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The relative length of the second (index) to the fourth (ring) finger (2D:4D) is a putative negative

correlate of prenatal testosterone (T) exposure. Therefore, 2D:4D (and to a lesser extent Dr -l, the

difference between 2D:4D in the right hand and in the left hand) has often been used to study

effects of prenatal androgenization on human behavior and cognition. However, evidence

suggests that 2D:4D may also be related to levels of circulating sex hormones in adults. This

would question the validity of 2D:4D as a means of studying the effects of prenatal sex

hormones. Here we present new data from two non-clinical samples (64 women and 102 men)

regarding the relationships of 2D:4D and Dr-l with circulating sex hormone levels. We then

present a meta-analytic review of all the present evidence regarding this issue. The results suggest

that, in the normal population, 2D:4D and Dr- l are not associated with adult sex hormone levels.

The findings from this current study add to the growing body of evidence demonstrating that

2D:4D is a suitable tool to study the effects of prenatal androgenization on human behavior and

cognition.
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1. Introduction

The ratio of the length of the second (index) to the forth (ring) finger, 2D:4D, is sexually

dimorphic in humans. Averaged across samples from various populations, female values were

found to be about .25 standard deviations higher than male values (Manning et al., 2000).

Several lines of evidence suggest that foetal sex hormone (especially androgen) levels

bring about the sex difference in 2D:4D and also affect intra-sexual variability in this measure.

First, the sex difference in 2D:4D is already observable at the end of the first trimester of foetal

development (Malas et al., 2006). Second, the development of both, genitals and digits, is

controlled by the same genes HoxA and HoxD (Kondo et al., 1997). Third, the sex difference in

2D:4D appears unaffected by puberty as is evidenced by cross sectional (Manning et al., 1998)

and longitudinal (McIntyre et al., 2005; Trivers et al., 2006) data. Fourth, right hand 2D:4D at the

age of two years was found to be negatively correlated with the T/estrogen ratio as measured by

amniocentesis in the second trimester (Lutchmaya et al, 2004). Fifth, individual 2D:4D values

were shown to have high longitudinal stability from age 10 to age 14 (Trivers et al., 2006) and

some stability from infancy throughout to age 17 (McIntyre et al., 2005). Sixth, children with

congenital adrenal hyperplasia, a condition that results in abnormally high T levels during

gestation, were found to have lower 2D:4D values than normal controls in two studies (Brown et

al., 2002; Ökten et al., 2002). A third study did not find such a difference (Buck et al., 2003), but

this study shows some methodological shortcomings (for a thorough critique, see McIntyre,

2006). Seventh, females with male co-twins appear to be exposed to higher T levels in utero and

they have lower 2D:4D values than females with female co-twins (van Anders et al., 2006).

Eighth, 2D:4D negatively correlates with T sensitivity in androgen receptors as measured by the

number of CAG repeats in the androgen receptor gene (Manning et al., 2003). Ninth, autism is

believed to result from prenatal hypermasculinization of the brain, and autistic subjects were

found to have lower 2D:4D than normal controls (Manning et al., 2001).
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For these reasons, 2D:4D may be a valid marker of prenatal T exposure. As prenatal T

affects human behavior and cognition and since other ways of studying these effects in humans

are laborious and pose various difficulties (Cohen-Bendahan et al., 2005; Collaer and Hines,

1995) 2D:4D has become popular as a means to study the effects of prenatal androgenization in

humans, especially regarding sex-linked behaviors and traits (Manning, 2002a). In some areas,

findings regarding the relationship between 2D:4D and research variables appear quite diverse.

