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Abstract The second to fourth digit ratio (2D:4D) is

smaller in human males than in females and hence this trait is

sexually dimorphic. The digit ratio is thought to be estab-

lished during early prenatal development under the influence

of prenatal sex hormones. However, the general assumption

of early establishment has hardly been studied. In our study,

we analyzed the 2D:4D ratio in 327 deceased human fetuses.

We measured digit lengths in 169 male and 158 female fe-

tuses ranging from 14 to 42 weeks old. Our results showed a

slight, but significant, sexual dimorphism in the expected

direction, i.e., females had, on average, a ratio of 0.924 and

males a ratio of 0.916. There was no significant relationship

with the presence or absence of minor and major or single and

multiple congenital abnormalities. There was a minimal, but

significant difference between digit ratios based on digit

lengths including and excluding the non-bony fingertip with

the values being strongly correlated (r = .98). The prenatal

2D:4D ratio was lower than has thus far been reported for

children and adults both for males and females. The extent of

the sexual dimorphism in fetuses was similar to that found for

children, but lower than for adults. The 2D:4D ratio, thus,

seems to increase after birth in both men and women, with the

second digit growing faster than the fourth digit (positive

allometric growth of digit two) and perhaps more so in wo-

men than in men. Therefore, the sexual dimorphism is prob-

ably determined by prenatal as well as by postnatal devel-

opmental processes.
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Introduction

In humans, the relationship of the length of the second (index)

finger and fourth (ring) finger (2D:4D) is, on average, lower

in male than in female adults (e.g., Ecker, 1875; George,

1930; Manning, Scutt, Wilson, & Lewis-Jones, 1998) and,

hence, this ratio shows a sexual dimorphism. There is con-

siderable variation in the 2D:4D ratio within populations.

In both sexes, the second digit can be longer or shorter than

the fourth digit (Jones, 1944). It is generally assumed that

the sexual dimorphism is established during early prenatal

development under the influence of sex hormones and the

2D:4D ratio is usually assumed to be stable after early pre-

natal stages (e.g., Garn, Burdi, Babler, & Stinson, 1975;

Manning et al., 1998; Phelps, 1952) or after two years of age

(Brown, Hines, Fane, & Breedlove, 2002). In contrast,

Trivers, Manning, and Jacobson (2006) found in a longitu-

dinal study of Jamaican children a slight but significant in-

crease in the 2D:4D ratio for boys and girls from 7–13 to 11–

17 years of age four years later, with a high correlation be-

tween measurements on the same individuals. This suggests

that the 2D:4D ratio does not remain constant throughout life,

but slowly increases in a stable manner during childhood.

These findings are in agreement with an earlier study by

Schultz (1926) on Caucasian fetuses. Schultz found that

2D:4D ratios larger than one (second digit longer than fourth
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digit) were very rare in young fetuses and that their incidence

increased from 2% in fetuses of three months old to 14% in

fetuses six to ten months old.

Despite the findings of Schultz (1926) and Trivers et al.

(2006), it is generally assumed that the differences in digit

length ratios between females and males are already estab-

lished in utero and Garn et al. (1975) and Phelps (1952) are

usually cited to substantiate this claim. However, these

studies did not provide evidence for this. Garn et al. (1975)

found in 56 human fetuses that the average rankings accord-

ing to size of the phalanges and metacarpals in fetuses of

7 weeks and older corresponded rather well with those in

adults. Interestingly, Garn et al. found no significant differ-

ences between male and female fetuses and they combined

the data in their results. The conclusion of Garn et al. was

rather general in that the relative sizes of bones of the hand

were established early during gestation. Phelps (1952) did not

study the 2D:4D ratio in fetuses but only in adults and con-

cluded, citing other studies, that in fetuses 2D:4D ratios occur

that are smaller than one, larger than one, and equal to one.

For this, Phelps cited the above-mentioned study of Schultz

(1926), as well as a smaller study by Huizinga (1949). Malas,

Dogan, Evcil, and Desdicioglu (2006) found in a study of 161

fetuses without external abnormalities a significantly larger

2D:4D ratios for female fetuses than for male fetuses. The

2D:4D ratios that Malas et al. found were similar to those

found in other studies of adults (Table I), suggesting that

2D:4D ratios do not change after birth. The findings of Malas

et al. are, thus, in contrast with those of Schultz (1926) and of

the longitudinal study of Trivers et al. (2006).

