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SUMMARY

ANDROLOGY

Digit ratio (2D:4D) in Klinefelter’s
syndrome

J. T. Manning,* L. P. Kilduff{ and R. Trivers:

*Department of Psychology, Swansea University, Swansea, UK, tSport & Exercise Science Research
Centre, Swansea University, Swansea, UK, and Department of Anthropology, Rutgers University,

The ratio of second to fourth digit length (2D:4D) is a correlate of prenatal testosterone. High 2D:4D is associated with low prenatal
testosterone, and reduced sensitivity to testosterone. Klinefelter’s syndrome (KS; 47 XXY) affects the endocrine system, such that low
testosterone levels are found in KS foetuses, new-borns and adults. To date, there are no published data regarding the pattern of
2D:4D in KS males. Here we consider 2D:4D in KS individuals (rn = 51), their relatives (16 fathers and 15 mothers) and an unaffected
control sample of 153 men and 153 women. Adult KS individuals were taller than their fathers and had shorter fingers than fathers
and male controls. Compared with fathers, male controls and mothers, KS males had shorter fingers relative to height. With regard to
2D:4D, KS individuals had higher 2D:4D than fathers (right and left hands), male controls (right and left hands) and mothers (left
hands). Among KS males older than 13 years there were 34 individuals currently prescribed testosterone and nine not prescribed. In
comparison to the former, the latter individuals had higher right 2D:4D and higher right-left 2D:4D. We conclude that KS males have
mean 2D:4D values similar to those found in female population norms. In addition, testosterone supplementation in KS males may

be most common for individuals with low right 2D:4D.

INTRODUCTION

The relative lengths of the second (index finger) digit and
fourth (ring finger) digit (2D:4D) is a sexually dimorphic trait in
humans (male 2D:4D < female 2D:4D: Manning, 2002; Peters
et al., 2002). It has been suggested that 2D:4D is a biomarker of
prenatal sex steroids such that low 2D:4D correlates with high
testosterone and low oestrogen in the foetus and high 2D:4D
with low foetal testosterone and high foetal oestrogen (Manning
et al., 1998; Manning, 2002). Empirical evidence gathered since
Manning et al. (1998) suggests that there are lateralized effects
concerning the link between 2D:4D and sex steroids. Thus, right
2D:4D tends to show stronger associations with hormonally
influenced target traits than left 2D:4D and a greater sex differ-
ence than left 2D:4D (Honekopp & Watson, 2010). Therefore,
right 2D:4D is thought to be more sensitive to foetal sex hor-
mones than left 2D:4D (Manning, 2008; Honekopp & Watson,
2010). In addition a further measure, right-left 2D:4D, often
shows strong links to hormonally influenced traits (e.g. in sports
performance, Bennett et al., 2010).

Experimental evidence from rodent models has lent support
to the hypothesized links between 2D:4D and foetal sex hor-
mones. Zheng & Cohn (2011) demonstrated that 2D:4D in mice
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is dependent on a balance of androgen and oestrogen signalling
during a narrow foetal window. In this regard, they have shown
that inactivation of androgen receptors, or blocking androgen
receptors or increasing foetal oestrogen leads to ‘female-type’
2D:4D in offspring. Whereas, inactivation of oestrogen receptors
or blocking their function or increasing prenatal testosterone
levels results in a ‘male-type’ mean 2D:4D in murine offspring
(see Manning, 2011 for an overview of the significance of Zheng
& Cohn’s work, 2011). In humans, we cannot manipulate foetal
hormone receptors or foetal levels of sex steroids and therefore,
we must seek indirect evidence for the link between 2D:4D and
foetal androgen. One approach to this issue is to consider the
2D:4D of individuals who are likely to have been exposed to
abnormal androgen levels in early foetal development. With
regard to abnormally high foetal androgen levels, low mean
2D:4D has been reported in individuals with congenital adrenal
hyperplasia (e.g. Brown et al., 2002; Okten et al., 2002) and indi-
viduals with autism (e.g. Manning et al., 2001). Here, for the first
time, we investigate the effects of low foetal testosterone by con-
sidering mean 2D:4D in Klinefelter individuals.

