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A B S T R A C T

The ratio between the lengths of the second and fourth digits (2D:4D) has been proposed as a putative marker of 
prenatal androgen exposure and investigated for its potential link to sexual orientation. In a recent updated meta- 
analysis, Swift-Gallant et al. (2025) reported more male-typical digit ratios in same-sex-oriented women than in 
heterosexual women, while homosexual men showed more female-typical ratios than heterosexual men. Their 
analyses found no evidence of publication bias for female sexual orientation but did for male sexual orientation, 
with effects remaining statistically significant after adjustment. Here, we reanalyzed the dataset compiled by 
Swift-Gallant et al. (2025) using Robust Bayesian Meta-Analysis (RoBMA), a framework that models uncertainty 
across multiple sources, including the presence or absence of an effect, heterogeneity, and publication bias. Our 
analyses showed little evidence for group differences in 2D:4D ratios by sexual orientation: RoBMA indicated 
moderate evidence against differences between homosexual and heterosexual women, with moderate to strong 
evidence of publication bias, and for men, moderate evidence against a right-hand difference but a small left- 
hand effect moderated by publication status. Thus, when publication bias was modeled directly using 
Bayesian model averaging of complementary bias adjustments, the evidence for a difference in 2D:4D ratios 
according to sexual orientation was substantially weakened, with this evidence for publication bias not attrib
utable to unmodeled heterogeneity. Overall, these findings challenge claims of reliable group differences in 
2D:4D ratios based on sexual orientation and question assertions that publication bias in this literature is 
negligible or reversed.

1. Introduction

The ratio of the lengths of the second to fourth digits (2D:4D) has 
been proposed as a biomarker of prenatal androgens exposure. This 
claim is supported by consistent evidence that men tend to have lower 
ratios, meaning a relatively shorter index finger compared to the ring 
finger, than women (Manning et al., 1998; Hönekopp and Watson, 2010; 
Swift-Gallant et al., 2020). Lower digit ratios are generally interpreted as 
reflecting higher exposure to prenatal androgens (Manning et al., 1998, 
but see meta-analysis by Sorokowski and Kowal, 2024).

Because of its stability across development (Manning et al., 1998; 
McIntyre et al., 2007) and its marked sexual dimorphism (Hönekopp and 
Watson, 2010), this measure has attracted considerable interest as an 
indirect marker of prenatal hormone exposure. This prenatal hormone 
exposure has been hypothesized to play a role in shaping aspects of 

human behavior, including sexual orientation. Indeed, early studies 
provided evidence that lesbian women exhibit more male-typical digit 
ratios than heterosexual women (Rahman and Wilson, 2003; Williams 
et al., 2000). A meta-analysis by Grimbos et al. (2010) found that lesbian 
women exhibited lower ratios than heterosexual women, while no as
sociation with sexual orientation was found in men.

Recently, Swift-Gallant et al. (2025) conducted an updated meta- 
analysis to address three main issues: (1) incorporating new studies 
since 2010; (2) including unpublished datasets in an attempt to mitigate 
the effects of selective reporting, a concern raised by McCormick and 
Carré (2020); and (3) analyzing bisexual participants separately rather 
than collapsing them into other categories. Based on a much larger set of 
studies, their analyses showed expected sex differences in 2D:4D ratios, 
with heterosexual men showing significantly lower ratios than hetero
sexual women for both right and left hands (g = − 0.49 and − 0.43, 
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respectively). Beyond sex differences, they confirmed that homosexual 
women were found to have significantly lower 2D:4D ratios than het
erosexual women, with effect sizes of g = 0.26 for the right hand and g =
0.17 for the left hand. The left hand estimate was further adjusted to g =
0.16, after applying a trim-and-fill procedure to account for potential 
publication bias. Importantly, and in contrast to Grimbos et al. (2010), 
they also reported that homosexual men showed higher ratios than 
heterosexual men. For the right hand, the effect was small and not sta
tistically significant (g = − 0.15), and it became significant only after the 
trim-and-fill publication bias adjustment, which increased the estimate 
to g = − 0.17. For the left hand, the effect was significant both before and 
after publication bias adjustment (g = − 0.18 and − 0.20, respectively). 
Across comparisons involving heterosexual, bisexual, and homosexual 
groups, homosexual men had higher (more female-typical) 2D:4D ratios 
than heterosexual men in the left hand, while bisexual men did not differ 
significantly from either group. Among women, both heterosexual and 
bisexual participants had higher 2D:4D ratios than homosexual women 
in both hands, with no significant differences between heterosexual and 
bisexual women. Reported heterogeneity statistics suggested moderate 
to substantial variability in effect sizes across the different group com
parisons (e.g., I2 ranged from 61.87 to 90.64%).

