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a b s t r a c t

Although an indicator of prenatal testosterone (PT), 2D:4D ratio, has been extensively studied in the
domain of financial risk taking, other domains of risk have received less attention. It is thought that ele-
vated levels of PT relate to more masculinised behaviours, including increased risk taking propensity. In
this study, we report negative findings with regards to health (average weekly drinking and daily smok-
ing) and sexual (lifetime number of sexual partners) risk in a sample of post-menopausal Finnish women
(N = 146–262). Our results suggest that PT may not masculinise health and sexual risk taking in women,
at least at an older age.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Empirical evidence suggests that elevated levels of pre-natal
testosterone (PT) and lower levels of prenatal estrogens, indicated
by the ratio of the second to fourth digit (2D:4D), relate to adult
risk-taking behaviours in domains such as financial, social and rec-
reational risk (Coates, Gurnell, & Rustichini, 2009; Garbarino, Slo-
nim, & Sydnor, 2011; Hönekopp, 2011; Stenstrom, Saad,
Nepomuceno, & Mendenhall, 2011; although see also Apicella
et al., 2008), reckless and dangerous driving habits (Schwerdtfeger,
Heims, & Heer, 2010), as well as increased number of sexual part-
ners (Clark, 2004; Hönekopp, Voracek, & Manning, 2006). It is
thought that exposure to PT during early foetal development mas-
culinises the brain, resulting in more male-like personality traits as
an adult, often irrespective of biological sex (Luxen & Buunk, 2005).
As risky activities are more common in males than in females, and
males are generally exposed to higher amount of PT than women
are, PT is a likely candidate for explaining at least some of the
sex differences in risk-taking behaviour.

Although PT and financial risk has been widely investigated,
there has been less focus on looking at PT as a marker for health-
related risks. Health-risks, such as alcohol consumption, are sexu-
ally dimorphic behaviours. For instance, there is cross-cultural evi-
dence to suggest that men have higher frequency and intake of
alcohol than women have (Wilsnack, Wilsnack, Kristjanson, Vogel-
tanz-Holm, & Gmel, 2009). Although sex differences in nicotine
consumption are of smaller magnitude, men on average smoke

more than women do (Byrnes, Miller, & Schafer, 1999). Thus, it is
plausible that PT has an organisational effect on propensity to
drink and smoke in adulthood. Lenz, Müller, and Kornhuber
(2012), for example, found that males who had a male co-twin
were more likely to have alcohol dependency than men with a fe-
male co-twin, suggesting that pre-natal transfer of testosterone
has an effect on adult alcohol consumption. Furthermore, in a re-
cent case–control study, Kornhuber et al. (2011) found that alcohol
dependency was, irrespective of sex, related to lower, more mascu-
linised digit ratios. Similar findings were reported by Manning and
Fink (2011), who investigated self-measured digit ratios and alco-
hol consumption in a large-scale internet study. They found that
lower, masculinised ratios related to higher alcohol use in a nation-
ally diverse sample of participants, indicating that PT may mascu-
linise alcohol consumption in adulthood.

The evidence for smoking and PT exposure is conflicting. For in-
stance, there is some research suggesting that higher levels of testos-
terone during pregnancy relate to a higher likelihood of the
daughter’s smoking as an adult (Kandel & Udry, 1999). However,
there is also opposing evidence suggesting that more feminised digit
ratios relate to smoking (Manning & Fink, 2011), although the causes
for this are not clear. For example, Lynch (2009), using rodent mod-
els, found that circulating female hormones reinforce the sensitivity
to nicotine, predisposing females to be more addictive than males.
However, more research is clearly needed in order to confirm the
relationship between markers of PT and nicotine use, as PT does
not necessarily function in a way similar to circulating testosterone.

Both alcohol consumption (Jackson, Sweeting, & Haw, 2012)
and smoking (Berg et al., 2012) relates to risky sexual behaviour.
It is possible that as well as having a relationship with increased
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health risk, PT could, potentially, affect risky mating strategies.
Clark (2004) found that lower digit ratios in women related to
higher scores on unrestricted socio-sexuality, suggesting that PT
may partially masculinise female mating behaviour. However,
Manning and Fink (2008) reported no such associations in men
or women in a large internet-based sample, suggesting that the
links between prenatal influences on socio-sexuality are unclear
at present. More evidence for prenatal influences on risky mating
strategies comes from a study by Scarbrough and Johnston
(2005), who found that women with more masculine digit ratios
reported having shorter intimate relationships, and higher prefer-
ence for masculine long-term partners. Other studies have found
that in heterosexual men, life-time sexual partners (Hönekopp
et al., 2006) and short-term mating orientation (Schwarz, Mustafić,
Hassebrauck, & Jörg, 2011) relates to more masculine digit ratios,
whereas other studies on both men and women have found no
such associations (Charles & Alexander, 2011; Putz, Gaulin, Sport-
er, & McBurney, 2004; Rahman, Korhonen, & Aslam, 2005). Thus,
the relationship between prenatal testosterone and mating strat-
egy is unclear at present, and demands more research to investi-
gate any possible associations.