Klinefelter’s syndrome (KS) is found in men with an additional
X chromosome (47,XXY: Klinefelter et al., 1942). The prevalence
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of KS in the general male population is about one in 1000. How-
ever, the symptoms are often mild and very variable, thus many
KS males are not diagnosed and it is thought the true prevalence
may be about four in 1000 (Lanfranco et al., 2004; Forti et al.,
2010). During childhood the morphological and behavioural
traits of KS are not marked and therefore, the diagnosis is often
made during adolescence or in adults. Almost all KS men are
infertile, seminiferous tubule degeneration begins in the foetus
and progresses through infancy and accelerates in puberty (Aks-
glaede et al., 2006). Thus, the frequency of KS rises to about 3—
4% among male patients that are infertile and to about 10-12%
in male patients that are azoospermic (Forti et al., 2010). In such
individuals, testicular biopsies may yield spermatozoa for suc-
cessful intracytoplasmic sperm injection (ICSI) and in vitro fer-
tilization treatment (Giltay & Maiburg, 2010).

Klinefelter’s syndrome is caused by the presence of an addi-
tional X chromosome in males and it manifests itself as a disor-
der of the endocrine system (Zitzmann et al.,, 2004). The most
obvious features of KS are caused by testosterone deficiency and
include elevated levels of gonadotropins, small testes, hypogona-
dism and gynecomastia. There are also perturbations in body
proportions (greater than average height which is dependent on
greater leg length), and sometimes cognitive problems (which
may include delayed acquisition of language). Low testosterone
has been found in foetuses and infants with KS. Thus, testoster-
one levels similar to female concentrations have been described
in a foetus with KS (Kiinzig et al., 1977). Also, in comparison to
controls, infants and young boys (1-23 months) with KS have
been reported to have low testosterone, and reduced penile and
testicular size (Ross et al., 2005). With regard to adolescents, tes-
tosterone in KS individuals is low to low-normal (Forti et al.,
2010).

Coupled with low levels of testosterone, KS phenotypes are
correlated with sensitivity to testosterone. The androgen recep-
tor gene (AR) is highly polymorphic for a trinucleotide repeat
(CAGn) in exon 1. Normal variation in CAGn is about 10-30, with
sensitivity to testosterone negatively related to CAGn (La Spada
et al., 1991). The presence of long CAGn is predictive of pheno-
typic effects in KS e.g. gynecomastia, small testes and above-
average height (Zitzmann et al., 2004; Bojesen et al., 2011). In
addition responsiveness to testosterone therapy may be deter-
mined by CAGn. Thus, Nielsen et al. (1988) reported variation in
responsiveness to testosterone therapy in KS males, with most
(77%) showing improvements in mood, energy and drive but
some showing little effect.

In this report, we compare 2D:4D in KS individuals, unaffected
relatives and unaffected male controls and female controls from
the general population. In general, our predictions are that pat-
terns of 2D:4D in KS reflect low levels of foetal testosterone. In
particular, we predict that KS individuals will have higher mean
2D:4D than their unaffected fathers and male population norms.
Comparisons with female patients are more difficult to predict,
but we would expect that mean 2D:4D in KS would be as high if
not higher than mean 2D:4D of mothers and female population
norms. With regard to patterns of testosterone use in KS individ-
uals, it is to be expected that beneficial effects will be found in
patients with the greatest sensitivity to testosterone. There is
some evidence that male patients with low 2D:4D have experi-
enced high foetal testosterone and are particularly sensitive to
testosterone (Manning et al., 2003; Butovskaya et al, 2012;
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Knickmeyer et al., 2011: but see Hurd et al., 2011; Hampson &
Sankar, 2012; Loehlin et al., 2011). Given that this is so, we
predict that KS individuals using testosterone will have lower
2D:4D than KS men, who are currently not prescribed
testosterone.

