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Abstract
Finger length ratio (2D:4D) is a sexually dimorphic trait. Men have relatively shorter second
digits (index fingers) than fourth digits (ring fingers). Smaller, more masculine, digit ratios are
thought to be associated with either higher prenatal testosterone levels or greater sensitivity to
androgens, or both. Men with more masculine finger ratios are perceived as being more masculine
and dominant by female observers, and tend to perform better in a number of physical sports. We
hypothesized that digit ratio would correlate with propensity to engage in aggressive behavior. We
examined the relationship between trait aggression, assayed using a questionnaire, and finger
length ratio in both men and women. Men with lower, more masculine, finger length ratios had
higher trait physical aggression scores (rpartial = !0.21, N = 134, P = 0.028). We found no
correlation between finger length ratio and any form of aggression in females. These results are
consistent with the hypothesis that testosterone has an organizational effect on adult physical
aggression in men.
# 2004 Elsevier B.V. All rights reserved.
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1. Finger length ratio (2D:4D) correlates with physical aggression in men
but not in women
Finger length ratio (2D:4D) is a sexually dimorphic trait. The ratio of second digit
(index finger) to fourth digit (ring finger) is smaller for males than females in humans,
mice, and baboons (Brown et al., 2002b; Manning, 2002a; Manning et al., 2000; McFadden
and Bracht, 2003; McFadden and Shubel, 2002; Peters et al., 2002). In zebra finches, the
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sexual dimorphism in digit ratio is reversed, and males have relatively longer second digits
(Burley and Foster, 2004). This reversed foot pattern matches the reversed toe 2D:4D
sexual dimorphism seen in humans (McFadden and Shubel, 2002) but not that found in
mice, were sexual dimorphism in hind digit ratio is in the same direction as in the human
hand (Manning et al., 2003b). Sexual dimorphism in digit ratio is seen by the age of two
and is thought to be stable thereafter, even through puberty (Manning et al., 1998; Brown et
al., 2002b; Manning, 2002a). Index to ring finger, or 2D:4D is the most strongly dimorphic
of all human digit ratio combinations (McFadden and Shubel, 2002).
Variation in finger length ratio is thought to reflect the influence of prenatal testosterone
during development (Manning, 2002a; Manning et al., 2003a). While this correlation is
somewhat conjectural, two non-exclusive causes have been posited. The first is that
common genes (Hoxa and Hoxd) underlie development of both fingers and gonads (Kondo
et al., 1997; Peichel et al., 1997). The second is that allelic variation in androgen receptor
sensitivity influences digit ratio. More masculine finger ratios are associated with androgen
receptor alleles with fewer CAG base-pair microsatellite repeats in the terminal domain
(Manning et al., 2003a). Increased number of such repeats produces receptors with lower
androgen sensitivity (Chamberlain et al., 1994; Kazemi-Esfarjani et al., 1995).
More evidence for a relationship between androgen concentration during development
and finger ratio comes from children with congenital adrenal hyperplasia (CAH). CAH
causes the individual to be exposed to increased levels of androgens from early in gestation
to the early neonatal period (Berenbaum and Reinisch, 1997). Both males and females with
CAH, and therefore high developmental androgens, exhibit more masculine finger length
ratios than controls (Brown et al., 2002c; Okten et al., 2002), but not necessarily when
measured on the left hand (Buck et al., 2003).
Digit ratio has consistently been shown to be more dimorphic on the right hand than on
the left in humans (Manning et al., 1998; McFadden and Shubel, 2002; Williams et al.,
2000), baboons (McFadden and Bracht, 2003) mice (Brown et al., 2002b), and finches
(Burley and Foster, 2004). Several authors have suggested that androgenization affects the
right hand more than the left (McFadden and Shubel, 2002; Williams et al., 2000; Brown et
al., 2002b). When both right and left hand digit ratios have been used to investigate
relationships between digit ratio and psychological factors, stronger effects are seen on the
right hand, or found on the right hand only (Williams et al., 2000; Brown et al., 2002a;
Csatho et al., 2003a, 2003b).
Digit ratio has been shown to correlate with several psychological traits. Women with
smaller digit ratios report higher, more masculinized scores on the Bem Sex Role Inventory
(Csatho et al., 2003a). Men with smaller 2D:4D ratios are perceived as being more
masculine and dominant by female observers (Neave et al., 2003). Manning and colleagues
have found significant correlations between more masculine (small) digit ratios and
achievement, ability, and speed in a variety of sports and in visual-spatial ability (Manning
and Taylor, 2001; Manning, 2002a, 2002b). More male-like digit ratios are also associated
with deleterious traits such as increased rates of autism, immune deficiency and reduced
verbal fluency (Manning, 2002a).
Austin et al. (2002) have suggested that any cognitive or personality trait which is
influenced by prenatal testosterone and shows differences between the sexes will also
correlate with digit ratio within each sex. Aggression is a sexually dimorphic trait. Men