For example, a negative relationship between mental rotation ability and 2D:4D has been found

for females but not for males (Burton et al., 2005), for males but nor for females (Sanders et al.,

2005), or for neither sex (Alexander, 2006; Coolican and Peters, 2003; Falter et al., 2006). In other

areas, research results have been remarkably consistent. For example, all studies focusing at

2D:4D and athletic ability have found negative relationships (Hönekopp et al., 2006b; Manning,

2002a, 2002b; Pokrywka et al., 2005; Paul et al., 2006). Interestingly, evidence for homologous

effects of prenatal steroids as indicated by 2D:4D and of circulating steroids has been found in

some fields. For example, not only prenatal T but also circulating T appears to boost sport

performance in men (Neave and Wolfson, 2003); and both, low prenatal androgenization as

indicated by high 2D:4D values and high levels of circulating estrogen, appear to increase the risk

of eating disorders in women (Klump et al., 2006).

In sum, 2D:4D is promising as a marker for studying effects of prenatal androgenization

in humans (for a more thourough discussion, see McIntyre, 2006). However, questions remain

open. For example, it is unclear why the sex difference in 2D:4D is so low (about .25 standard

deviations) whereas the sex difference in prenatal T levels appears to be much higher (d ≈1.9; cf.

Knickmeyer et al., 2005; van de Beek et al., 2004). This difference in effect sizes suggests that

other, yet to be discovered, factors than prenatal T affect 2D:4D and that 2D:4D may not be a

very accurate indicator of prenatal T. To clarify the latter point, more longitudinal studies

comparing prenatal T with 2D:4D values later in life would be of great value.
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Here, we focus on another possible problem of 2D:4D: Potential associations between

2D:4D and levels of circulating sex hormones threaten its validity as a measure of prenatal

androgenization as we argue below. Our aim is therefore to clarify the relationship between

2D:4D and circulating sex hormone levels. In order to do so, we present new data regarding

associations between 2D:4D and current levels of various sex hormones in women and men. We

then review the literature on the relationship between sex hormone levels and 2D:4D, using

meta-analytic procedures when appropriate. However, before we turn to the new data and the

literature review, we show why potential associations between adult sex hormone levels and

2D:4D would threaten the validity of the latter as a means of studying prenatal androgenization,

and we argue why such associations might be expected.

As 2D:4D appears to reflect prenatal T levels, a correlation between 2D:4D and X (the

study variable of interest) is usually interpreted as indicating an effect of prenatal T on X (see

Figure 1a). Although this interpretation is plausible, it is not necessarily correct. 2D:4D may not

exclusively reflect prenatal androgenization but also adult levels of sex hormones (see below). In

this case, an observed relationship between 2D:4D and X may not arise from prenatal T but from

activational effects of circulating sex hormones on X, from effects of X on circulating sex

hormones, or from bidirectional causation (Figure 1b). Of course, an association between

circulating adult hormones and 2D:4D does not undermine possible prenatal hormonal

influences on digit ratios. But in this case, it may be wrong to conclude, on grounds of an

observed relationship between the study variable and 2D:4D, that prenatal androgenization

affects this variable. It is thus important to clarify the relationship between 2D:4D and adult

circulating sex hormone levels, which is our objective.

Is it plausible to assume a correlation between 2D:4D and adult sex hormone titres? A

causal effect of adult sex hormones on 2D:4D is unlikely because the onset of puberty does not

change the sex difference in 2D:4D (Manning et al., 1998; McIntyre et al., 2005; Trivers et al.,

2006). Nonetheless, theoretical considerations make an association plausible. This is, because
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prenatal exposure to sex hormones, affecting 2D:4D, may be associated with adult circulating sex

hormone levels (Figure 1c). Prenatal T appears to stem from the fetuses and not from their

mothers. This is indicated by the fact that amniotic T levels are not correlated with maternal

serum T levels (van de Beek et al, 2004). But if prenatal and adult T stem from the same organs

their titres may show a positive correlation. This should effect an association between 2D:4D and

adult levels of circulating sex hormones (Figure 1c).

So far, we have focused on a potential association between adult T levels and 2D:4D. For

three reasons, however, it is necessary to broaden the scope to other sex hormones. First, 2D:4D

may not exclusively reflect prenatal T levels but also prenatal estradiol (Lutchmaya et al, 2004).

Second, complex relationships between sex hormones are common. And third, empirical findings

suggest an association of 2D:4D with adult FSH and LH levels (see below).