Although the updated meta-analysis by Swift-Gallant et al. (2025)
synthesized a larger body of studies and attempted to account for pub
lication bias, the strategies they adopted to mitigate publication bias 
have important limitations. First, while the inclusion of previously un
published datasets is a reasonable strategy to mitigate the file drawer 
problem, it cannot fully account for publication bias, since the avail
ability of unpublished studies is rarely random. Access often depends on 
researcher networks and willingness to share, and authors are less likely 
to respond when their studies report null or weak effects (Franco et al., 
2014; Van Aert et al., 2019). Second, the reliance on the trim-and-fill 
method as the primary publication bias adjustment is problematic. 
Simulation studies indicate that this approach is prone to high false- 
positive rates, is often outperformed by alternatives such as Precision- 
Effect Test (PET). In addition, the test generally fails as heterogeneity 
increases or when publication bias is combined with a true effect that is 
small or null (Carter et al., 2019; Moreno et al., 2009). Finally, Swift- 
Gallant et al.'s approach treated publication bias as an all-or-none de
cision, where it is either adjusted for or assumed to be absent. Treating 
publication bias in this way oversimplifies the problem, reducing a 
complex and uncertain process to a simple yes-or-no issue.

In contrast to the frequentist framework used in Swift-Gallant et al. 
(2025), which produces point estimates with confidence intervals and p- 
values that depend on binary significance (e.g., whether an effect is 
present or absent and publication bias is either corrected for using a 
specific method or assumed to be absent), Bayesian inference provides a 
framework that explicitly quantifies uncertainty, evaluates the degree of 
evidence for competing hypotheses (e.g., absence of evidence and evi
dence of absence), and allows updating evidence sequentially as new 
data accumulate (Bartoš and Wagenmakers, 2025; Wagenmakers, 
2007). In the present reanalysis, we employed robust Bayesian meta- 
analysis (RoBMA; Bartoš et al., 2023; Maier et al., 2023), a method 
that incorporates uncertainty by averaging multiple competing models 
that differ in whether publication bias is present and in how it is 
modeled. Specifically, RoBMA employs Bayesian model averaging to 
estimate competing models that can be grouped along three dimensions: 
the presence versus absence of an effect, heterogeneity, and publication 
bias (Bartoš et al., 2023; Maier et al., 2023). This allows conclusions that 
account for uncertainty across all of these dimensions rather than 
relying on a single “optimal” model or a specific publication bias 
adjustment method.

In light of the above, we reanalyzed the dataset compiled by Swift- 
Gallant et al. (2025) using RoBMA. With this approach, we are able to 
evaluate whether associations between 2D:4D ratios and sexual orien
tation are robust once different sources of uncertainty are explicitly 
modeled.

2. Methods

2.1. Data

We reanalyzed the publicly available dataset compiled by Swift- 
Gallant et al. (2025), which included both published and unpublished 
studies reporting 2D:4D ratios by sex and sexual orientation. Their 
dataset comprised 40 published studies and 11 unpublished datasets, 
totaling 227,648 participants, and included right hand, left hand, or 
both 2D:4D ratios (group means and standard deviations), along with 
study-level characteristics (used as potential moderators) such as pub
lication status (published versus unpublished), geographic region (North 
America, UK/Europe, Asia, other), and digit measurement method 
(direct, self-report, photocopy/scan, mixed, or unknown).

2.2. Summary measures

Analyses were conducted in the statistical software environment R 
4.5.1 (R Core Team, 2025). The effect size measure, Hedges' g, was 
calculated as the standardized mean difference in 2D:4D ratios between 
groups (e.g., heterosexual women vs. homosexual women), using the 
pooled standard deviation of both groups as the standardizer. Sampling 
variances and Hedges' g were computed using the R package metafor 
4.8-0 (Viechtbauer, 2010), and standard errors were obtained by taking 
the square root of the sampling variances. Group means and standard 
deviations for right- and left-hand ratios were taken directly from the 
publicly available dataset provided by Swift-Gallant et al. (2025).