MATERIALS AND METHODS

The protocol of the study was essentially that for a similar
study of 2D:4D in families with children with autism (Manning
et al., 2001). Klinefelter's Syndrome individuals, together with
their unaffected relatives, were recruited in the UK from mem-
bers of the Klinefelter’s Syndrome Association (KSA). Informa-
tion regarding the Study was sent to members in the form of a
KSA newsletter. They were asked to provide photocopies of the
hands for KS individuals, and their fathers, mothers, brothers
and sisters. The photocopy instructions were as follows: ‘Place
the palm down GENTLY on the photocopier screen, keeping the
fingers straight and together (see example of hands below). Then
press “copy”. Also, please check that the photocopy is light
enough to see the finger creases (where the finger joins the
palm)’. Participants were asked to provide information regarding
their status (KS, Father, Mother, Brother, Sister), and their age,
height, and ethnicity (White, East-Asian, Black, Mixed). In addi-
tion, information concerning hormone replacement was
requested ‘Use of hormone replacement: Yes or No? If yes, which
type? i.e. Testosterone or Oestrogen’. The photocopies and the
associated information were then sent anonymously by post to
one of us JTM). Informed consent was provided and the proto-
col for the study was approved by the local ethics committee
and by the Executive Committee of the KSA.

On receipt of the photocopies, each was coded with a number
from a Table of random numbers. The photocopies were ran-
domized such that family groups were dispersed throughout the
sample. Finger lengths were then measured blind to the status of
the individual (i.e. whether they were KS or a relative of a KS
individual). All fingers were measured twice, with a period of
time of at least 24 h between measurements, and the second
measurement was made blind to the first.

A control sample of men and women was recruited from a
sample of members of the general public. Recruitment was from
Libraries, Museums, Recreational Centres and Schools in the
North and North-West of England. Photocopies of the right and
left hands were made and age and height recorded. The total
sample was 627 individuals. As with KS patients and their rela-
tives, finger lengths were measured twice (Manning et al., 1998).
From this sample we age-matched (+ 3 years) three male and
three female control participants to each KS individual.

RESULTS

There were responses from 55 families. The photocopies from
two families were too dark for accurate measurement and were
removed from the sample. With regard to the KS sample, the
parents of two KS individuals judged them to be too young for
their hands to be photocopied, and one photocopy (a left hand)
from an adult KS individual was not sufficiently clear enough to
measure finger length, and this was removed from the study.
The remaining sample consisted of 51 KS individuals (51 right-
hand photocopies and 50 left-hand photocopies) together with
16 fathers, 15 mothers, 3 brothers and 6 sisters, i.e. a total of 91
participants. The fathers and mothers tended to be for young KS
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males, presumably because for adult KS their parents may have
not been readily available. In addition, there were 153 male and
153 female controls. Thus, there were 397 individuals in the sam-
ple (397 right-hand photocopies and 396 left hand photocopies).

All participants were Caucasian (there was one Black KS par-
ticipant, but the photocopies for this individual were too dark
for accurate measurement).

Repeatability of 2D:4D

We pooled the complete sample and calculated the intra-class
correlation coefficient (r;) for the first and second values for
right hand 2D:4D and left hand 2D:4D. For the right hand
r; = 0.91 and for the left hand r; = 0.96. A repeated measures
anova showed the between-individual differences in right 2D:4D
were significantly higher than the error [F(1396) = 22.3,
p =0.0001)]and this was also the case for left 2D:4D [F
(1395) = 50.70, p = 0.0001)] Therefore, we calculated the means
for right and left 2D:4D and used these in all subsequent
analyses.

Descriptive statistics

The descriptive statistics of the sample [mean (SD)] were as
follows:

Age — XS individuals 31.94[17.53], range 6-71 years, the sample
included 36 individuals who were 18 years or older [mean age
39.14(15.34)]; Fathers 58.00[11.93], range 31-78 years; Mothers
53.6[12.00], range 24-77 years; Brothers 23.00[5.57], range 17—
28 years; Sisters 26.33[13.32], range 13-48 years; Control males
33.25[17.56], range 6-72 years, including 113 individuals who
were 18 years or older [mean age 40.27(14.96) years]; control
females 32.87[17.41], range 6-71 years, including 113 individuals
who were 18 years or older [mean age 39.89(14.91)].