The present study has several aims. Firstly, as there is remark-
able variation in the digit ratio between populations and ethnic
groups (Manning et al., 2000), we are investigating the relationship
between indicators of PT and health and sexual risk in a nationally
and ethnically homogenous sample of postmenopausal Finnish
women. Second, the study of Manning and Fink (2011) utilised
self-measured digit ratios in a diverse sample, which could, poten-
tially, introduce a confounding factor (McIntyre, 2006). Therefore,
we aim to investigate the weekly frequency of alcohol use, the dai-
ly average number of cigarettes smoked, and the lifetime number
of sexual partners with a more homogeneous sample of partici-
pants. Third, most studies looking at the relationship between risk
and digit ratio have used relatively young, undergraduate student
samples. It is possible that PT exposure affects individuals differ-
ently depending on the age or age-related individual attributes.
Thus, we are adding to the existing literature by investigating PT
effects on risk-taking in an older, postmenopausal female sample.

2. Methods

2.1. Participants

Our data consisted of 262 women who were born in years
1946–58 in Finland and who participated in the study during
2006 (see Helle & Lilley, 2008). For the current study, we recorded
the self-reported number of sexual partners during lifetime, how
many times in a week, they used alcohol and the number of ciga-
rettes smoked per day. We also recorded women’s height, birth
area (classified to be born in North-, South- or West-Finland), birth
cohort (1946–47, 1951–52 or 1956–58) and education (elementary
school, secondary school or university degree). Information on the
lifetime number of sexual partners was not asked from the women
of the oldest birth cohort and was therefore missing by design.
These data have previously been used to associate postmenopausal
women’s 2D:4D on their offspring sex ratio (Helle & Lilley, 2008),
age at menarche (Helle, 2010a), life history traits and fitness (Helle,
2010b) and the latitudinal gradient of their birth place (Helle &
Laaksonen, 2009),

2.2. Digit ratio measurements

During the collection of questionnaires, both of the women’s
hands were scanned (Canon Canoscan D66OU) for 2D:4D measure-
ments. The digits were measured from the tip of the finger to the

crease proximal to the palm with computer-program Image-J
(http://rsb.info.nih.gov/ij/) by one person. Sixty randomly selected
hands were measured twice by the same person in order to esti-
mate repeatability (i.e. intraclass correlation coefficient) of 2D:4D
measurements using one-way ANOVA). The 2D:4D measurements
showed a repeatability of 0.79 (F1,59 = 8.44, p = 0.005).

2.3. Statistical analyses

We used structural equation modeling (SEM) to examine
whether right and left hand 2D:4D were associated with the life-
time number of sexual partners, average weekly alcohol and daily
cigarette use while controlling for height, spatial and birth cohort
variation and educational differences. The main advantage of using
SEM in this study lies with its’ multivariate capabilities that take
within-women (residual) correlations of response variables into
account. Weekly alcohol use was modelled as a continuous out-
come, whereas the number of lifetime sexual partners and the dai-
ly average number of cigarettes smoked were modelled as count
variables using negative binomial error distribution and log link
function that automatically includes dispersion parameters to the
model. Prior to analysis, left and right hand 2D:4D were rescale
by multiplying them by 10 in order to obtain more interpretable
regression coefficients for these predictors. The model parameters
were estimated by robust maximum likelihood estimator that is
insensitive to non-normal data. Missing data were taken into ac-
count by using full information maximum likelihood (FIML) esti-
mation that assumes data is at least missing at random and can
thus handle missingness by design. The analysis was conducted
with MPlus version 7.0 (Muthén & Muthén, 1998–2012).

3. Results

In Table 1, we report descriptive statistics for both left and right
hand digit ratio, health risk variables, and number of lifetime sex-
ual partners.