We now turn to the empirical evidence regarding potential associations between 2D:4D

and adult sex hormones. Indirect evidence supports the idea of an association between 2D:4D

and adult T. Manning et al. (2002) found a negative relationship between parents’ 2D:4D and

offspring sex ratio (i.e., proportion of sons). Because parents’ current T levels at the time of

conception are positively related to sex ratio, this result suggests a negative association between

2D:4D and adult circulating T levels. Previous direct findings regarding associations between

2D:4D and adult sex hormone levels are listed in detail in Tables 3 and 4. In brief, these findings

are incomplete and inconsistent. Relationships between 2D:4D and adult T have been studied

best. Conflicting results have been obtained for women (e.g., van Anders and Hampson, 2005,

vs. Benderlioglu and Nelson, 2004) and men (e.g., Manning et al., 1998, vs. Bang et al., 2005).

Whereas studies on women have focused exclusively on T, studies on men have obtained (partly

conflicting) results, which suggest an association of 2D:4D with FSH and LH (Manning et al.,

2004, vs. Bang et al. 2005).

We present new data investigating, for the first time, the relationship of 2D:4D with 17-β-

estradiol (E2), FSH, LH, and progesterone in women and with E2 in men. Studying E2 is
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especially important because 2D:4D may be related to prenatal estradiol (Lutchmaya et al, 2004);

studying FSH and LH in women is important because of the already mentioned findings in men

(Bang et al. 2005; Manning et al., 2004). We also investigated the association between 2D:4D and

T, because conflicting findings have been obtained before. We then review all studies that have

investigated associations between adult sex hormone levels and 2D:4D, using meta-analytic

techniques to summarize multiple results.

Synthesizing multiple results by meta-analyses has several advantages. First, meta-analyses

have a higher statistical power than the primary studies they are based upon. Thus, they may

reveal effects that tend not to be detected in single studies yield. Moreover, meta-analyses yield

especially precise estimates of the size of such effects. In the present context, this is highly

desirable because primary studies have rarely studied large samples. The statistical power of

primary studies in this field also suffers from the limited reliability of single hormone

measurements. Sex hormone levels tend to vary from day to day, across the day, and they

respond to external events (van Anders and Watson, 2006). Thus, multiple hormone measures

would be desirable to arrive at precise measurements. Probably for economic reasons, this has

not been done in most studies reviewed here (including our own). Second, meta-analyses can

resolve conflicts arising from conflicting primary results. Meta-analyses help to understand

whether conflicting evidence stems from chance, from differences in statistical power, or from

the fact that the studied effect varies across populations (e.g., clinical vs. normal samples) or

across particulars of methods (e.g., time of hormone measurement). Conflicting evidence is likely

due to particulars of samples or methods if effect sizes vary more strongly across studies than

would be expected by chance (Shadish and Haddock, 1994).

Similar to 2D:4D, left hand 2D:4D minus right hand 2D:4D (Dr-l) has also been suggested

to be a negative correlate of prenatal androgenization in humans (Manning, 2002a; Manning et

al., 2003). As D r-l is sometimes used as a putative negative measure of prenatal androgenization



8

(e.g., Manning, 2002a) we extend our present analyses to relationships between Dr -l and adult

circulating sex hormone levels.

2. New data

2.1. Methods

The original female sample (Sample 1) consisted of 66 women who were recruited via newspaper

advertisements, leaflets, and newsgroup postings in Chemnitz, Dresden, and Leipzig (Saxony,

Germany). All women gave their informed consent to participating in a larger study on sex

hormones and attractiveness. Only women who did not use hormonal contraceptives were

eligible to participate. All women were nulliparous and happened to be Caucasian. One woman

was dropped from the original sample because her finger lengths were not measured; another

participant was dropped because her sex hormones could not be measured within the intended

time frame (day four to ten after menstruation onset). The male sample (Sample 2) consisted of

102 men from Chemnitz and vicinity who participated in a study on physical fitness and

attractiveness (Hönekopp et al., in press). For a large subgroup of the male sample, Hönekopp et

al. (2006a) previously reported on the association between 2D:4D and sexual behavior, and

Hönekopp et al. (2006b) previously reported on the association between 2D:4D and physical

fitness.

