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Abstract

Variation in the influence of prenatal androgens is thought to be reflected in an individual’s finger length
ratio (2D:4D). Many recent studies have examined the relationship between adult finger length ratio and
traits thought to be affected by prenatal androgens. For example, Martin, Manning, and Dowrick
(1999) have suggested that increased risk of clinical depression is a cost of high organizational testosterone
in men. They presented data demonstrating a non-significant trend (p = 0.24) towards higher depression in
men with more masculine finger length ratios. Given that women commonly show higher rates of depres-
sion than men, we suggest that depression should be associated with lower, rather than higher organiza-
tional testosterone. We tested a sample three times larger than that used by Martin et al. (1999) and
found that men with more feminine finger ratios scored higher on a test for depression measured as a per-
sonality trait (p = 0.04). This result is consistent with the hypothesis that a portion of the variation in
depression is due to the organizational effects of sex hormones in men.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Finger length ratio (2D:4D, index to ring finger) is a sexually dimorphic trait found in a variety
of species ranging from humans and mice to zebra finches (Brown, Finn, & Breedlove, 2002a; Bur-
ley & Foster, 2004; Manning, 2002a; Manning et al., 2000; Peters, Tan, Kang, Teixeira, & Man-
dal, 2002). On average, males have lower ratios (relatively shorter index (2D) fingers compared to
ring (4D) fingers) than females. These digit ratios are thought to be fixed sometime during fetal
development and to remain stable thereafter (Garn, Alphonse, Babler, & Stinson, 1975; Manning,
2002a; Manning, Scott, Wilson, & Lewis-Jones, 1998).

Finger length ratio is becoming a widely used measure of prenatal testosterone (Manning,
2002a; Manning, Bundred, Newton, & Flanigan, 2003). Evidence in support of this view comes
from digit ratio studies of individuals with congenital adrenal hyperplasia (CAH). Individuals
(both male and female) with elevated fetal androgens due to CAH exhibit lower, more masculine,
finger length ratios than controls (Brown, Hines, Fane, & Breedlove, 2002b; Okten, Kalyoncu, &
Yaris, 2002; but see Buck, Williams, Hughes, & Acerini, 2003). Two causal mechanisms have been
conjectured to explain this phenomenon. The first is that common genes (hoxa and hoxd) underlie
the development of both digits and gonads (Kondo, Zakany, Innis, & Duboule, 1997; Peichel,
Prabhakaran, & Vogt, 1997) such that the timing of gene regulation leaves a finger length ratio
that reflects the quantity of androgen produced. The second proposed mechanism is that finger
ratio is a function of androgen sensitivity, rather than androgen concentration. Lower finger ra-
tios are associated with androgen receptor alleles with fewer terminal domain CAG repeats in men
(Manning et al., 2003), and fewer repeats produce receptors with higher androgen sensitivity
(Chamberlain, Driver, & Miesfeld, 1994; Kazemi-Esfarjani, Trifiro, & Pinski, 1995).

Austin, Manning, Mclnroy, and Mathews (2002) have suggested that any sexually dimorphic
personality trait influenced by prenatal testosterone will correlate with finger length ratio within
each sex. Manning and colleagues found significant correlations in men between lower, more mas-
culine digit ratios and achievement, ability, and speed in a variety of sports and in visual-spatial
ability (Manning & Taylor, 2001; Manning, 2002a, 2002b). Women with digit ratios reported
higher, more masculinized scores on the Bem Sex Role Inventory (Csathé et al., 2003a). A number
of previous studies have shown that men with more masculine finger ratios tended to score higher
on questionnaire-based tests of physical aggression (Bailey & Hurd, 2005), are perceived as being
more masculine and dominant by female observers (Neave, Laing, Fink, & Manning, 2003), and
are more likely to show increased rates of autism and reduced verbal fluency (Manning, 2002a).

Depression is a sexually dimorphic trait (Endler, Macrodimitris, & Kocovski, 2000, 2003). The
risk and prevalence of major depression is about twice as high for females compared to males
(Blazer, Kessler, McGonagle, & Swartz, 1994; Piccinelli & Wilkinson, 2000; Rohr, 2002). Not
only do women report depression more often, but they also report more symptoms per depressive
episode, and are more susceptible to stressors than men (Sowa & Lustman, 1984; Wilhelm, Par-
ker, & Asghari, 1998). If this is the case, higher, more feminine digit ratios should correlate with
higher scores for depression within each sex.

