2D:4D-Ratios

A multiple regression analysis was performed to predict 2D:4D-ratios; predictors were
gender, traits of mental toughness, and dark triad. Table 4 reports the results.

Table 4. Dimensions to predict 2D:4D-ratios; multiple regression analysis.

Standard Coefficient Durbin-

Dimension Variables  Coefficient Error B t P R R2 Watson VIF
leﬁ(])} Constant 1.04 0.009 - 110.90 0.000 0.247  0.061 2.02

Constancy —0.003 0.001 —0.198 4.339 0.001 1.011

Gender —0.010 0.004 —0.128 2.809 0.005 1.011

Notes: VIF = Variance Inflation Factor. Coding of gender: 1 = female; 2 = male.

Higher scores of constancy predicted lower 2D:4D-ratios; simply put: Participants with
higher scores of constancy had lower 2D:4D-ratios. Next, the male gender was associated
with lower 2D:4D-ratios. Dimensions of MT and DT were excluded from the equation, as
they did not reach statistical significance.

We answered the third research question (RQ3): Both a higher score of constancy and
male gender predicted lower 2D:4D-ratios, though, R (0.247) and R? (0.061) were modest:
Both constancy scores and male gender predicted 6.1% of the variance of the 2D:4D-ratios;
accordingly, 93.9% of the variance of the 2D:4D-ratios remained unexplained.

4. Discussion

The present study aimed to investigate the associations between 2D:4D-ratios, dark
triad, and mental toughness traits among physically active female and male young adults.
The key findings were as follows: First, compared to male participants, female participants
showed higher 2D:4D-ratios. Second, both female and male participants did not differ as
regards mental toughness traits, though, compared to males, females reported lower scores
for DT traits. Third, 2D:4D-ratios were unrelated to DT and MT scores, and fourth, DT
scores were modestly associated with MT scores among females, but not among males.
Fifth, lower 2D:4D-ratios were associated with higher constancy and male gender.

With the first hypothesis (HYP1) we assumed that relative to their female counter-
parts, male participants showed lower 2D:4D-ratios, and data did confirm this. Thus, we
replicated what has been observed before [16,24]. The theoretical basis is that compared
to females, males are exposed to higher testosterone and lower estrogen concentrations
during the first trimester of embryonal and fetal development. The novelty of the result is
that such a pattern has been observed among active young adults in Iran.

With the second hypothesis (HYP2), we predicted that a lower 2D:4D-ratio was associ-
ated with higher DT traits, though data did not confirm this. Given this, we did not confirm
what has been observed before [21]. A closer comparison of the present data compared
with those of Borraz-Leon et al. [21] revealed that they observed a correlation coefficient
of r = 0.21 between the 2D:4D-ratio of the left hand and narcissism among 119 healthy
college students, while in the present study, 2D:4D-ratios of the right hand of active young
adults were assessed; as such, systematic biases of samples and assessment measured
might explain the mismatch of results. However, the relation between 2D:4D and spatial
abilities (i.e., cognitive functions) has been confirmed in the previous research [75].
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With the third hypothesis (HYP3) we expected that MT scores and DT traits were
associated; this was confirmed for female, but not for male participants. As such, we could
partly confirm what has been observed in two previous studies [30,34].

With the fourth hypothesis (HYP4) we predicted that male participants reported higher
DT scores, compared to their female counterparts, and this was confirmed. Thus, we could
confirm previous data [36] and expand upon them, in that such patterns were observed
also among a larger group of Iranian active young adults.

We further asked if females reported lower MT scores, compared to male participants,
and the answer was no. Previous studies showed that MT scores were associated with
higher physical activity and exercise scores [30,47,48,51,63,64,76-78] and that such physical
activity and exercise levels were associated with dimensions of psychological functioning.
Given this, it is conceivable that the sample of active young adults was too homogeneous
in their physical activity levels and psychological functioning, such to preclude higher
statistical variance and thus a more meaningful pattern. In this view, the standard devi-
ations for the DT and MT scores reported in Table 1 might suggest that this could be the
case. Given such low variances, the odds to observe “interesting” correlation coefficients
also decreased. A further possibility is that there was no association between the two
personality dimensions.

In addition, we asked if lower 2D:4D-ratios were associated with higher MT scores,
and the answer was yes, though among female, but not among male participants, and just
for the dimension Constancy.