Between 0800h and 1000h, 5 ml venous blood was taken from all participants. For

women, this took place four to ten days after menstruation onset. We chose this time frame

because sex hormone levels remain relatively stable across this part of the menstrual cycle. Serum

was obtained, aliquoted, and stored at -20°C. Economic constraints caused the use of different

methods of analysis for both samples. Electrochemiluminescence immunoassays Elecsys 17-β-

estradiol, progesterone, LH, FSH (Roche Diagnostics GmbH, Mannheim, Germany) and LIA

ACCESS Testosterone (Beckman Coulter Inc., Fullerton CA, USA) were used to analyze the

women’s samples. The kits show inter-assay variabilities < 13% (E2 and T), < 12%
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(progesterone), < 10% (SHBG), and < 5% (LH and FSH). Radioimmunoassay was used to

analyze the men’s samples for E2, T, and SHBG. The kits RIA ACTIVETM TESTOSTERONE,

RIA SHBG, and RIA ESTRADIOL ULTRA-SENSITIVE (Diagnostic System Laboratories,

Webster TX) were used. These kits show inter-assay variabilities <10%, <5%, and <12%,

respectively. All samples from women were analyzed together; the same was true for all samples

from men. All analyzes were performed at the Klinikum Chemnitz, following the manufacturer’s

protocol. All control values were within the range specified by the manufacturer.

For the men, we computed a free androgen index (FAI) as total T/SHBG, which is highly

correlated with bioavailable T (Nanjee and Wheeler, 1985).

Participants’ finger lengths were measured from digital photographs of the palmar

surfaces of both hands. Participants lightly pressed their palms against a glass plate

perpendicularly mounted on a table. Pictures were then taken through the glass plate. Three

people blind to all other data independently measured the finger lengths using morph man 2.01

software, which allows storing the coordinates of specified pixels. Men’s 2D:4D were taken from

Hönekopp et al. (2006b), who successfully used this method for measuring 2D:4D.

2.2. Results

2D:4D measurements proved to be highly reliable for women’s right hands (Cronbach’s

alpha = .93) and women’s left hands (alpha = .94). Accordingly, we averaged, for each hand, all

three 2D:4D measurements. All analyses are based on these averages.

Descriptive statistics for the sample of 64 women are listed in Table 1. As expected, none

of the hormone measurements were correlated with the time span between the onset of

menstruation and serum extraction (all unsigned r < .08, all P > .54). Descriptive statistics for the

sample of 102 men are also listed in Table 1.

In women, 2D:4D in the right and in the left hand were correlated r = .70 (P < .001); in

men, this correlation was r = .68 (P < .001). As expected, women’s as compared to men’s
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2D:4Ds were larger in the right hand (independent-samples t test: t164 = 3.6, P < .001) and in the

left hand (t164 = 2.9, P = .005). In line with Putz et al. (2004), Dr -l did not differ significantly

between the sexes (t164 = 0.5, P = .48).

The correlations between digit ratios and sex hormones are listed in Table 2 for both

samples. None of them proved statistically significant. This includes LH and FSH in women,

which have been found to be positively associated with 2D:4D in men before (e.g., Manning et

al., 2004).

3. Meta-analytic review

We next review all findings on relationships between 2D:4D and adult levels of

circulating sex hormones that are available at present. If more than one study addressed a

particular relationship, we integrated the multiple study results using meta-analytic techniques.

3.1. Method

We used the data bases PsycINFO and Entrez PubMed to find relevant studies, using the

search terms 2D:4D, finger length* , and digit ratio. We used the reference section in the retrieved

documents to look for further studies pertaining to our issue. All studies that reported

relationships between 2D:4D and adult levels of circulating sex hormones were included in our

review. Our analyses were based on 10 documents reporting the results of 15 samples, plus

Samples 1 and 2 reported above. Altogether, these 17 samples comprised 332 female and 850

male participants.