2.3. Method of synthesis

We employed robust Bayesian Meta-Analysis (Bartoš et al., 2023; 
Maier et al., 2023) to combine effect sizes while modeling multiple 
sources of uncertainty, implemented via RoBMA R package (version 
3.6.1; Bartoš and Maier, 2020). This method estimates 36 competing 
models that vary along three dimensions: presence versus absence of an 
effect, heterogeneity, and publication bias. It then uses Bayesian model- 
averaging to weight each model by its posterior probability, based on 
how well they predict the observed data.

RoBMA combines two prominent approaches to adjusting for pub
lication bias: selection models of p-values, which estimate differential 
publication probabilities across p-value intervals to obtain bias-adjusted 
pooled effect estimates (Vevea and Hedges, 1995); and regression-based 
approaches, namely the Precision-Effect Test and Precision-Effect Esti
mate with Standard Error (PET–PEESE), which model systematic re
lationships between observed effect sizes and their standard errors that 
may arise when smaller, less precise studies report larger effects (Stanley 
& Doucouliagos, 2014). Thus, RoBMA evaluates these approaches 
jointly and weights their contribution according to how well each model 
accounts for the observed data, allowing inference to reflect uncertainty 
about the form and magnitude of publication bias, performing well 
across a wide range of scenarios (Bartoš et al., 2023).

We report Bayes factors (BF10) comparing models that assume an 
effect is present versus absent, model-averaged posterior mean effect 
sizes, and 95% credible intervals. Credible intervals indicate the range 
where the effect size lies with 95% probability given the observed data 
and prior assumptions, whereas frequentist 95% confidence intervals 
represent the range of effect sizes that would contain the true effect in 
95% of repeated sampling, assuming the model is correct. To quantify 
and interpret evidence from the Bayes factor, we used labels proposed by 
Lee and Wagenmakers (2014): BF10 between 1 and 3, 3 and 10, and >
10, which corresponds to weak, moderate, and strong evidence that the 
alternative hypothesis is favoured over the null by a factor of 1-3×, 3- 
10×, and > 10×, respectively. Corresponding evidence against an effect 
was indexed by BF10 between 0.33 and 1.0, 0.10 and 0.33, and < 0.10, 
which corresponds to weak, moderate, and strong evidence that the null 
hypothesis is favoured over the alternative by a factor of 1-3×, 3-10×, 
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and > 10×, respectively. We also report Bayes factors for heterogeneity 
(BFrf), comparing random-effects vs. fixed-effects models, and for pub
lication bias (BFpb), comparing models with vs. without publication bias, 
employing the same labels.

3. Results

Robust Bayesian meta-analysis indicated strong evidence for a sex 
difference in right hand 2D:4D ratios (BF10 = 1.17 × 105, g = − 0.48, 
95% CI [− 0.536, − 0.420]), with heterosexual men exhibiting lower 
ratios than heterosexual women. There was weak evidence against 
heterogeneity across studies (BFrf = 0.525, τ = 0.03, 95% CI [0.000, 
0.138]), and moderate evidence against publication bias (BFpb = 0.29). 
For the left hand, the data showed strong evidence in favor of the effect 
(BF10 = 84.77, g = − 0.39, 95% CI [− 0.516, − 0.209]) and strong evi
dence for heterogeneity (BFrf = 38.27, τ = 0.16, 95% CI [0.000, 0.286]). 
There was weak evidence against publication bias (BFpb = 0.62).

Results comparing heterosexual and gay men showed moderate ev
idence against a difference in right hand 2D:4D ratios (BF10 = 0.33, g =
− 0.03, 95% CI [− 0.242, 0.028]), strong evidence in favor of heteroge
neity (BFrf = 8.21 × 106, τ = 0.33, 95% CI [0.208, 0.494]), and weak 
evidence in favor of publication bias (BFpb = 1.09). For the left hand, 
RoBMA indicated moderate evidence in favor of the effect, with het
erosexual men showing lower digit ratios than gay men (BF10 = 4.03, g 
= − 0.15, 95% CI [− 0.265, 0.000]). However, this effect was moderated 
by publication status, with evidence for a difference in published studies 
(BF10 = 7.12, g = − 0.17, 95% CI [− 0.280, 0.000]) but not in unpub
lished studies (BF10 = 0.94, g = 0.06, 95% CI [− 0.243, 0.256]). Het
erogeneity was again substantial (BFrf = 10.61, τ = 0.14, 95% CI [0.000, 
0.271]), and there was weak evidence against publication bias (BFpb =

0.49).
Contrary to prior findings and the conclusions of Swift-Gallant et al. 