Constancy is understood as the attitude to remain persistent and to strive for one’s
goals irrespective of and despite difficult situations and obstacles. As such, it appears that
constancy might be best mirrored as hardiness [79,80] and resilience [41,81,82]. The present
data expand upon the current literature in that we could show that lower 2D:4D-ratios,
and thus higher testosterone and lower estrogen concentrations during the first trimester
of embryonal and fetal development, were associated with the current personality trait
of mental toughness. As such, we follow others [16] and claim that prenatal exposure to
male sex steroids concentrations does not directly impact current behavior and personality
traits, but enables the organism to (out-) perform in case of necessity. In such a context,
constancy is understood as the cognitive—emotional appraisal to (out-)perform under
challenging circumstances.

Last, we asked, which factors (MT, DT, and gender) could more accurately predict
2D:4D-ratios; the answer was that the combination of male gender and higher constancy
scores predicted lower 2D:4D-ratios, that is, higher exposure to testosterone during the
prenatal and fetal development and the current attitude to (out-) perform in case of necessity.
As such, the results of the regression analysis confirmed what has been observed and
discussed above.

Despite the novelty of the present study findings, several limitations should be con-
sidered. First, the cross-sectional nature of the study does not allow for drawing causal
conclusions. A future and longitudinal study design might solve such an issue. Second, it is
conceivable that further latent and unassessed psychological dimensions such as symptoms
of depression and anxiety might have biased two or more dimensions in the same or
opposite directions. Given this, future studies should assess participants” psychological
functioning more broadly and both via self- and experts’ ratings. Third, while the athlete
status was an inclusion criterion, current physical activity and exercising patterns in terms
of frequency, duration, and intensity were not assessed. Future studies should consider this
confounder. Fourth, the introduction of a control group consisting of non-athletes would
have allowed us to judge if, and to what extent, the present pattern of results is specific to
adult athletes, or merely general to individuals in young adulthood.

5. Conclusions

Among active female and male young adults, 2D:4D-ratios as a proxy of prenatal
exposure to higher testosterone and lower estrogen concentrations are associated with
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specific psychological dimensions such as DT and MT traits in a gender-specific fashion.
Further, MT traits of constancy and male gender predicted lower 2D:4D-ratios. Lastly, while
statistically significant gender differences were observed for 2D:4D ratio, DT, psychopathy,
and constancy, effect sizes were small or trivial. Given this, the pattern of results should be
interpreted with caution.

Author Contributions: Conceptualization, SH.Z.S., G.B., S.B., D.S.-B. and M.T.A.; methodology,
S.H.ZS., S.B., D.S.-B. and Z.F,; formal analysis, S.H.Z.S. and K.A.; investigation, S.H.Z.S. and K.A; re-
sources, S.H.Z.S., G.B. and K.A; data curation, S.H.Z.S.; writing—original draft preparation, S.H.Z.S.,
S.B., G.B.,, D.S.-B. and Z.F; writing—review and editing, S.B. and D.S.-B.; project administration,
S.H.Z.S.; funding acquisition, S.H.Z.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded in the framework of the TabrizU-300 program, by University of
Tabriz, International and Academic Cooperation Directorate.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki.

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

Acknowledgments: This work has been supported by the University of Tabriz, International and
Academic Cooperation Directorate, in the framework of the TabrizU-300 program. We would like to
say thank you to that directorate.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1. Acevedo, E.O.; Ekkekakis, P. Psychobiology of Physical Activity; Human Kinetics: Champaign, IL, USA, 2006.

2. Ranson, R; Stratton, G.; Taylor, S. Digit ratio (2D:4D) and physical fitness (Eurofit test battery) in school children. Early Hum. Dev.
2015, 91, 327-331. [CrossRef] [PubMed]

3. Wang, Y.; Wang, H.L,; Li, YH.; Zhu, EL.; Li, S.J.; Ni, H. Using 2D:4D digit ratios to determine motor skills in children. Eur. Rev.
Med. Pharmacol. Sci. 2016, 20, 806-809. [PubMed]

4. Lombardo, M.P,; Otieno, S. The associations between digit ratio, aerobic fitness, physical skills, and overall physical fitness of elite
youth distance runners. Am. J. Hum. Biol. 2020, 33, €23448. [CrossRef] [PubMed]