DTD 5

A.A. Bailey, P.L. Hurd / xxx (2004) xxx–xxx

3

score higher than women on the physical, verbal and hostility (but not anger) subscales of
an aggression questionnaire (Buss and Perry, 1992). We examined the relationship between
2D:4D and scores on the four subscales of the aggression questionnaire. We hypothesized
that testosterone organizes human aggressive behavior and that digit ratio will correlate
with the most sexually dimorphic forms of trait aggression.
1.1. Methods
We tested 298 introductory psychology students (149 male and 149 female; median age
19) who participated for course credit. Participants completed a questionnaire and we made
digital images of their hands. The study was approved by the University’s human research
ethics board and subjects participated only after giving their informed consent.
The questionnaire included Buss and Perry’s (1992) aggression questionnaire and
the Paulhus Deception Scale (PDS). The aggression questionnaire consists of four subscales: hostility (eight questions), anger (seven questions), verbal aggression (five
questions) and physical aggression (nine questions). The PDS measures the tendency
to give socially desirable responses and is divided into two sections: self-deception
management (20 questions) and impression management (20 questions). Both tests
used a one (extremely uncharacteristic of me) to five (extremely characteristic of me)
Likert scale. Questions from the different tests were combined and randomized so that
no two questions from a section were placed together. If any of the questions in a particular
category were left unanswered the participant was assigned a missing value for
that category and the score was dropped from all analyses. Because Buss and Perry
(1992) found that only some subscales of aggression were sexually dimorphic, we were
interested in the properties of each subscale and ignore ‘‘total aggression’’, the sum of the
four scales.
We dropped six male and seven female participants who scored high on the self
deception or impression management scales. We did not attempt to partial out the effect of
impression management or self-deception, but simply discarded those with high deception
scores. The test scoring standards define high scores as greater than 7 for self-deception and
greater than 14 for impression management. These thresholds correspond roughly to two
standard deviations above the general population mean. Not knowing how our population
compared to the general population, we applied the recommended absolute thresholds of 7
and 14 rather than those in the top two standard deviations of our sample.
Scanning was conducted prior to examining or analyzing questionnaire scores. A
Hewlett Packard Scan-jet 5400C was used to scan participants’ hands. Before scanning,
small marks were drawn on the basal creases of the index and ring fingers using a ballpoint
pen by the first author. This was done to increase accuracy because it was difficult to see the
creases clearly on the scans. Both of the participants’ hands were scanned at the same time,
palms down. Participants’ index (2D) and ring (4D) fingers were measured from the hand
scans using the GNU Image Manipulation Program (GIMP). The total length of each digit
in units of pixels, from the middle of the basal crease to the tip of the finger, was determined
using the GIMP ‘‘measure’’ tool. The first author took all of the measurements. Ratios were
calculated by dividing the length, in pixels, of the second digit (index finger) by the length,
in pixels, of the fourth digit (ring finger) for both hands. This technique provides good
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reliability (r = 0.98, d.f. = 8, P < 0.01 blind test-retest of 10 individuals each scanned twice,
with one week between the two scans).
We found stronger sexual dimorphism in digit ratio on the right hand than the left (as
have many other authors, see above) and therefore present results for the right hand only.
We followed Moser and Stevens (1992) and employed the robust Welch’s corrected ttest as a matter of policy (the power cost is negligible and the potential benefit in rejecting
false positives is high, even when data is not significantly heteroscedastic).

2. Results
Men had smaller finger length ratios than women (Table 1). Hostility, verbal, physical,
and total aggression scores showed significant sexual dimorphism, while anger did not.
Anger significantly correlated with the other three sub-scales of aggression (hostility,
verbal, and physical aggression) in men (Table 2). Of the other sub-scales, the two
instrumental measures of aggression (verbal and physical) were correlated. All scores on
the four sub-scales were correlated in women, except in the case of verbal aggression and
hostility.
We determined the unique relationship between digit ratio and the four subscales of
aggression using multiple regression. The regressions are presented in ANOVA table
format, along with the corresponding partial regression coefficients (Table 3). Males with
lower finger length ratios had significantly higher physical aggression scores (partial
regression plotted in Fig. 1). Finger length ratio did not predict anger, hostility, or verbal
aggression in men. Female finger length ratio did not correlate with physical aggression,
anger, hostility or verbal aggression.