Relationships between 2D:4D and circulating levels of sex hormones may differ between

women and men. Also, potential associations may depend on the hand from which 2D:4D is

being measured (Manning, 2002a). We therefore analyzed all data separately for women and men,

and for right hand 2D:4D, left hand 2D:4D, and Dr-l. Studies that analyzed T from saliva and FAI

from serum were analyzed together because both methods measure bioavailable T.
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Most studies provided the relevant effect sizes (i.e., correlations) directly. In some cases,

we had to compute them from test statistics, which we did as suggested by Rosenthal (1994). If

studies reported non-significant correlations but did not give the precise values, we wrote to the

authors, who kindly provided the exact results. In all cases, the analyzed effect sizes were zero-

order correlations. If more than one study reported a specific relationship, we computed the

mean effect size from z-transformed correlations, weighting each effect size according to its

sample size (i.e., with n-3). For each mean weighted effect size, we computed the lower and upper

bound of the .95-confidence interval. We tested if the primary results varied more than would be

expected by chance (Shadish & Haddock, 1994). Significantly heterogeneous results indicate that

the studied effect depends on the population studied, on the method employed, or on some

other systematic factor. If between-study variance was greater than expected by chance (P≤.05),

we used a random effects model to compute the confidence interval, following Equation 18-23

from Shadish and Haddock (1994). In this case, we also computed SDrnd, which indicates how

strongly the studied effect varies across populations, methods of study, or other systematic

factors. If the results of the primary studies were homogeneous (i.e., varied within the limits

expected by chance) the computation of the confidence interval followed a fixed effects model.

3.2. Results and discussion

We first turn to those associations between 2D:4D and adult sex hormones that have

been studied in more than one sample. The primary findings are listed in the left part of Table 3.

Its right part shows the aggregated results. In general, associations between sex hormones and

digit ratios proved to be non-significant and the variance in results across studies was not greater

than expected by chance. However, three statistically significant exceptions are noteworthy, all of

which pertain to men. Dr-l showed a low negative correlation with total T; right hand 2D:4D

showed a small positive correlation with FSH; and results regarding right hand 2D:4D and LH

showed substantial between-studies variance.
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We next turn to those associations that have been studied in only one sample (Table 4).

As can be seen, non-significant results (most of them stemming from our Samples 1 and 2)

prevail. Two noteworthy exceptions stem from Manning et al. (2004), who found substantial

associations of left hand 2D:4D with FSH and LH in men.

In sum, Tables 3 and 4 contain five unusual (i.e., statistically significant) results. It is

noteworthy that all five exceptions are partly or entirely based on a highly atypical sample of

infertile men, many of which probably had severely compromised testicular function (Manning et

al., 2004). Three of the five exceptional findings involved at least one other sample; in all three

cases, the sample of infertile men produced the most extreme result. When we omitted the results

from this atypical sample from our analyses, the relationship between Dr-l and total T from serum

in men was not statistically significant any more (mean weighted r = -.13, rlower = -.28, rupper = .03).

Thus, only one out of five unusual results remained significant (Table 3, figure in bold face):

Bang et al. (2005) found a small correlation between FSH and right hand 2D:4D in normal men.

Given the high number (29) of remaining associations between 2D:4D or Dr-l and levels of

circulating sex hormones that have been studied a single significant result is about what one

would expect by chance.

Manning et al. (2004) conclude from their findings that the variability in circulating T

levels among male patients of infertility clinics may be greater than in normal controls. An

unusually high variance in circulating T may explain why there appears to be a relationship with

2D:4D in this sub-population.