In this study, we analyzed the 2D:4D ratios in 347 de-

ceased fetuses to test whether the 2D:4D ratio is already

established during early fetal development. For this purpose,

we tested whether there were differences between male and

female fetuses, and whether there was a change with age by

comparing our data with those in the literature on children

and adults. Finally, because our sample was not unbiased,

but consisted of deceased fetuses, we tested whether there

was a relationship of the 2D:4D ratio and the presence

or absence of minor and major congenital abnormalities to

investigate whether comparison with the general population

was possible.

Method

Subjects

Since 1980, deceased human fetuses which arrive for

examination at the VU Medical Centre in Amsterdam are

routinely radiographed ventrally and laterally with hands

taped in as straight a position as possible (23 mA, 70–90 kV,

4–12 s, Agfa Gevaert D7DW Structurix films). The ventral

radiographs of 643 fetuses that died between 1992 and 1999

were used for this study. A total of 316 fetuses were excluded

for measurements because the fingers could not be properly

positioned for the radiographs. In total, 169 male and 158

female fetuses (M, 28 weeks ± 11 weeks; range, 14–42

weeks) were examined for the left and right hand 2D:4D. For

male fetuses, 129 left hands and 138 right hands were mea-

sured and, for 98, measurements were made on both hands.

For female fetuses, 118 left hands and 130 right hands were

measured and, for 90, both hands could be measured. Data

on ethnicity were not available, but the patient population

of the VU Medical Centre is predominantly Caucasian. Ges-

tational ages were provided by the gynecologist, based on

the time since the first day of the last menstruation (post-

menstruation).

Measures

Measurements of the digits were made from the midpoint

of the proximal end of the proximal phalanx bone to the

midpoint of the distal end of the distal phalanx bone of the

second and fourth digit (Fig. 1) with a transparent ruler with

resolution of .01 cm. For 53 randomly sampled digit ratios,

digit lengths were also measured for the complete finger

(i.e., including the non-bony finger tip). Measurements were

carried out by one of two investigators without prior knowl-

edge of the autopsy reports (however, several congenital

Fig. 1 Radiograph of right hand. Lines indicate length of the midpoint

of the proximal end of the proximal phalanx to the midpoint of the distal

end of the distal phalanx. The fourth digit is longer than the second digit

and this is the case in all but one specimen
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anomalies could be seen in radiographs) and of the sex of the

fetus. To compare the accuracy of the measurements of the

two investigators, 38 randomly sampled fetuses were inde-

pendently measured by each investigator. The repeatability

of the digit length measurements was high (r = .99). The

entire procedure of positioning a fetus and making a radio-

graph was standardly repeated in the hospital for larger fe-

tuses (for technical reasons) and for 32 randomly sampled

fetuses of this set we repeated the measurements. The repeat-

ability of the measurements also was high (r = .94 for the

right hand ratio and r = .95 for the left hand ratio).

Diagnosis of Abnormalities

Standard autopsy reports were made by pathologists and filed

in a national pathological archive (PALGA). We searched the

reports for single and multiple congenital abnormalities.

Furthermore, we distinguished between minor and major

congenital abnormalities following Merks, van Karnebeek,

Caron, and Hennekam (2003) for external and skeletal abnor-

malities and Lancaster and Pedisich (1995) for further

abnormalities. We opted for a classification in terms of minor/

major and single/multiple abnormalities, because it reflects

our expectations on the strength of the deleterious effects of

these abnormalities. The condition of the environment (e.g.,

the mother) and the condition of the individual both influence

the chance of a premature death. In addition, we considered

dysmaturity and embryonal tumors to be major abnormalities

and prematurity and the presence of an infection a minor

abnormality (for a more detailed description of the abnor-

malities, see Galis et al., 2006).

Statistical Analysis

2D:4D ratio was calculated on both hands of each individual.

Note that this was not possible in all individuals, so for the

347 fetuses, at least one 2D:4D was available. For each side

and sex, more than 100 observations were available. In order

to compare digit ratios between males and females and be-

tween hands, and to test for an association with age, a linear

model with repeated measures error structure was used

(Verbeke & Molenbergs, 2000). Measurements on both

hands within a fetus were thus considered as repeated mea-

surements and the error matrix was of the so-called unstruc-

tured type. A separate residual variance for each side and one

covariance parameter were estimated. Sex, left or right hand,

age (continuous covariate), and all two-way and three-way

interactions were added as fixed effects. Furthermore, we

analyzed whether there was a relationship between 2D:4D

development and the presence or absence of congenital

abnormalities and whether they were considered to be minor

or major. All analyses were performed in SAS version 9.