5. Lombardo, M.P; Otieno, S.; Heiss, A. College-aged women in the United States that play overhand throwing sports have
masculine digit ratios. PLoS ONE 2018, 13, e0203685. [CrossRef]

6.  Nobari, H.; Alves, A.R; Clemente, EM.; Pérez-Gémez, J. Influence of 2D:4D ratio on fitness parameters and accumulated training
load in elite youth soccer players. BMC Sports Sci. Med. Rehabil. 2021, 13, 125. [CrossRef]

7.  Peeters, M.W,; Van Aken, K,; Claessens, A.L. The Left Hand Second to Fourth Digit Ratio (2D:4D) Is Not Related to Any Physical
Fitness Component in Adolescent Girls. PLoS ONE 2013, 8, e59766. [CrossRef]

8.  Crewther, B.T.; Cook, C. The digit ratio (2D:4D) relationship with testosterone is moderated by physical training: Evidence of
prenatal organizational influences on activational patterns of adult testosterone in physically-active women. Early Hum. Dev.
2019, 131, 51-55. [CrossRef]

9.  Dyer, M,; Short, S.E.; Short, M.; Manning, J.T.; Tomkinson, G.R. Relationships between the second to fourth digit ratio (2D:4D)
and game-related statistics in semi-professional female basketball players. Am. J. Hum. Biol. 2017, 30, €23070. [CrossRef]

10. Eklund, E.; Ekstrom, L.; Thorngren, J.-O.; Ericsson, M.; Berglund, B.; Hirschberg, A.L. Digit Ratio (2D:4D) and Physical
Performance in Female Olympic Athletes. Front. Endocrinol. 2020, 11, 292. [CrossRef]

11.  Frick, N.A.; Hull, M.J.; Manning, ].T.; Tomkinson, G.R. Relationships between digit ratio (2D:4D) and basketball performance in
Australian men. Am. . Hum. Biol. 2016, 29, €22937. [CrossRef]

12.  Hull, M.J.; Schranz, N.K.; Manning, J.T.; Tomkinson, G.R. Relationships between digit ratio (2D:4D) and female competitive
rowing performance. Am. ]. Hum. Biol. 2014, 27, 157-163. [CrossRef] [PubMed]

13. Kilduff, L.P,; Cook, C.J.; Manning, J.T. Digit ratio (2D:4D) and performance in male surfers. J. Strength Cond. Res. 2011, 25,
3175-3180. [CrossRef] [PubMed]

14. Koziel, S.; Kociuba, M.; Chakraborty, R.; Ignasiak, Z. Physical fitness and digit ratio (2D:4D) in male students from Wroctaw,
Poland. Coll. Antropol. 2017, 41, 31-37. [PubMed]

15.  Voracek, M.; Reimer, B.; Dressler, S.G. Digit ratio (2D:4D) predicts sporting success among female fencers independent from

physical, experience, and personality factors. Scand. |. Med. Sci. Sports 2009, 20, 853-860. [CrossRef]


http://doi.org/10.1016/j.earlhumdev.2015.03.005
http://www.ncbi.nlm.nih.gov/pubmed/25846842
http://www.ncbi.nlm.nih.gov/pubmed/27010133
http://doi.org/10.1002/ajhb.23448
http://www.ncbi.nlm.nih.gov/pubmed/32501636
http://doi.org/10.1371/journal.pone.0203685
http://doi.org/10.1186/s13102-021-00354-5
http://doi.org/10.1371/journal.pone.0059766
http://doi.org/10.1016/j.earlhumdev.2019.02.008
http://doi.org/10.1002/ajhb.23070
http://doi.org/10.3389/fendo.2020.00292
http://doi.org/10.1002/ajhb.22937
http://doi.org/10.1002/ajhb.22627
http://www.ncbi.nlm.nih.gov/pubmed/25242253
http://doi.org/10.1519/JSC.0b013e318212de8e
http://www.ncbi.nlm.nih.gov/pubmed/21993037
http://www.ncbi.nlm.nih.gov/pubmed/29139646
http://doi.org/10.1111/j.1600-0838.2009.01031.x