4. General Discussion

The length ratio of the second (index) to the fourth (ring) finger (2D:4D), a putative

negative correlate of prenatal T, has become a popular variable for studying effects of prenatal

androgenization in humans. However, 2D:4D may not exclusively reflect prenatal sex hormones

but also adult circulating sex hormone levels. Therefore, observed relations between 2D:4D and
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variables of interest in adults may not reflect effects of prenatal androgenization, as is commonly

assumed, but the effects of circulating sex hormones. Here, we set out to clarify the relationship

between 2D:4D and adult sex hormone levels. We did so by providing new data from two non-

clinical samples (comprising of 64 women and 102 men) and by reviewing and meta-analyzing the

available evidence.

Our review pertaines to 32 relationships between putative indicators of prenatal

androgenization (left hand 2D:4D, right hand 2D:4D, Dr-l) and measures of circulating levels of

sex hormones (total T, bioavailable T, E2, LH, FSH, and progesterone). Several significant

relationships, involving T, FSH, and LH, were obtained for men. However, these relationships

depended largely or entirely on one highly atypical sample of infertile men (Manning et al., 2004).

Without the results from this sample, we obtained data on 29 relationships. Only one of them,

pertaining to right hand 2D:4D and FSH in men, was statistically significant. For a number of

reasons, this finding does not challenge the usefulness of 2D:4D as an indicator of prenatal

androgenization. First, given the large number of associations examined, this finding may well

have arisen from chance. Second, although statistically significant, the relationship was very small

(r = .12). Third, and most importantly, considerations regarding the effects of sex hormones on

behavior and cognition focus on T in males and on T, estrogen, and progesterone in females

(e.g., Fitch and Denenberg, 1998; Keefe, 2002). We are not aware of results or considerations

that suggest an effect of current FSH levels on men’s behavior or cognition. For the theoretically

more important hormones, T, estrogen, and progesterone, the present evidence does not suggest

an association with 2D:4D or Dr -l in the normal population.

A word of caution is in order regarding the relationship between 2D:4D and circulating T

levels in men. Recently, van den Bergh and Dewitte (2006) found that 2D:4D predicts T spikes

triggered by sexual cues in men. Thus, researchers should ensure that obtained relationships

between 2D:4D and actual behavior do not reflect effects of a transient T spike (e.g. caused by

the presence of an attractive experimenter) on that behavior.
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Our review was entirely based on published studies. The results of published studies may

not be representative for the results of all studies that have investigated the particular question of

interest. This is because statistically significant studies as compared to statistically non significant

studies have a higher chance to get published. The resulting underrepresentation of non

significant results is a potential threat to the validity of meta-analyses (e.g., Begg, 1994). This is

not true in our case because unpublished, non significant results would strengthen but not

weaken our conclusions.

However, one should keep in mind that the absence of evidence is not the same as the

evidence of absence. Those of our results that did not pertain to T were often based on only one

sample, and the respective confidence intervals were often large. Thus, we cannot rule out that

future studies may reveal moderate associations between 2D:4D or Dr -l and levels of circulating

sex hormones in the normal population. However, the present evidence suggests that neither

2D:4D nor Dr- l are associated with adults’ sex hormone levels in healthy adults. This supports the

validity of 2D:4D as a means to study the effects of prenatal androgenization on human behavior

and cognition.
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Figure captions

Figure 1: How should a correlation between 2D:4D and the study variable (X) be interpreted?

Usually it is seen as indicating an effect of prenatal testosterone on X (a). However, given a

correlation between 2D:4D and adult steroid levels, the same correlation may instead indicate

unidirectional or bidirectional causation between adult hormone levels and X (b). The critical

correlation between 2D:4D and adult steroids may arise from an association between foetal T

and adult steroids (c). (Dotted lines indicate correlations, arrows indicate causation).
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Table 1: Descriptive statistics for Sample 1 and 2 (M±SD).
Sample 1 Sample 2