Height — KS individuals 179.37[15.86] cm, >17 years 183.29
[8.92] cm; Fathers 178.27(8.95] cm; Mothers 165.71[6.29] cm;
Brothers 174.27[7.51] cm; Sisters 165.50[6.12] cm; control males
174.07(17.08] cm, >17 years 180.67[9.47] cm; control females
161.73[12.02] cm, >17 years 165.15[7.61] cm.

Mean finger length — To consider finger lengths between indi-
viduals (rather than relative differences in finger length within
individuals) we summed across all four fingers and obtained the
mean finger length per individual (Sutcliffe et al., 2010). These
were: KS individuals 74.30[6.96] mm, >17 years 76.16[4.79] mm;
Fathers 78.03[4.35] mm; Mothers 70.74[2.86] mm; Brothers
[71.94] mm; Sisters [68.84] mm; control males 75.45[7.15] mm,
>17 years 77.98[4.79] mm; control females 75.45(7.15] mm,
>17 years 77.98(3.84] mm.

Hormonal supplements

There were 50 KS individuals who reported information
regarding hormonal supplements. Of these, 34 were taking tes-
tosterone and 16 were not. In general, testosterone supplemen-
tation is usually considered from about age 14 years. Consistent
with this, all KS individuals reporting the use of testosterone in
our sample were 14 years or older. Within the sample of individ-
uals who were >13 years there were 34 individuals who were pre-
scribed testosterone and nine who were not.

Comparisons of means
Sample sizes for brothers and sisters were too small for mean-
ingful analyses. Therefore, these data were discarded and
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analyses restricted to comparisons between KS individuals and
their parents and control males and females. Comparisons
between KS individuals and their fathers are the most revealing
of differences. However, we have only 16 fathers and two are not
paired with KS children as the latter were too young to be photo-
copied. The next most informative comparison is that between
KS individuals and male controls.

With regard to the type of comparisons, we first compare lin-
ear variables (mean heights and mean finger lengths) across the
five groups. These linear dimensions are influenced by age, thus
we restrict our samples to individuals older than 17 years. Next,
we compare the group means for the relationship of finger
length to height and for right 2D:4D, left 2D:4D and right-left
2D:4D. There is evidence that 2D:4D is not strongly influenced
by age (Trivers et al., 2006), therefore we consider the entire age
range of the samples. We tested the difference in means using ¢
tests (paired or non-paired as appropriate), when differences are
significant we also give effect sizes (Cohen’s d).

Height

Regarding male height for individuals older than 17 years, we
found a significant difference for KS men vs. father pairs (n = 8)
such that the mean for the former was greater than the mean for
the latter (paired t-test, x — y=7.74 cm, t=2.77, p =0.03,
d = 0.56). A one-way aNova across all five groups (>17 years for
KS men, fathers, male controls, mothers and female controls)
showed significant differences, F(4, 288) = 61.71, p = 0.0001).
However, multiple a posteriori tests (Fisher’s PLSD) showed sig-
nificant differences were restricted to sex differences in height.

Finger length

We calculated the mean of finger length summed across all
four fingers for each individual (see Sutcliffe et al., 2010) and
compared these means across male patients that were older than
17 years. For KS men vs. father pairs (n = 7) we found that the
former had shorter fingers than the latter (paired t-test,
X — y=4.57 mm, ¢t = 3.58, p = 0.009, d = 0.41). A one-way ANOVA
across all five groups showed significant differences in finger
lengths (>17 years, F(4.282) = 47.96, p = 0.0001). Among men,
multiple a posteriori tests indicated a significant difference
between mean KS finger length and male controls such that the
former was shorter (KS vs. male controls, —1.87 cm, Fisher’s
PLSD = 1.63, p < 0.05, d = 0.38). As expected, female patients
had shorter mean finger lengths than male patients.