Biology 2022, 11, 864 10 of 12

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

Manning, J.; Kilduff, L.; Cook, C.; Crewther, B.; Fink, B. Digit Ratio (2D:4D): A Biomarker for Prenatal Sex Steroids and Adult Sex
Steroids in Challenge Situations. Front. Endocrinol. 2014, 5, 9. [CrossRef]

Manno, FE.A M. Measurement of the digit lengths and the anogenital distance in mice. Physiol. Behav. 2008, 93, 364-368. [CrossRef]
Auger, J.; Le Denmat, D.; Berges, R.; Doridot, L.; Salmon, B.; Canivenc-Lavier, M.C.; Eustache, F. Environmental levels of
oestrogenic and antiandrogenic compounds feminize digit ratios in male rats and their unexposed male progeny. Proc. R. Soc. B
Biol. Sci. 2013, 280, 20131532. [CrossRef]

Brown, WM.; Finn, C.J.; Breedlove, S.M. Sexual dimorphism in digit-length ratios of laboratory mice. Anat. Rec. 2002, 267,
231-234. [CrossRef]

Honekopp, J.; Watson, S. Meta-analysis of digit ratio 2D:4D shows greater sex difference in the right hand. Am. J. Hum. Biol. 2010,
22, 619-630. [CrossRef]

Borraz-Leon, J.I; Rantala, M.].; Cerda-Molina, A L. Digit ratio (2D:4D) and facial fluctuating asymmetry as predictors of the dark
triad of personality. Pers. Individ. Differ. 2018, 137, 50-55. [CrossRef]

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]

Van Honk, J.; Schutter, D.J.; Bos, P.A.; Kruijt, A.W.; Lentjes, E.G.; Baron-Cohen, S. Testosterone administration impairs cognitive
empathy in women depending on second-to-fourth digit ratio. Proc. Natl. Acad. Sci. USA 2011, 108, 3448-3452. [CrossRef]
[PubMed]

Manning, J.T.; Trivers, R.; Fink, B. Is Digit Ratio (2D:4D) Related to Masculinity and Femininity? Evidence from the BBC Internet
Study. Evol. Psychol. Sci. 2017, 3, 316-324. [CrossRef]

Voracek, M.; Pum, U.; Dressler, 5.G. Investigating digit ratio (2D:4D) in a highly male-dominated occupation: The case of
firefighters. Scand. J. Psychol. 2010, 51, 146-156. [CrossRef] [PubMed]

Hampson, E.; Ellis, C.L.; Tenk, C.M. On the Relation Between 2D:4D and Sex-Dimorphic Personality Traits. Arch. Sex. Behav. 2007,
37,133-144. [CrossRef] [PubMed]

Bull, S.J.; Shambrook, C.J.; James, W.; Brooks, J.E. Towards an Understanding of Mental Toughness in Elite English Cricketers.
J. Appl. Sport Psychol. 2005, 17, 209-227. [CrossRef]

Gucciardi, D.F; Hanton, S.; Fleming, S. Are mental toughness and mental health contradictory concepts in elite sport? A narrative
review of theory and evidence. J. Sci. Med. Sport 2017, 20, 307-311. [CrossRef]

Vaughan, R.; Hanna, D.; Breslin, G. Psychometric properties of the Mental Toughness Questionnaire 48 (MTQ48) in elite, amateur
and nonathletes. Sport Exerc. Perform. Psychol. 2018, 7, 128-140. [CrossRef]

Brand, S.; Sabouri, S.; Gerber, M.; Bahmani, D.S.; Lemola, S.; Clough, P.; Kalak, N.; Shamsi, M.; Holsboer-Trachsler, E. Examining
Dark Triad traits in relation to mental toughness and physical activity in young adults. Neuropsychiatr. Dis. Treat. 2016, 12,
229-235. [CrossRef]

Vaughan, R.S.; Madigan, D.J. The winner takes it all: The mediating role of competitive orientations in the Dark Triad and sport
task performance relationship. Eur. J. Sport Sci. 2020, 21, 1183-1192. [CrossRef]

FFurnham, A.; Richards, S.C.; Paulhus, D.L. The Dark Triad of Personality: A 10 Year Review. Soc. Pers. Psychol. Compass 2013, 7,
199-216. [CrossRef]