Results

To present the results from our analysis graphically, the raw

data and model predictions were plotted (Fig. 2). For both

male and female fetuses, there were no significant differences

between left and right hand 2D:4D, but, as previously re-

ported, male fetuses had a lower 2D:4D (significant sex ef-

fect), F(1, 324) = 4.26, p = .03, but not side, F(1, 324) \ 1,

or a side by sex interaction, F(1, 323) \ 1. The mean values

were: male fetuses: left hand = .915 (SD = .034), right

hand = .916 (SD = .037); female fetuses: left hand = .927

(SD = .032), right hand = .923 (SD = .034). There ap-

peared to be a decrease of the 2D:4D ratio with age which

differed between the left and right hand (significant age ef-

fect), F(1, 324) = 4.19, p = .04, and a side by age interac-

tion, F(1, 323) = 4.00, p = .05. This association appeared to

be comparable between male and female fetuses since there

was no significant three-way, F(1, 323) \ 1, or age by sex

interaction, F(1, 323) \ 1. In both male and female fetuses,

2D:4D decreased slightly, but significantly, with age in the
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Fig. 2 The 2D:4D ratio in

deceased male and female human

fetuses. Males have, on average,

a slightly lower ratio than

females for both hands (.91 vs.

.92). The ratio slightly, but

significantly declines for the left

hand, but not for the right hand
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left hand, slope = -.007 (SE = 0.003), p = .008, r2 = 4.4%,

but not in the right hand, slope = -.003 (SE = .003),

p = .30, r2 = 0.6% (Fig. 2).

Next, we tested whether 2D:4D differed for fetuses with

the presence or absence of minor or major congenital

abnormalities in a linear model containing the significant

effects presented above. The 2D:4D ratios did not differ

between fetuses with or without congenital abnormalities,

F(1, 303) = 2.58, p = .11. Within fetuses with congenital

abnormalities, there was no significant difference in 2D:4D

ratio for minor and major abnormalities, F(1, 303) \ 1.

Finally, we tested whether 2D:4D ratios differed when the

complete finger, including the non-bony finger tips, was

measured. The 2D:4D ratios differed only slightly, although

significantly (.925, SE = .004 with non-bony finger tip,

versus .921, SE = .004 without non-bony finger tip), paired

t-test, df = 52, p \ .0001. The correlation between the two

types of measurements was strong (r = .97, df = 51,

p \ .0001).

Discussion

Male and female fetuses of 14 weeks gestational age or older

showed a small, but significant, difference in 2D:4D ratio.

The difference was in the expected direction, i.e., males had a

lower ratio than females. The extent of the sexual dimor-

phism was smaller than found in studies of adults (Table 1). It

was comparable in size to that found for children in the

studies of Trivers, Manning, Thornhill, Singh, and McGuire

(1999) and Trivers et al. (2006), but smaller than in an earlier

smaller study on Turkish fetuses without external abnor-

malities by Malas et al. (2006) (Table 1). Unexpectedly, we

did find a very weak negative relationship with gestational

age for the left hand, but not for the right hand.

In agreement with what has been speculated in the litera-

ture and with earlier data from Malas et al. (2006), our data

suggest that already at a gestational age of 14 weeks the

sexual dimorphism is present. This is in agreement with the

hypothesis that early levels of sexual hormones have a lasting

influence on 2D:4D ratios (Brown et al., 2002; McFadden,

Westhafer, Pasanen, Carlson, & Tucker, 2005; Okten, Kal-

yoncu, & Yaris, 2002, but see Buck, Williams, Hughes, &

Acerini, 2003).

We measured the length of the digits from radiographs not

directly from the fingers and we excluded the non-bony finger

tip. Measurement method may make a small difference, as

was shown for measurements from photocopies compared to

direct measurements from fingers (Manning, Fink, Neave, &

Caswell, 2005). However, these differences are very small

compared to the differences between our fetal ratios and

those in the literature on children and adults. In addition, we

found that the differences between measurements with and

without finger tip were minimal and strongly correlated.

The 2D:4D ratios in male and female fetuses in this study

were, on average, smaller than the ratios found in children by

Manning, Stewart, Wilson, and Lewis-Jones (2004) and

Trivers et al. (2006) and again smaller than those found in

adults (Manning et al., 1998, 2004; McFadden & Shubel,

2002; Putz, Gaulin, Sporter, & McBurney, 2004). In agree-

ment with the findings of the longitudinal study of Trivers

et al. (2006), this suggests that after birth 2D:4D ratios may

increase. We found that in all cases the fourth digit was larger

than the second digit, except in one case where the length of

the digits was equal, whereas in adults, especially in females,

the second digit is regularly longer than the fourth. Schultz

(1926) also rarely found 2D:4D ratios[1 in fetuses of three

months old (2%, n = 200) whereas in larger fetuses he found

a higher incidence (14–18%, 4–9 months old, n = 526) and

in adults a yet higher incidence 23% (n = 200). Similarly,

Mierzecki (1946) reported that digit ratios were lower in

Caucasian and Black fetuses than in adults (2D:4D \ 1 in 0–

16.3%, N not given, no data given on adults). However,

Malas et al. (2006) found in a study of 161 fetuses without

Table 1 2D:4D ratios for males and females of varying age in different studies

Study Age Male 2D:4D

(right, left)