Martin, Manning, and Dowrick (1999) suggested however, that increased risk of depression is a
cost of high organizational testosterone. They found a negative, non-significant (p = 0.24), trend
between 2D:4D and the severity of clinical depression in men, which has lead some authors (e.g.
Csatho et al.,, 2003b) to mistakenly conclude that *...lower 2D:4D ratios are associated
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with[...]depression (Martin et al., 1999)”. Manning (2002a) suggested further investigations were
required to explain the non-significant results of earlier studies attempting to link digit ratio and
depression. If early developmental hormones affect depression, they should influence a stable part
of the personality more than they effect fluctuating emotional states experienced in adulthood
(such as depth of clinical depression). We measured depression using the NEO-PI depression
sub-scale, which measures depression as a stable personality trait. We hypothesized that depres-
sion would correlate with 2D:4D on the right hand, such that individuals within sexes with more
feminine finger ratios would score higher on the NEO-PI depression sub-scale. Our prediction is
in the opposite direction to the trend reported by Martin et al. (1999).

2. Methods

We tested 298 introductory psychology students (149 male and 149 female; median age 19) who
participated for course credit. After giving informed consent, participants had digital images of
their hands made and completed a questionnaire, which included the NEO-PI trait depression
sub scale. The depression sub-scale is an eight-item questionnaire that uses a one (extremely
uncharacteristic of me) to five (extremely characteristic of me) Likert scale to measure depression
as a personality trait.

Scanning was conducted prior to examining or analyzing questionnaire scores. A Hewlett Pack-
ard 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.
These marks increased measurement accuracy, as it was difficult to see the creases clearly on the
scans without them. 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) measure tool. The total length of each digit was measured,
in pixels, from the middle of the basal crease to the tip of the finger. Ratios were calculated by
dividing the length of the second digit (index finger) by the length of the fourth digit (ring finger)
for both hands. This measurement technique provides good reliability (blind test-retest of ten
individuals each scanned twice, with one week between the two scans r = 0.98, df =8, p < 0.01).

We used Pearson’s r to correlate depression scores with right hand 2D:4D and Welch’s cor-
rected z-test to test for sexual dimorphism in 2D:4D. (We followed Moser and Stevens (1992)
and employed the robust Welch’s corrected z-test as a matter of policy—the power cost is negli-
gible and the potential benefit in rejecting false positives is high, even when data is not signifi-
cantly heteroscedastic.) All statistical tests were two-tailed.

Several authors have suggested that androgenization affects the right hand more than the left
(Brown et al., 2002a; McFadden & Shubel, 2002; Williams et al., 2000). Digit ratio has consis-
tently been shown to be more strongly differentiated on the right hand than on the left, in hu-
mans (Brown et al., 2002b; Lippa, 2003; Manning et al., 1998; McFadden & Shubel, 2002;
Williams et al., 2000), regardless of handedness (Williams et al., 2000), and in mice (Brown
et al., 2002a) and finches (Burley & Foster, 2004). Personality and behavioral traits have also
been found to correlate more strongly with right hand digit ratio than left (Csatho et al.,
2003a; Williams et al., 2000; Williams, Greenhalgh, & Manning, 2003). For this reason we pres-
ent only right hand data.



832 A.A. Bailey, P.L. Hurd | Personality and Individual Differences 39 (2005) 829-836
3. Results

Men had smaller finger length ratios than women (male: 0.947, SD = 0.029, female: 0.965,
SD =0.0026, t577.45 = —5.49, p < 0.001, d = 0.65). We found no sex difference in depression scores
(male: 21.90, SD = 5.46, female: 22.36, SD = 5.60, 159350 = —0.72, p = 0.475). Males with lower
finger length ratios had lower trait depression scores than men with more feminine ratios
(r130 = 0.17, p = 0.04; Fig. 1). We found no such relationship in women (7139 = 0.02, p = 0.83).

4. Discussion

This is the first study to find a relationship between finger length ratio (2D:4D) and depression.
We found higher levels of depression (measured as a personality trait) in males with higher, more
feminine finger length ratios, suggesting that depression is associated with lower prenatal testos-
terone in men. Our results appear to contradict Martin et al. (1999) who reported a positive, but
non-significant, relationship between prenatal testosterone and depression in men. Austin et al.
(2002) also failed to find a significant relationship between severity of depression and finger length
ratio. Three possible explanations for discrepancies between the studies were differences in (1) sta-
tistical power, (2) depression assays, and (3) sample populations. First, the sample size in the pres-
ent study was three times that used by Martin et al. (1999), and approximately twice that used by
Austin et al. (2002). This suggests that the present study had more statistical power.