Veselka, L.; Vernon, P.A. Introduction to the special issue on the Dark Triad and related traits. Pers. Individ. Differ. 2014, 67, 1.
[CrossRef]

Vaughan, R.; Carter, G.L.; Cockroft, D.; Maggiorini, L. Harder, better, faster, stronger? Mental toughness, the dark triad and
physical activity. Personal. Individ. Differ. 2018, 131, 206-211. [CrossRef]

Vaughan, R.; Madigan, D.J.; Carter, G.L.; Nicholls, A.R. The Dark Triad in male and female athletes and non-athletes: Group
differences and psychometric properties of the Short Dark Triad (SD3). Psychol. Sport Exerc. 2019, 43, 64-72. [CrossRef]
Jonason, PK.; Davis, M.D. A gender role view of the Dark Triad traits. Pers. Individ. Differ. 2018, 125, 102-105. [CrossRef]
Clough, P; Earle, K.; Sewell, D. Mental Toughness: The Concept and Its Measurement. In Solutions in Sport Psychology;
Cockerill, LM., Ed.; Cengage Learning EMEA: Andover, UK, 2002; pp. 32—-43.

Crust, L.; Clough, PJ. Relationship between Mental Toughness and Physical Endurance. Percept. Mot. Ski. 2005, 100, 192-194.
[CrossRef]

Dewhurst, S.A.; Anderson, R.J.; Cotter, G.; Crust, L.; Clough, PJ. Identifying the cognitive basis of mental toughness: Evidence
from the directed forgetting paradigm. Pers. Individ. Differ. 2012, 53, 587-590. [CrossRef]

Lin, Y.; Mutz, J.; Clough, PJ.; Papageorgiou, K.A. Mental toughness and individual differences in learning, educational and work
performance, psychological well-being, and personality: A systematic review. Front. Psychol. 2017, 8, 1345. [CrossRef]

Lang, U. Resilienz—Resilience; Kohlhammer: Stuttgart, Germany, 2019.

Leak, RK.; Calabrese, E.J.; Kozumbo, W.].; Gidday, ].M.; Johnson, T.E.; Mitchell, J.R.; Ozaki, C.K.; Wetzker, R.; Bast, A,;
Belz, R.G.; et al. Enhancing and Extending Biological Performance and Resilience. Dose-Response 2018, 16, 1559325818784501.
[CrossRef]

Masten, A.S.; Best, KM.; Garmezy, N. Resilience and development: Contributions from the study of children who overcome
adversity. Dev. Psychopathol. 1990, 2, 425-444. [CrossRef]


http://doi.org/10.3389/fendo.2014.00009
http://doi.org/10.1016/j.physbeh.2007.09.011
http://doi.org/10.1098/rspb.2013.1532
http://doi.org/10.1002/ar.10108
http://doi.org/10.1002/ajhb.21054
http://doi.org/10.1016/j.paid.2018.08.008
http://doi.org/10.1016/S1090-5138(00)00029-5
http://doi.org/10.1073/pnas.1011891108
http://www.ncbi.nlm.nih.gov/pubmed/21300863
http://doi.org/10.1007/s40806-017-0098-4
http://doi.org/10.1111/j.1467-9450.2009.00758.x
http://www.ncbi.nlm.nih.gov/pubmed/19954495
http://doi.org/10.1007/s10508-007-9263-3
http://www.ncbi.nlm.nih.gov/pubmed/18075733
http://doi.org/10.1080/10413200591010085
http://doi.org/10.1016/j.jsams.2016.08.006
http://doi.org/10.1037/spy0000114
http://doi.org/10.2147/NDT.S97267
http://doi.org/10.1080/17461391.2020.1825822
http://doi.org/10.1111/spc3.12018
http://doi.org/10.1016/j.paid.2014.03.027
http://doi.org/10.1016/j.paid.2018.05.002
http://doi.org/10.1016/j.psychsport.2019.01.002
http://doi.org/10.1016/j.paid.2018.01.004
http://doi.org/10.2466/pms.100.1.192-194
http://doi.org/10.1016/j.paid.2012.04.036
http://doi.org/10.3389/fpsyg.2017.01345
http://doi.org/10.1177/1559325818784501
http://doi.org/10.1017/S0954579400005812

Biology 2022, 11, 864 11 of 12

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.
58.
59.
60.
61.
62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

Afsanehporak, S.A.; Vaezemousavi, M.K. Validity and reliability of the Persian version of mental toughness questionnaire
48 (MTQ48). Sport Manag. Mot. Behav. 2014, 10, 39-54.

