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What is the evidence for a link between digit ratio (2D:4D) and direct measures of prenatal sex hormones?

MARK

Since Manning et al.'s [1] seminal paper was published in 1998, the ratio of length between the second (index) and fourth (ring) ﬁngers (digit
ratio, or 2D:4D) has been commonly employed by researchers as an indicator of prenatal sex hormone exposure. However, although an extensive
literature now exists on how 2D:4D relates to a range of phenotypic outcomes, to the best of my knowledge there are currently only six papers that
examine 2D:4D in relation to direct measures of prenatal sex hormones. Furthermore, the hormones reported on in four of these papers were
measured from umbilical cord blood sampled shortly after birth. Although the blood might relate to foetal circulation in late gestation, the hormone
levels measured technically relate to the perinatal rather than prenatal period (for a comparison of methods for measuring foetal sex hormones, see
van de Beek et al. [2]).
Lutchmaya et al. [3] analysed foetal testosterone (fT) and oestradiol (fO) sampled from amniocentesis during the second trimester. Although left
hand digit ratios (L2D:4D) in two-year-olds were not associated with hormone levels, those for the right hand (R2D:4D) correlated negatively with
the ratio of testosterone to oestradiol (β = − 0.007, p = 0.004). However, the sample was small (n = 29), analyses for males and females were not
conducted separately, and no other signiﬁcant correlations were observed. It should however be noted that, although neither fT nor fO was a
statistically signiﬁcant predictor of digit ratio on its own, there was a trend level association between fT and R2D:4D (β = − 3.74, p = 0.09). If a
one-tailed test had been used, this eﬀect would have been considered signiﬁcant. This could arguably have been justiﬁed considering that a negative
association between digit ratio and fT had already been hypothesised at this point [1]. A study of a separate cohort [4] reported that fT measured
through amniocentesis correlated negatively with L2D:4D (r = − 0.3, p = 0.03) and R2D:4D (r = −0.24, p = 0.09) in females (n = 51), although
the latter eﬀect was only marginally statistically signiﬁcant, and no signiﬁcant correlations were observed in males (n = 49). As fO levels were not
recorded in this study, no attempt could be made to replicate Lutchmaya et al.'s earlier ﬁnding.
Three papers have reported ﬁndings from subsamples of the Western Australian Pregnancy Cohort (Raine) Study, for which arterial and venous
umbilical cord blood was sampled at birth. The ﬁrst [5] found that foetal androgens and oestrogens (individually, or the ratio between them) did not
predict digit ratio in adolescent females (n = 82). The second [6] reported similar non-signiﬁcant ﬁndings for young adult males (n = 182) and
females (n = 159). However, the third [7] found that bioavailable testosterone in females (n = 76) correlated negatively with L2D:4D (r = −0.29,
p < 0.05), though no signiﬁcant eﬀect was observed for R2D:4D, and neither correlation was signiﬁcant in males (n = 83). A possible reason for the
discrepant ﬁndings here is that digit ratio was measured at diﬀerent ages in each report (i.e. 14–16 years in [5], 19–22 years in [6], 21–24 years in
[7]). In addition to the Raine cohort, a recent paper reported no signiﬁcant associations between testosterone or oestrogen measured from umbilical
cord blood, and digit ratio (for either hand) in a sample of 100 (50 male, 50 female) newborn children from Turkey [8].
Most reported correlations between 2D:4D and foetal sex hormones have not been statistically signiﬁcant, although the literature broadly points
towards a negative association with fT. However, it is interesting to note that no statistically signiﬁcant eﬀects have yet been reported in male-only
samples. A potential explanation for this is that sex diﬀerences in hormonal activity are known to occur during normal foetal development. For
instance, testosterone levels tend to peak between 14 and 18 weeks of gestation, with the largest sex diﬀerences being detected between 14 and
16 weeks (see [9,10]). Furthermore, testosterone is produced primarily by the testes in males and ovaries in females, though small amounts are also
produced by the adrenal grands in both sexes. Of further interest is that both studies using amniotic ﬂuid observed a signiﬁcant eﬀect, whereas only
one signiﬁcant eﬀect was reported between the four studies of umbilical cord blood. A possible reason is that testosterone sampled from amniotic
ﬂuid and umbilical cord blood relates to the second and third trimesters, respectively, whereas development of the 2D:4D ratio may begin earlier, in
the ﬁrst trimester [11], with hormone concentrations in the later stages of gestation (i.e. the third trimester) having little or no inﬂuence on this trait.
Although there is experimental evidence for 2D:4D being inﬂuenced by prenatal sex hormones in animal studies (e.g. Zheng & Cohn [12]),
support for this hypothesised link in humans remains tenuous. For this reason, it is suggested that ﬁndings from studies involving 2D:4D as a proxy
for foetal hormone exposure must be interpreted with caution. It should also be noted that studies of human amniotic ﬂuid are scarce, and, due to
various methodological advances, may not be replicated in the future. It would therefore be of considerable merit if existing study cohorts were
followed up to better determine whether foetal sex hormone levels are predictive of adult digit ratios. This could help validate (or invalidate) digit
ratio as a tool for examining the eﬀects of the foetal environment on adult phenotype.
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