3. Discussion
We found significant sexual dimorphism in physical aggression, verbal aggression and
hostility but no difference in anger. Physical aggression was the most sexually dimorphic of
the aggression indices (d = 1.05). These results agree with Buss and Perry (1992), who

Table 1
Digit ratios and aggression scores by sex
Male

Digit ratio
Physical
Verbal
Hostility
Anger

Female

Mean

S.D.

N

Mean

S.D.

N

0.947
24.45
15.56
21.45
17.55

0.029
7.41
3.41
5.45
5.06

136
140
140
140
140

0.965
17.54
14.39
22.68
16.94

0.026
5.59
3.47
4.82
4.81

137
141
141
140
139

d

t

P

0.66
1.05
0.34
0.24
0.12

!5.43
8.82
2.85
!2.00
1.04

<0.001
<0.001
0.005
0.05
0.30

Means, standard deviations, sample size, effect size d, Welch’s t, and P-values for sexual dimorphism in digit
ratios and test scores.
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Table 2
Correlations between aggression questionnaire subscales by sex
Physical aggression

Verbal aggression

Hostility

Males
Physical
Verbal
Hostility
Anger

–
0.37 (<0.001)
0.08 (0.33)
0.49 (<0.001)

–
0.17 (0.051)
0.43 (<0.001)

–
0.45 (<0.001)

Females
Physical
Verbal
Hostility
Anger

–
0.37 (<0.001)
0.24 (0.004)
0.47 (<0.001)

–
0.13 (0.13)
0.58 (<0.001)

–
0.40 (<0.001)

Pearson’s r (and P-values) for correlations between subscales on the Buss and Perry Aggression Questionnaire.

found hostility, verbal, and physical aggression, but not anger to be sexually dimorphic,
and trait physical aggression to be most dimorphic (d = 0.89).
We found digit ratio to correlate with physical aggression, but not with hostility, anger,
or verbal aggression in males. There was no correlation between digit ratio and any
measure of aggression in females. Our finding of a correlation between finger ratio and
physical aggression is as predicted by Austin et al. (2002). That they found no such result
themselves—nor any correlation between finger ratio and hostility or verbal aggression—
may have been due to their use of an unusual sample, in which no reliable sex difference in
digit ratio was found.
The results we have presented are consistent with the hypothesis that digit ratio reflects
the organizational activity of androgens, and that variation in organizational effects of
androgens causes some variation in adult physical aggression, but not anger, hostility or
verbal aggression. If this explanation is correct, we would expect digit ratio to correlate
with physical aggression in women, and we did not find such an effect. One possible
explanation for this is that physical aggression scores on the Buss and Perry aggression
questionnaire have been found to be affected by menstrual cycle in women (Ritter, 2003).
Table 3
Multiple regression of digit ratio against aggression subscales
Sum Sq

d.f.

rpartial

F

P

Males
Physical
Hostility
Verbal
Anger
Error

0.004144
0.001410
0.000752
0.000108
0.108882

1
1
1
1
129

!0.21
0.13
0.09
0.02

4.91
1.67
0.89
0.13

0.028
0.198
0.347
0.721

Females
Hostility
Physical
Anger
Verbal
Error

0.000644
0.000112
0.000049
0.000013
0.076096

1
1
1
1
124

!0.10
!0.03
0.02
0.07

1.05
0.18
0.08
0.02

0.308
0.670
0.778
0.887
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Fig. 1. Unique relationship between male right hand finger length ratios (2D:4D) and physical aggression scores.

Our lack of control for this effect, and the possible effects of birth control medications may
explain the lack of a significant correlation in women, and deserves further investigation.
The size of the correlation between digit ratio and physical aggression seen in men in the
present study (partial r1.24 = !0.21; uncorrected r = !0.16) is larger than the reported
relationship between aggression and adult testosterone concentrations reported in metaanalyses (r = 0.14, Archer et al., 1998; Book et al., 2001). Archer et al. (1998) found no
relationship between adult testosterone concentrations and any of the four components of
aggression on the aggression questionnaire used in this study. It is possible that correlations
between adult testosterone levels and behavior may be stronger once digit ratio effects are
controlled for.
In summary, our results imply that prenatal testosterone, as assayed by digit ratio, has a
stronger effect on trait physical aggression than do adult testosterone levels. This
conclusion is based in part on the assumption that digit ratios reflect organizational effects
of androgens, and that a questionnaire assay of aggressiveness is valid. This questionnaire
has been validated by demonstrating a correlation between aggression scores and penalty
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minutes earned for aggressive offenses over the course of an ice hockey season (Bushman
and Wells, 1998). We are currently collecting data on University hockey players’ penalties
and digit ratio to confirm these results using a behavioral assay. Further studies of digit ratio
and aggressive behavior promise to yield insights into the source of individual variation in
aggressiveness.
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