Gucciardi, D.F,; Hanton, S.; Mallett, C.J. Progressing measurement in mental toughness: A case example of the Mental Toughness
Questionnaire 48. Sport Exerc. Perform. Psychol. 2012, 1, 194-214. [CrossRef]

Perry, J.L.; Clough, PJ.; Crust, L.; Earle, K.; Nicholls, A.R. Factorial validity of the Mental Toughness Questionnaire-48. Pers.
Individ. Differ. 2013, 54, 587-592. [CrossRef]

Brand, S.; Kalak, N.; Gerber, M.; Clough, PJ.; Lemola, S.; Piihse, U.; Holsboer-Trachsler, E. During early and mid-adolescence,
greater mental toughness is related to increased sleep quality and quality of life. J. Health Psychol. 2014, 21, 905-915. [CrossRef]
[PubMed]

Brand, S.; Kalak, N.; Gerber, M.; Clough, PJ.; Lemola, S.; Sadeghi Bahmani, D.; Piihse, U.; Holsboer-Trachsler, E. During early to
mid adolescence, moderate to vigorous physical activity is associated with restoring sleep, psychological functioning, mental
toughness and male gender. |. Sports Sci. 2017, 35, 426—434. [CrossRef]

Gerber, M.; Brand, S.; Feldmeth, A.K,; Lang, C.; Elliot, C.; Holsboer-Trachsler, E.; Piihse, U. Adolescents with high mental
toughness adapt better to perceived stress: A longitudinal study with Swiss vocational students. Pers. Individ. Differ. 2013, 54,
808-814. [CrossRef]

Gerber, M.; Kalak, N.; Lemola, S.; Clough, PJ.; Perry, J.L.; Piihse, U.; Elliot, C.; Holsboer-Trachsler, E.; Brand, S. Are adolescents
with high mental toughness levels more resilient against stress? Stress Health 2013, 29, 164-171. [CrossRef]

Jahangard, L.; Rahmani, A.; Haghighi, M.; Ahmadpanah, M.; Sadeghi Bahmani, D.; Soltanian, A.R.; Shirzadi, S.; Bajoghli, H.;
Gerber, M.; Holsboer-Trachsler, E.; et al. “Always look on the bright side of life!”—Higher hypomania scores are associated with
higher mental toughness, increased physical activity, and lower symptoms of depression and lower sleep complaints. Front.
Psychol. 2017, 8, 2130. [CrossRef]

Stamp, E.; Crust, L.; Swann, C.; Perry, J.; Clough, P.; Marchant, D. Relationships between mental toughness and psychological
wellbeing in undergraduate students. Pers. Individ. Differ. 2015, 75, 170-174. [CrossRef]

Andersen, M.B. Who's mental, who's tough and who’s both? Mutton constructs dressed up as lamb. In Mental Toughness in
Sport: Developments in Theory and Research; Gucciardi, D., Gordon, S., Eds.; Routledge/Taylor & Francis Group: London, UK, 2013;
pp- 69-88.

Arthur, C.A,; Fitzwater, J.; Hardy, L.; Beattie, S.; Bell, J. Development and Validation of a Military Training Mental Toughness
Inventory. Mil. Psychol. 2015, 27, 232-241. [CrossRef]

Beck, N.M. Mental Toughness: An Analysis of Sex, Race, and Mood; University of North Texas: Denton, TX, USA, 2012.