Relative finger length (finger length/height)

Paired ¢-tests showed that KS individuals had shorter finger
length relative to their height than fathers and mothers (Fathers;
x —y=-0.04, ¢=6.65, p=0.0001, d=1.00: Mothers;
x —y=-0.03, t=3.36, p=0.006, d = 0.78). Across the groups
KS individuals had shorter finger length relative to height than
all other groups [KS 0.41(0.03), fathers 0.44(0.03), male controls
0.43(0.02), mothers 0.43(0.02), female controls 0.43(0.04); see
Fig. 1]. A one-way aNnova showed these group differences to be
significant [F(4377) = 5.56, p = 0.0002]. Multiple a posteriori
tests (Fisher’s PLSD) showed a significant difference between
mean relative finger length of KS individuals vs. fathers
(x — y=—-0.03, 0.02, <0.05), KS vs. male controls (x — y = —0.02,
0.01, p<0.05) and KS vs. female controls (x —y = —0.02,
p < 0.05).
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Figure 1 The mean finger length divided by height (standard error bars) of
KS individuals, fathers of KS individuals, male controls, mothers of KS indi-
viduals and female controls. Non-overlap of standard error bars indicates
that means are significantly different (for men; KS men against fathers of KS
p < 0.0Tand male controls p < 0.0001: for women; KS men against moth-
ers of KS p < 0.01 and female controls p < 0.0001).
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Mean right and left hand 2D:4D across the groups is given in
Table 1 and Fig. 2. Paired ¢-tests showed KS individuals had sig-
nificantly higher mean 2D:4D than their fathers and the differ-

Table 1 Means and standard deviations (SD) for right and left hand 2D:4D
in 51 KS individuals, 16 Fathers of KS, 153 male controls, 15 mothers of KS
and 153 female controls. The p values (non-paired t-tests) refer to compari-
sons of the means for KS men against means for fathers, male controls,
mothers and female controls

KS males  Fathers of Male Mothers of Female
n=>51 KSn=16 controls KSn=15 controls
n=153 n=153
Right 0.979 0.941* 0.956*** 0.969 0.976 (0.034)
2D:4D  (0.028) (0.025) (0.034) (0.028)
(SD)
Left 0.989 0.950* 0.958*** 0.966* 0.978*
2D:4D  (0.031) (0.044) (0.041) (0.033) (0.035)
(SD)

*p < 0.05; **p < 0.01; ***p < 0.0001.

Figure 2 Mean 2D:4D (standard error bars) for the right (R) and left (L)
hands of KS individuals, fathers of KS individuals, male controls, mothers of
KS individuals and female controls. Non-overlap of standard error bars indi-
cates that means are significantly different [for men; KS men against fathers
of KS (right hand p < 0.01, left hand p < 0.05) and male controls (right
hand and left hand p < 0.0001): for women; KS men against mothers of KS
(left hand p < 0.05) and female controls (p < 0.5)].
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ence was greater for the right hand than the left (right hand
x —y=0.04, t=4.000 p=0.002, d=143; left hand
x — y=0.035, t=2.48, p = 0.03, d = 1.03). With regard to com-
parisons between KS individuals and their mothers, paired #-
tests showed the former had higher 2D:4D than the latter, but
this was only significant for the left hand (right hand;
x — y=0.01f = 1.14p = 0.27lefhandx — y = 0.037 = 2.71p = 0.02,
p =0.02, d=0.72). Considering all groups, a one-way ANOVA
showed significant differences for the right hand [F
(4383) = 11.39, p = 0.0001]. Multiple a posteriori tests (Fisher’s
PLSD) showed KS individuals had higher right 2D:4D compared
with that of fathers (x — y = 0.04, 0.02, p < 0.05, d = 1.43) and
male controls (x — y=0.03, 0.01, p<0.05 d=0.74). With
regard to the left hand, there were also significant differences
across the groups [F(4382) = 10.32, p < 0.05]. Multiple a posteri-
ori tests (Fisher’s PLSD) showed KS individuals had significantly
higher left 2D:4D than that of fathers (x —y =0.04, 0.02,
p <0.05, d = 1.03), male controls (x — y = 0.03, 0.01, p < 0.05,
d = 0.85) and mothers (x — y = 0.02, 0.02, p < 0.05, d = 0.72).