Age (years) 22.4±2.5 22.4±1.3

Progesteron (nmol/l) 2.2±0.8

LH (U/l) 7.0±4.0

FSH (U/l) 6.6±1.5

E2 (pmol/l) 172±72 90±23

total T (nmol/l) 1.6±0.9 18.1±5.1

FAI 81.5±38.1

right hand 2D:4D 0.967±0.027 0.958±0.034

left hand 2D:4D 0.981±0.030 0.966±0.035

D r-l -.005±.022 -.008±.027
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Table 2: Correlations between digit ratios and sex hormones.
Sample 1 Sample 2

r2D:4D l2D:4D Dr-l r2D:4D l2D:4D D r-l

Progesteron .16 .20 -.08

LH .12 -.03 .19

FSH .11 -.01 .14

E2 -.01 .07 -.10 .04 .12 -.10

total T .11 .10 -.01 .04 .10 -.08

FAI .08 .11 -.04
Note: r2D:4D = right hand 2D:4D; l2D:4D = left hand 2D:4D. All P ≥.13.
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Table 3. Associations between digit ratios and levels of circulating sex hormones in adults
(multiple samples).

Single studies Aggregated findings

study sex n age sample digits r SDrnd mean r rlower

bioavailable testosterone

Bang et al. (2005)
Sample 2
Benderlioglu and Nelson (2004)
Neave et al. (2003)
Roney and Maestripieri (2004)
Falter et al. (2006)
Kempel et al. (2005)

Sample 2
Benderlioglu and Nelson (2004)
Neave et al. (2003)
Kempel et al. (2005)

Sample 2
Benderlioglu and Nelson (2004)

Benderlioglu and Nelson (2004)
van Anders et al. (2005)
Kallai et al. (2005)
Falter et al. (2006)
Kempel et al. (2005)
van Anders et al. (2005)

Benderlioglu and Nelson (2004)
van Anders et al. (2005)
van Anders et al. (2005)
Kallai et al. (2005)
Kempel et al. (2005)

m
m
m
m
m
m
m

m
m
m
m

m
m

f
f
f
f
f
f

f
f
f
f
f

360
102
97
48
39
35
17

102
97
48
17

102
97

77
75
40
34
23
18

77
75
19
40
23

19.5±1.0
22.4±1.3
20.5±1.9
21.3±3.4
21.4±3.7
24.1±3.0
24.2±4.2

22.4±1.3
20.5±1.9
21.3±3.4
24.2±4.2

22.4±1.3
20.5±1.9

20.5±1.9
23.3±??
21.3±1.6
24.1±4.6
23.5±4.3
25.9±??

20.5±1.9
23.3±??
25.9±??
21.3±1.6
23.5±4.3

normal
normal
normal
normal
normal
normal
normal

normal
normal
normal
normal

normal
normal

normal
normal
normal
normal
normal
normal

normal
normal
normal
normal
normal

r2D:4D
r2D:4D
r2D:4D
r2D:4D
r2D:4D
r2D:4D
r2D:4D

l2D:4D
l2D:4D
l2D:4D
l2D:4D

Dr-l

Dr-l

r2D:4D
r2D:4D
r2D:4D
r2D:4D
r2D:4D
r2D:4D

l2D:4D
l2D:4D
l2D:4D
l2D:4D
l2D:4D

-.03
.08
-.10a

-.05
.20a

-.21a

.03

.11
.08a

.03

.11

-.04
-.20a

.03a

-.10
-.16
-.20a

-.22
.56

.01a

-.04
.11
-.02
-.02

n.s.

n.s.

n.s.

n.s.

n.s.

-.02

.09

-.14

-.05

-.02

-.10

-.04

-.27

-.18

-.15



25

(Table 3 continues)

Single studies Aggregated findings

study sex n Age sample digits r SDrnd mean r rlower

total testosterone

Bang et al. (2005)
Sample 2
Manning et al. (1998)
Manning et al. (2004)
Manning et al. (2004)

Sample 2
Manning et al. (1998)
Manning et al. (2004)
Manning et al. (2004)

Sample 2
Manning et al. (2004)
Manning et al. (2004)

m
m
m
m
m

m
m
m
m

m
m
m

360
102
58
51
43

102
58
51
43

102
51
43

19.5±1.0
22.4±1.3
34.1±0.7
56.5±4.8
39.0±7.6

22.4±1.3
34.1±0.7
56.5±4.8
39.0±7.6

22.4±1.3
56.5±4.8
39.0±7.6

normal
normal
clinical
normal
clinical

normal
clinical
normal
clinical

normal
normal
clinical

r2D:4D
r2D:4D
r2D:4D
r2D:4D
r2D:4D

l2D:4D
l2D:4D
l2D:4D
l2D:4D

Dr-l

Dr-l

Dr-l

.03

.04
-.29
-.08
-.09

.10
-.23
.11
.23

-.08
-.23
-.44

n.s.

n.s.

n.s.