Jones, G.; Hanton, S.; Connaughton, D. A Framework of Mental Toughness in the World’s Best Performers. Sport Psychol. 2007, 21,
243-264. [CrossRef]

Coulter, T.J.; Mallett, C.J.; Gucciardi, D.F. Understanding mental toughness in Australian soccer: Perceptions of players, parents,
and coaches. J. Sports Sci. 2010, 28, 699-716. [CrossRef] [PubMed]

Cowden, R.G.; Clough, PJ.; Asante, K.O. Mental Toughness in South African Youth. Psychol. Rep. 2017, 120, 271-289. [CrossRef]
[PubMed]

Crust, L. Mental toughness in sport: A review. Int. ]. Sport Exerc. Psychol. 2007, 5, 270-290. [CrossRef]

Liew, G.C.; Kuan, G.; Chin, N.S.; Hashim, H.A. Mental toughness in sport. Ger. J. Exerc. Sport Res. 2019, 49, 381-394. [CrossRef]
Mack, M.G.; Ragan, B.G. Development of the Mental, Emotional, and Bodily Toughness Inventory in Collegiate Athletes and
Nonathletes. J. Athl. Train. 2008, 43, 125-132. [CrossRef]

Nicholls, A.R.; Polman, R.C.; Levy, A.R.; Backhouse, S.H. Mental toughness, optimism, pessimism, and coping among athletes.
Personal. Individ. Differ. 2008, 44, 1182-1192. [CrossRef]

Sadeghi Bahmani, D.; Esmaeili, L.; Shaygannejad, V.; Gerber, M.; Kesselring, J.; Lang, U.E.; Holsboer-Trachsler, E.; Brand, S.
Stability of mental toughness, sleep disturbances, and physical activity in patients with multiple sclerosis (MS)—A longitudinal
and pilot study. Front. Psychiatry 2018, 9, 182. [CrossRef]

Bahmani, D.S.; Gerber, M.; Kalak, N.; Lemola, S.; Clough, PJ.; Calabrese, P.; Shaygannejad, V.; Piihse, U.; Holsboer-Trachsler, E.;
Brand, S. Mental toughness, sleep disturbances, and physical activity in patients with multiple sclerosis compared to healthy
adolescents and young adults. Neuropsychiatr. Dis. Treat. 2016, 12, 1571-1579.

World Medical Association. World Medical Association Declaration of Helsinki: Ethical principles for medical research involving
human subjects. JAMA 2013, 310, 2191-2194. [CrossRef]

Yousefi, R.; Piri, F. Psychometric properties of Persian version of Dirty Dozen Scale. Iran. ]. Psychiatry Clin. Psychol. 2016, 22,
67-76.

Jonason, PK.; Webster, G.D. The dirty dozen: A concise measure of the dark triad. Psychol. Assess. 2010, 22, 420-432. [CrossRef]
[PubMed]

Kashani, V.; Kashani, V.; Farokhi, A.; Kazemnejad, A.; Shaikh, M. Validity and reliability of the Persian version of Sport Mental
Toughness Questionnaire (SMTQ). Mot Behav. 2015, 20, 15-26. (In Persian)

Sheard, M.; Golby, J.; Van Wersch, A. Progress Toward Construct Validation of the Sports Mental Toughness Questionnaire
(SMTQ). Eur. . Psychol. Assess. 2009, 25, 186-193. [CrossRef]

Cohen, ]. A power primer. Psychol. Bull. 1992, 112, 155-159. [CrossRef]

Cobhen, ]. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: Mahwah, NJ, USA, 1988.


http://doi.org/10.1037/a0027190
http://doi.org/10.1016/j.paid.2012.11.020
http://doi.org/10.1177/1359105314542816
http://www.ncbi.nlm.nih.gov/pubmed/25060987
http://doi.org/10.1080/02640414.2016.1167936
http://doi.org/10.1016/j.paid.2012.12.003
http://doi.org/10.1002/smi.2447
http://doi.org/10.3389/fpsyg.2017.02130
http://doi.org/10.1016/j.paid.2014.11.038
http://doi.org/10.1037/mil0000074
http://doi.org/10.1123/tsp.21.2.243
http://doi.org/10.1080/02640411003734085
http://www.ncbi.nlm.nih.gov/pubmed/20496223
http://doi.org/10.1177/0033294116687516
http://www.ncbi.nlm.nih.gov/pubmed/28558619
http://doi.org/10.1080/1612197X.2007.9671836
http://doi.org/10.1007/s12662-019-00603-3
http://doi.org/10.4085/1062-6050-43.2.125
http://doi.org/10.1016/j.paid.2007.11.011
http://doi.org/10.3389/fpsyt.2018.00182
http://doi.org/10.1001/jama.2013.281053
http://doi.org/10.1037/a0019265
http://www.ncbi.nlm.nih.gov/pubmed/20528068
http://doi.org/10.1027/1015-5759.25.3.186
http://doi.org/10.1037/0033-2909.112.1.155

Biology 2022, 11, 864 12 0of 12

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.
82.