Right-left 2D:4D

The group means for right-left 2D:4D were as follows: KS
—0.008[0.03], fathers —0.009[0.04], control males —0.002[0.03],
mothers 0.004[0.02], control females —0.002[0.03]. A one-way
anova showed no significant differences across the groups [F
(4382) = 0.84, p = 0.50].

Testosterone supplementation

Here we considered KS individuals who were >13 years old, i.
e. n = 43. The KS participants who reported use of testosterone
supplements (79%) did not significantly differ from those who
were not using such supplements (21%) in their age [testoster-
one (T) 36.63(16.65) years vs. no testosterone (NT) 30.67(15.73)
years, t = 0.96, p = 0.34], height [T 183.10(9.08) cm vs. NT 185.11
(11.14) cm, t=0.56, p =0.58], mean finger length [T 75.83
(4.86) mm vs. NT 76.09 (4.75) mm, t = 0.14, p = 0.89], or finger
length relative to height [T 0.41(0.03) vs. NT 0.41(0.03), ¢t = 0.12,
p = 0.90]. However, compared with individuals who were not
taking testosterone, the testosterone group had significantly
lower values of right 2D:4D and right-left 2D:4D [Fig. 3: right
2D:4D T 0.975(0.03) vs. NT 0.996(0.03), t=2.12, p = 0.04,

Figure 3 A comparison of mean right and left hand 2D:4D [SE bars] in KS
men who were taking testosterone supplements (n = 34) and those who
were not (n = 9). Non-overlap of standard error bars indicates that means
are significantly different (for right hand, testosterone supplementation
against non-supplementation, p < 0.05).
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1.011 with testosterone

e %
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d = 0.70: left 2D:4D T 0.993(0.03) vs. NT 0.977(0.04), t = 1.39,
p = 0.17: right-left 2D:4D T -0.016(0.03) vs. 0.019(0.03), ¢ = 3.42,
p=0.002,d=1.17].

DISCUSSION

We have found that KS individuals tended to be taller than
their fathers and had shorter fingers than their fathers and male
controls. In addition, KS males differed from relatives and con-
trols in two important respects. First, KS men had shorter fingers
relative to their height than did their fathers, control males,
mothers and control females. These differences showed medium
to large effect sizes. Secondly, mean 2D:4D of KS men was higher
than that for their fathers (right and left hands), male controls
(right and left hands), and mothers (left hand only). The effect
sizes for differences in 2D:4D varied from medium to large. In
addition, with regard to testosterone supplementation, we found
that KS individuals prescribed testosterone had lower right hand
2D:4D relative to left hand 2D:4D (high effect size d = 1.17) and
lower right hand 2D:4D (medium effect size d = 0.70) than KS
males not prescribed testosterone.

Our finding concerning short fingers relative to height in KS
males is similar to the pattern of finger length reported in
children conceived by ICSI. Sutcliffe et al. (2010) compared
finger length relative to height in 211 children conceived by
ICSI and 195 control children. They reported that the former
had shorter fingers after correction for height compared with
the control group. They suggested that presence of short fin-
gers relative to height is a marker for low foetal androgen.
Thus, men with azoospermia may have experienced low foetal
levels of androgen, and their children conceived by ICSI may
also tend to show low foetal androgen. Therefore, a pattern of
short fingers relative to height found in both KS individuals
and children conceived by ICSI may indicate low prenatal tes-
tosterone in both groups.