(2025), our analysis found no evidence that lesbian women differ from 
heterosexual women in 2D:4D ratios. For both the right and left hands, 
results showed moderate evidence against such differences (BF10 = 0.27 
and 0.18; g = 0.022, 95% CI [− 0.134, 0.300], and − 0.003, 95% CI 
[− 0.178, 0.126], respectively). Crucially, there was moderate evidence 
of publication bias for the right hand (BFpb = 8.68) and strong evidence 
of publication bias for the left hand (BFpb = 36.25). RoBMA models also 
showed strong evidence in favor of heterogeneity for the right hand and 
moderate evidence for the left hand (BFrt = 2.92 × 107 and 6.81; τ =
0.34, 95% CI [0.198, 0.545], and 0.13, 95% CI [0.000, 0.267], 
respectively).

RoBMA indicated moderate evidence against the effect for differ
ences in 2D:4D ratios between heterosexual and bisexual men. For the 
right hand, BF10 = 0.19, with a model-averaged estimate of g = − 0.008 
(95% CI [− 0.211, 0.111]). For the left hand, BF10 = 0.16, g = 0.007 
(95% CI [− 0.118, 0.205]). There was strong evidence in favor of het
erogeneity for both hands (BFrf = 35.38 and 81.19; τ = 0.28, 95% CI 
[0.000, 0.576], and 0.31, 95% CI [0.109, 0.605], respectively). Evi
dence for publication bias was weak in both analyses (BFpb = 1.18 and 
0.52, respectively).

There was no evidence favoring an effect in 2D:4D ratios between 
heterosexual and bisexual women. For the right hand, robust Bayesian 
meta-analysis indicated strong evidence against the effect (BF10 = 0.08), 
with a model-averaged estimate near zero (g = − 0.003, 95% CI [− 0.060, 
0.000]). For the left hand, the evidence against an effect was stronger 
(BF10 = 0.07, g = − 0.003, 95% CI [− 0.061, 0.000]). Both hands showed 
weak evidence against heterogeneity (BFrf = 0.65 and 0.37; τ = 0.05, 
95% CI [0.000, 0.264], and 0.03, 95% CI [0.000, 0.198], respectively). 
There was weak evidence in favor of publication bias for right hand 
(BFpb = 1.08) and weak evidence against publication bias for the left 
hand (BFpb = 0.39).

We also conducted the same analyses as Swift-Gallant et al. (2025), 
in which bisexual and homosexual participants were combined into a 
single group (non-heterosexual) and compared to heterosexual 

individuals. Across all analyses, there was no compelling evidence 
supporting differences in 2D:4D ratios between these groups. For the 
comparison between heterosexual and non-heterosexual men, the right 
hand analysis showed moderate evidence against the effect (BF10 =

0.25, g = − 0.01, 95% CI [− 0.139, 0.004]), and the left hand showed 
weak evidence against the effect (BF10 = 0.49, g = − 0.04, 95% CI 
[− 0.182, 0.000]). Both hands exhibited strong evidence of heteroge
neity and weak evidence for publication bias. For the comparison be
tween heterosexual and non-heterosexual women, the right hand 
analysis provided moderate evidence against a difference (BF10 = 0.16, 
g = 0.007, 95% CI [− 0.068, 0.165]), and the left hand analysis indicated 
weak evidence against the effect (BF10 = 0.79, g = 0.10, 95% CI [0.000, 
0.393]). As with men, heterogeneity was strongly supported in both 
hands. Notably, there was strong evidence of publication bias in the 
right-hand analysis (BFpb = 11.76), and weak evidence in the left (BFpb 
= 1.58). Fig. 1 summarizes results from our analysis and those reported 
by Swift-Gallant et al. (2025). Full model outputs and moderation an
alyses are available on the OSF page (https://osf.io/q2wha/).

In addition to the analyses comparing groups separately, we fitted 
multilevel robust Bayesian model-averaged meta-regressions to account 
for dependence among effect sizes. Because many studies contributed 
multiple effect sizes, including 2D:4D ratios for both hands and for 
multiple group comparisons, effect sizes within the same study are likely 
to be correlated, not only across hands but also across group contrasts. 
Such correlations are theoretically plausible under accounts that assume 
shared variation in prenatal androgen exposure across groups hypoth
esized to differ in early testosterone levels, while also reflecting common 
sampling, measurement, or study-level characteristics. To model these 
dependencies, we specified a categorical moderator representing the 
specific group contrast (e.g., heterosexual women vs. heterosexual men; 
heterosexual women vs. homosexual women). Effect sizes were coded 
such a negative value represented a lower (more masculinized) 2D:4D in 
the theoretically more androgenized group.