In Table 2, we report the results of the SEM analysis. We found
no statistically significant associations suggesting that right and
left hand 2D:4D predicted weekly alcohol and daily cigarette use
and the number of lifetime sexual partners among these postmen-
opausal Finnish women. Those women who smoked heavily also
reported a higher number of lifetime sexual partners (residual cor-
relation (±SE) = 0.72 (±0.06), p < 0.0001), whereas alcohol con-
sumption was not associated with smoking (residual correlation
(±SE) = 0.07 (±0.09), p = 0.46) and the number of lifetime sexual
partners (residual correlation (±SE) = 0.05 (±0.07), p = 0.46).

4. Discussion

We found no evidence of a relationship between 2D:4D and
sexual and health risk taking in our sample of post-menopausal
Finnish women. Our findings largely contradict those few pub-
lished studies that have investigated digit ratio and alcohol
(Kornhuber et al., 2011; Manning & Fink, 2011), digit ratio and
smoking (Manning & Fink, 2011), and digit ratio and promiscuous
mating orientation (Clark, 2004) in women. Our results add to the

Table 1
Descriptive statistics of the variables considered in this study.

n Mean Median SD Min Max

Right hand 2D:4D 262 0.98 0.97 0.03 0.9 1.08
Left hand 2D:4D 262 0.97 0.97 0.03 0.89 1.08
No. of sexual partners 146 4.32 3.00 4.56 0 25
Alcohol use (times/week) 256 0.87 0.50 1.12 0 7
Cigarette use (N per day) 258 2.73 0.00 5.72 0 30
Height 262 164.4 165.00 5.3 149 177
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literature on research failing to replicate previous, theory-confirm-
ing findings (e.g., Apicella et al., 2008). The present results add to
the previous patterns of non-replication on digit ratio and repro-
ductive variables using the same dataset (Helle, 2010a, 2010b;
Helle & Lilley, 2008). We would like to use our results to highlight
the importance of replication in psychological studies (Francis,
2012), as findings in digit ratio research are often inconsistent from
one publication to another. Our results indicate that at least in our
sample of postmenopausal women, digit ratio is unrelated to risk
taking in terms of smoking, drinking, and number of sexual part-
ners. These results obviously need to be verified by further studies,
as there currently are not many published researches that have
looked at the association between these variables.

One possible explanation for our null-findings is the high age of
our sample compared to other studies. Generally speaking, risk-
taking, including alcohol consumption (Moore et al., 2005) tends
to decline with age. According to the maturity principle (McAdams
& Olson, 2010), individuals change with age to assume more
responsible social roles, which could attenuate the PT influences
when people reach older age. Although this could explain our
non-significant findings on alcohol and nicotine use, it does not ex-
plain the lack of association between digit ratio and number of life
time sexual partners. It is possible that PT does not masculinise fe-
male sexual behaviour, in line with Rahman et al. (2005), but con-
tra to Clark (2004).

It is also possible that our null-findings are owed to the limited
statistical power to detect small associations between 2D:4D and
the outcomes studied here. Because calculating statistical power
retrospectively using observed effect sizes is not recommended
(Hoenig & Heisey, 2001), we reported 95% confidence intervals
for parameter estimates that incorporate the element of power,
making it possible to judge from ‘‘all the potential results that

are supported by the data’’ (Smith & Bates, 1992). The problem
here is to tell what should be considered as a biologically meaning-
ful effect size. For example, our data suggests that increasing right
hand 2D:4D by one unit (which owing to rescaling covers almost
the whole range of 2D:4D in these women) may either decrease
weekly alcohol use by 0.6 times a week or increase it by 0.5 times
a week. Therefore, given for example the massive BBC internet di-
git ratio data (e.g. Manning & Fink, 2008) that has statistical power
to detect even very small effect sizes, the field of digit ratio re-
search would benefit from putting these effect size estimates to a
relevant biological arena.

It also should be noted that we used an indirect measurement of
2D:4D based on photocopied hands, which may be subjected to
elevated measurement bias (see Manning & Fink, 2011). Thus, we
would like to see a replication of our study using direct digit ratio
measurements. Furthermore, as there are latitudinal effects on di-
git ratio among these postmenopausal women (Helle & Laaksonen,
2009), it would be useful to replicate the study in samples from dif-
ferent latitudes. Overall, we urge for more research on prenatal
influences on risk-taking behaviour in different age groups, as we
believe that age is generally an over-looked factor in digit ratio
research.
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