Secondly, tests measuring the severity of depression, such as the Beck Depression Inventory
and Zung Self-Rating Depression Scale used by Martin et al. (1999) and Austin et al. (2002), were
designed to diagnose clinical depression. It has been suggested that these tests may not be able to

NEO-PI Depression Score

0.90 0.95 1.00
Male Right Ratio (2D:4D)

Fig. 1. A significant positive correlation between right hand finger length ratio and NEO-PI trait depression sub-scale
scores in men (r139 = 0.17, p = 0.04).
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detect small differences in non-clinical populations (Krohne, Schmukle, Spaderna, & Spielberger,
2002). Both state and trait depression are sexually dimorphic and correlate with one another
(Endler, Macrodimitris, & Kocovski, 2003). Therefore, depression as an underlying, stable trait
should influence adult state depression. If this is the case, then trait depression measures may
be more sensitive to individual differences, and would more likely be influenced by prenatal
testosterone.

Thirdly, Martin et al. (1999) used a mixed sample from both clinical and general populations to
increase variability in depression severity scores. That we found no significant sexual dimorphism
in depression scores may be due to an under-representation of depression in the university under-
graduate population. A recent study using the same population found a very small, but statistically
significant, sex difference in depression (effect size = 0.003, n = 1800; Lee & Brown, unpublished
data). Such an effect would be difficult to detect in a sample as small as ours (n ~ 300). Williams
et al. (2003) did not find emotionality in preschool children to be sexually dimorphic; the emotion-
ality questions on their questionnaire were similar to items on our depression personality question-
naire. Austin et al. (2002) used university students and may have had a sample comparable to our
own, however they were unable to detect a sex difference in 2D:4D. They may have been unable to
detect a relationship between depression and 2D:4D due to a limited amount of variation in 2D:4D
as well as using a state depression assay on a non-clinical population.

We found no correlation between finger length ratio and depression in women. This finding fol-
lows all previous studies’ findings. Williams et al. (2003) found that emotionality was not related
to digit ratio in females, but was significantly, positively correlated with digit ratio in males (i.e.
more feminine digit ratios, higher emotionality). Neither of the previous studies examining finger
length ratio and clinical depression found even a hint of an association between digit ratio and
depression in women (Austin et al., 2002; Martin et al., 1999). If male digit ratio correlates with
sexually dimorphic psychological traits due to these both varying with the strength of defemini-
zation, then a lack of a correlation in women may be ascribed to the lack of a defeminizing go-
nadal androgen exposure. We do not believe this to be the case, since digit ratio does correlate
with sexually dimorphic psychological traits, at least in some cases (e.g. Benderlioglu & Nelson,
2004; Csatho et al., 2003a, 2003b) perhaps reflecting the strength of adrenal source androgen
exposure. Circulating hormone levels, including testosterone, which vary across menstrual phase
have been demonstrated to influence depression scores, for example both high and low levels of
testosterone are associated with increased depression (Christiansen, 2001; Hartmann et al., 1996;
Payne, 2003; Rohr, 2002). The organizational effects of androgens on trait depression which we
expect to see reflected in digit ratios may therefore be concealed by the uncontrolled effects of
menstrual cycles and/or birth control medication. Future studies should control for this variability
when examining the relationship between behavior and finger length ratio in women. Previous
investigations of digit ratio have found no correlation between digit ratio and the second-order
trait of neuroticism (Austin et al., 2002). There is some evidence that different genes are involved
in linking neuroticism to major depression in men and women (Fanous, Gardner, Prescott, Can-
cro, & Kandler, 2002). Larger samples of women than were used in the present study will be re-
quired to investigate the link between organizational androgens, circulating hormones and the
various components of neuroticism.

A variety of factors including, experience, coping skills, and gonadal or stress hormones, are
speculated to be the cause of the gender differences seen in depression (Martin et al., 1999;
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Nolan-Hoeksema, 1990; Piccinelli & Wilkinson, 2000; Rohr, 2002). Many feel that “biological
explanations of sex differences in depression have not been well supported” (Nolan-Hoeksema,
1990). Our results suggest that hormones prior to birth may organize a small, but statistically sig-
nificant, difference in depression as a personality trait in males. This conclusion is subject to the
caveats; (1) that we found no correlation between digit ratio and depression in women and (2) that
the effect-size was small. Further research investigating the relationship between both state and
trait depression with respect to digit ratio and prenatal androgens is clearly warranted.
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