Sawilowsky, S. New Effect Size Rules of Thumb. J. Mod. Appl. Stat. Methods 2009, 8, 597-599. [CrossRef]

Hair, J.F; Black, C.W.; Babin, B.J.; Anderson, R.E. Multivariate Data Analysis, 7th ed.; Pearson Education Limited: Essex, UK, 2014.
Brosius, F. SPSS: Umfassendes Handbuch zu Statistik und Datenanalyse—Comprehensive Textbook for Statistics and Data Analysis; Mitp
Verlags GmBH & Co.: Frechen, Germany, 2018.

Miiller, N.; Campbell, S.; Nonaka, M.; Rost, T.; Pipa, G.; Konrad, B.; Steiger, A.; Czisch, M.; Fernandez, G.; Dresler, M.; et al. 2D:4D
and spatial abilities: From rats to humans. Neurobiol. Learn. Mem. 2018, 151, 85-87. [CrossRef]

Cao, Z.; Yang, Y.; Ding, W.; Huang, Z. From Physical Activity Intention to Behavior: The Moderation Role of Mental Toughness
Among College Students and Wage Earners. Front. Psychol. 2021, 12, 584760. [CrossRef]

Gerber, M,; Kalak, N.; Lemola, S.; Clough, PJ.; Piihse, U.; Elliot, C.; Holsboer-Trachsler, E.; Brand, S. Adolescents’ exercise and
physical activity are associated with mental toughness. Ment. Health Phys. Act. 2012, 5, 35-42. [CrossRef]

Hannan, T.E.; Moffitt, R.L.; Neumann, D.L.; Thomas, P.R. Applying the Theory of Planned Behavior to Physical Activity: The
Moderating Role of Mental Toughness. ]. Sport Exerc. Psychol. 2015, 37, 514-522. [CrossRef]

Kobasa, S.C. Stressful life events, personality, and health: An inquiry into hardiness. . Personal. Soc. Psychol. 1979, 37, 1-11.
[CrossRef]

Kobasa, 5.C.; Maddi, S.R.; Kahn, S. Hardiness and health: A prospective study. J. Personal. Soc. Psychol. 1982, 42, 168-177.
[CrossRef]

Bonanno, G.A.; Papa, A.; O'Neill, K. Loss and human resilience. Appl. Prev. Psychol. 2001, 10, 193-206. [CrossRef]

Chmitorz, A.; Kunzler, A.; Helmreich, I.; Tiischer, O.; Kalisch, R.; Kubiak, T.; Wessa, M.; Lieb, K. Intervention studies to foster
resilience—A systematic review and proposal for a resilience framework in future intervention studies. Clin. Psychol. Rev. 2018,
59, 78-100. [CrossRef] [PubMed]


http://doi.org/10.22237/jmasm/1257035100
http://doi.org/10.1016/j.nlm.2018.04.012
http://doi.org/10.3389/fpsyg.2021.584760
http://doi.org/10.1016/j.mhpa.2012.02.004
http://doi.org/10.1123/jsep.2015-0074
http://doi.org/10.1037/0022-3514.37.1.1
http://doi.org/10.1037/0022-3514.42.1.168
http://doi.org/10.1016/S0962-1849(01)80014-7
http://doi.org/10.1016/j.cpr.2017.11.002
http://www.ncbi.nlm.nih.gov/pubmed/29167029

	Introduction 
	Methods 
	Procedure 
	Measures 
	Sociodemographic Characteristics 
	Dark Triad 
	Mental Toughness 
	Digit Ratio Index 
	Statistical Analysis 


	Results 
	General Information 
	2D:4D-Ratios, Dark Triad, and Mental Toughness between Male and Female Participants 
	Correlations between 2D:4D-Ratio, and Traits of Mental Toughness and Dark Triad among Female Participants (n = 308) 
	Correlations between 2D:4D-Ratio, and Traits of Mental Toughness and Dark Triad among Male Participants (n = 152) 
	Gender, Mental Toughness Traits, and Dark Triad Traits to Predict 2D:4D-Ratios 

	Discussion 
	Conclusions 
	References