-.02

.05

-.20

-.10

-.08

-.33

FSH from serum

Bang et al. (2005)
Manning et al. (2004)

m
m

360
43

19.5±1.0
39.0±7.6

normal
clinical

r2D:4D
r2D:4D

.12

.39 n.s. .15 .05

LH from serum

Bang et al. (2005)
Manning et al. (2004)

m
m

360
43

19.5±1.0
39.0±7.6

normal
clinical

r2D:4D
r2D:4D

.04

.50 .34 .09 -

Note: SDrnd = unaccounted variability in effect sizes between studies; mean r = weighted mean

effect size; rlower, rupper = lower/upper bound of .95 confidence interval; r2D:4D = right hand

2D:4D; l2D:4D = left hand 2D:4D; a = data obtained through personal communication.

Exceptional (i.e., statistically significant) results are underlined. All involve one highly atypical

sample from Manning et al. (2004). The only result that remained statistically

significant after removing the highly atypical sample is printed in bold face.
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Table 4. Associations between digit ratios and levels of circulating sex hormones in adults (single
samples).

study sex n age sample digits r

FSH from serum

Manning et al. (2004)
Manning et al. (2004)
Sample 1
Sample 1
Sample 1

m
m
f
f
f

43
43
64
64
64

39.0±7.6
39.0±7.6
22.4±2.5
22.4±2.5
22.4±2.5

clinical
clinical
normal
normal
normal

l2D:4D
D r-l

r2D:4D
l2D:4D

D r-l

.33

.05

.11
-.01
.14

LH from serum

Manning et al. (2004)
Manning et al. (2004)
Sample 1
Sample 1
Sample 1

m
m
f
f
f

43
43
64
64
64

39.0±7.6
39.0±7.6
22.4±2.5
22.4±2.5
22.4±2.5

clinical
clinical
normal
normal
normal

l2D:4D
D r-l

r2D:4D
l2D:4D

D r-l

.59
-.15
.12
-.03
.19

total testosterone

Sample 1
Sample 1
Sample 1

f
f
f

64
64
64

22.4±2.5
22.4±2.5
22.4±2.5

normal
normal
normal

r2D:4D
l2D:4D

D r-l

.11

.10
-.01

bioavailable testosterone

Benderlioglu et al. (2004) f 77 20.5±1.9 normal D r-l -.03a

17-β-estradiol from serum

Sample 2
Sample 2
Sample 2
Sample 1
Sample 1
Sample 1

m
m
m
f
f
f

102
102
102
64
64
64

22.4±1.3
22.4±1.3
22.4±1.3
22.4±2.5
22.4±2.5
22.4±2.5

normal
normal
normal
normal
normal
normal

r2D:4D
l2D:4D

D r-l

r2D:4D
l2D:4D

D r-l

.04

.12
-.10
-.01
.07
-.10

progesterone from serum

Sample 1
Sample 1
Sample 1

f
f
f

64
64
64

22.4±2.5
22.4±2.5
22.4±2.5

normal
normal
normal

r2D:4D
l2D:4D

D r-l

.16

.20
-.08

Note: r2D:4D = right hand 2D:4D; l2D:4D = left hand 2D:4D; a = data obtained through

personal communication. Both statistically significant results (underlined) stem from the same

atypical sample.



27

2D:4D

X

(b)

adult
steroid

s

foetal T 2D:4D

X

(a)

foetal T 2D:4D

(c)

adult
steroid

s