Female 2D:4D

(right, left)

Number

of subjects

Measurement

type

Manning et al. (1998) 2–25 years .98, .98 1.00, 1.00 800, 20 per year Direct

Saino, Leoni, and Romano (2006) 21–30 years .966, .967 .978, .975 138 males, 154 females Digital scans

Putz et al. (2004) 18–30 years .949, .955 .974, .979 213 males, 120 females Photocopies

Russell (2006) 20 years .953, .951 .977,.976 53 males, 77 females Photocopies

Trivers et al. (2006) 7–13 years .932, .924 .944, .938 54 males, 54 females Photocopies

Trivers et al. (2006) (same

subjects 4 year later)

11–17 years .944, .934 .951, .955 54 males, 54 females Photocopies

Manning et al. (2004) 6–14 years .941 .951 263 males, 265 females Photocopies

Malas et al. (2006) 10–40 weeks .945 1.006 83 males, 78 females Direct

This study 14–42 weeks .916, .916 .923, .927 169 males, 158 females Radiographs
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external abnormalities digit ratios that were comparable to

those of adults in other studies (Table 1) and Huizinga (1949)

found in a study on 100 Caucasian fetuses that they had more

often a 2D:4D ratio[1 (65.0%, 3–9 months old) than chil-

dren (45.7%, 4–15 yrs old, n = 1750) and adolescents and

adults (38.3%,[15 yrs old, n = 562). Huizinga’s study also

differed from our study and the one of Malas et al. (2006) in

that he did not find a difference between male and female

fetuses (64.3% for male and 65.9% for female fetuses);

however his sample size was small. In the older studies of

Schultz (1926), Mierzecki (1946), and Huizinga (1949) no

digits ratios were given, only whether ratios were larger than

one, smaller than one or equal to one.

Hence, the studies of Trivers et al. (2006), Schultz (1926),

Mierzecki (1946), and our study in comparison with studies

on children and adults suggest that after birth the digit ratio

increases, which would imply a positive allometric (i.e.,

relatively stronger) growth of the second digit after birth, but

this is not supported by the study of Huizinga (1949) and

Malas et al. (2006).

Several studies have found a significant positive rela-

tionship between 2D:4D ratio and medical problems (Down

syndrome, ADHD) (McFadden et al., 2005; Putz et al., 2004;

Schneider, Pickel, & Stalla, 2006, but see Buck et al., 2003).

In contrast to this, a significant negative relationship has been

found between the 2D:4D ratio and physical prowess (Putz

et al., 2004). In our study, we did not find a significant rela-

tionship between 2D:4D ratio and the presence or absence of

minor or major congenital abnormalities.

Our results were necessarily based on a select sample of

fetuses, i.e., deceased fetuses, because it is not yet possible to

carry out such studies on healthy fetuses. It is possible that our

results were biased because of this. However, the cause of

death can be maternal (e.g., cervix insufficiency) as well as

fetal and not all fetuses had abnormalities. We did not find a

relationship between the 2D:4D ratio and the presence or

absence of minor or major abnormalities and this suggests

that the bias was probably limited.

We conclude that female fetuses have, on average, a

higher 2D:4D ratio than male ones. Hence, the sexual dimor-

phism in 2D:4D ratio appears to be already present by

14 weeks of gestation. Comparison with data on children and

adults in the literature reveals that the 2D:4D ratio may in-

crease after birth in both men and women and slightly more so

in women than in men. This would imply that the second digit

grows relatively faster than the fourth one after birth, espe-

cially in women. Furthermore, this would imply that both

prenatal and postnatal developmental processes are involved

in the determination of the difference in 2D:4D ratio between

males and females. This hypothesis is supported by the

majority of other studies, including the largest one (Schultz,

1926), but not by some smaller studies. Furthermore, we

found only a minimal difference between measurements of

digits with and without the non-bony fingertip. Finally, we

did not find a relationship between the 2D:4D ratio and the

presence or absence of abnormalities and the severity of

abnormalities.
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