With regard to 2D:4D, KS men were found to have mean
2D:4D that was higher than that of their fathers and male con-
trols, and close to or greater than mean 2D:4D of their mothers
or female controls. We think these ‘feminized’ values of 2D:4D
are best interpreted as the effect of low prenatal testosterone on
the formation of 2D:4D in KS males. Kiinzig et al. (1977)
reported that male levels of foetal testosterone obtained from
226 samples reached their peak between the 12th and 15th week
of pregnancy. Female foetal values did not significantly fluctuate
during gestation. At 12-15 weeks testosterone levels were a
highly significant predictor of foetal sex, but not at birth. How-
ever, in the case of a KS foetus, female levels of testosterone were
found at 12-15 weeks. Low prenatal testosterone is associated
with a reduction in the rate of growth of the fourth digits in foe-
tuses (Manning, 2002; Zheng & Cohn, (2011), and for overview
see Manning, 2012). Thus, high 2D:4D in KS individuals is evi-
dence for a link between low prenatal testosterone and high
2D:4D. In this regard, it is also of interest that high 2D:4D is
related to perturbations in spermatogenesis in samples of men
from the general population (Auger & Eustache, 2011). However,
it is azoospermic males that have the highest 2D:4D (Manning
et al., 1998) and success rates of sperm retrieval in ICSI are
reduced in men with high 2D:4D compared with individuals
with low 2D:4D (Wood et al., 2003). Thus, low foetal testoster-
one, azoospermia and high 2D:4D are related to one another and
are characteristic of KS men. It is to be noted that effect sizes for
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differences in 2D:4D between KS men and male controls are of
medium size (right hand d = 0.74, left hand d = 0.85). This
means that 2D:4D is unlikely to be of use for diagnosis of KS but
may be used in this regard in conjunction with other KS traits
such as greater than average height.

In comparison to KS males not taking testosterone (21%), we
found KS individuals who were prescribed testosterone supple-
mentation (79%) had low right 2D:4D and low right-left 2D:4D.
This effect may arise because low 2D:4D is linked to high sensi-
tivity to testosterone. Nielsen et al. (1988) reported variation in
responsiveness to testosterone therapy in a sample of KS males,
with 23% showing little or no improvement in mood, energy and
drive, but significant cognitive improvements in 77% of the sam-
ple. The androgen AR shows polymorphism for CAG repeat
number in exon 1 of the gene. The number of CAG repeats
ranges from CAGn = 10 to about CAGn = 30, and sensitivity to
testosterone is highest when CAGn is low (La Spada et al., 1991).
In KS, high CAGn is linked to gynecomastia, small testes and
above-average height (Zitzmann ef al, 2004; Bojesen et al.,
2011). There is some evidence that 2D:4D may be positively cor-
related with CAGn. Manning et al. (2003) have reported that
right 2D:4D and right-left 2D:4D were positively correlated with
CAGn in men, and Butovskaya et al., 2012 found a similar rela-
tionship between male left 2D:4D and CAGn. These relationships
were not replicated by Loehlin et al., (2011), and Hurd et al.,
(2011) in men, but Loehlin et al. (2011) reported a significant
positive correlation between left 2D:4D and CAGn in women. In
addition, Knickmeyer et al. (2011), considering 2D:4D in new-
borns, reported that 2D:4D was not predicted by CAGn or by
neonatal levels of testosterone, but that the interaction between
CAGn and testosterone was predictive of 2D:4D. However,
Hampson & Sankar (2012) were not able to replicate the findings
of Knickmeyer et al. (2011). It is becoming clear that low 2D:4D
is a powerful predictor of performance in sports that show a
substantial male advantage (e.g. Bennett et al, 2010). These
reports may map on to our finding that testosterone supplemen-
tation was more likely in KS individuals, who had low 2D:4D
(and presumably low CAGn and high sensitivity to testosterone).
However, we emphasize that the decision of treatment with tes-
tosterone for KS men is based on a sum of clinical and behavio-
ural arguments. Therefore, a simple measurement of 2D:4D is
unlikely to be a major factor in such a decision.

In conclusion, we have found that KS individuals have shorter
than expected fingers particularly when finger length is adjusted
for height, and have higher 2D:4D than that of their fathers or
control males. These findings are likely the consequence of low
foetal testosterone levels and their effect on finger growth, and
in particular growth of the fourth digit. In addition, KS individu-
als who are prescribed testosterone supplementation have low
right-left 2D:4D compared with KS males who are not prescribed
testosterone. This finding may arise because the former are more
sensitive to testosterone than the latter.
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