Results from the multilevel RoBMA meta-regression model including 
hand (right vs. left) and group contrasts (e.g., heterosexual women vs. 
heterosexual men and homosexual women vs. heterosexual women) as 
moderators showed weak evidence against the effect (BF10 = 0.56, g =
− 0.047, 95% CI [− 0.202, 0.000]), strong evidence in favor of hetero
geneity (BFrf > 106, τ = 0.21, 95% CI [0.165, 0.254]), and moderate 
evidence of publication bias (BFpb = 5.07). There was strong evidence 
against moderation by hand (BFhand = 0.10) and extreme evidence of 
moderation by group (BFgroup > 106). The estimated marginal means at 
each level of group contrast revealed that comparisons among sexual 
orientations showed weak to moderate evidence against differences in 
2D:4D ratios, with only strong evidence of such differences for the 
comparison between heterosexual men and heterosexual women 
(Table 1).

When combining bisexual and homosexual participants into a single 
group (non-heterosexual) and comparing them to heterosexual in
dividuals (preserving within-sex comparisons), multilevel RoBMA meta- 
regression showed weak evidence against the effect (BF10 = 0.632, g =
− 0.049, 95% CI [− 0.190, 0.000]), strong evidence in favor of hetero
geneity (BFrf > 106, τ = 0.29, 95% CI [0.243, 0.347]), and weak evi
dence of publication bias (BFpb = 2.56). Neither hand nor group 
moderated the magnitude of differences in 2D:4D ratios (BFhand = 0.16 
and BFgroup = 0.35). Analysis output for these models and robustness 
checks is available on the OSF page (https://osf.io/q2wha/).

4. Discussion

By using robust Bayesian meta-analysis to account for model un
certainty, our reanalyses of Swift-Gallant et al. (2025) data confirmed 
strong evidence for sex differences in 2D:4D ratios when comparing 
heterosexual samples. However, across comparisons, we found little 
support for differences in 2D:4D ratios between groups defined by sexual 
orientation in either sex. Importantly, for the comparison between 
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heterosexual and homosexual women, our reanalyses found moderate 
evidence against an effect and moderate to strong evidence in favor of 
publication bias. These findings do not support the conclusions of Swift- 
Gallant et al. (2025), who reported that homosexual women reliably 
have lower 2D:4D ratios than heterosexual women.

Across analyses, the pattern of publication bias differed between 
group comparisons. We observed weak to moderate evidence against 
publication bias in the literature on sex difference in 2D:4D, whereas 
comparisons based on sexual orientation showed more consistent evi
dence in favor of publication bias. This difference pattern in publication 
bias helps explain why our results were consistent with Swift-Gallant 
et al. (2025) for sex difference but diverged for sexual orientation 
comparisons. For sexual orientation comparisons, when publication bias 
was modeled directly using Bayesian model-averaging of complemen
tary publication bias adjustments and evaluated jointly with heteroge
neity as competing explanations for variation in the effects, the evidence 
for this association substantially weakened. In contrast, the sex differ
ence remained supported even after these sources of uncertainty were 
incorporated. Therefore, our results show that such conclusions are 
highly sensitive to the methods used to assess and correct for publication 
bias.

Nevertheless, even the robust sex difference in 2D:4D does not 
necessarily imply a prenatal testosterone mechanism. For example, 
Forstmeier (2018) argued that apparent group differences in 2D:4D may 

arise from allometric shifts in hand shape, such that ratios change sys
tematically with overall size even in the absence of group-specific bio
logical effects. Similarly, Lolli et al. (2017) showed that 2D does not vary 
in direct proportion to 4D in either sex, rendering the simple 2D:4D ratio 
inappropriate for size-scaling and between group comparisons. From 
this perspective, sex difference in 2D:4D may reflect general develop
mental scaling processes rather than hormonally driven differentiation. 
Moreover, Sorokowski and Kowal's (2024) meta-analysis found no evi
dence that 2D:4D ratios were associated with adult-level testosterone, 
testosterone change or prenatal testosterone in either males or females. 
Taken together with those findings, our results challenge the broader 
claims made by Swift-Gallant and Breedlove (2025), who argue that 
2D:4D ratios represent a reliable retrospective marker of prenatal 
androgen exposure in the context of sexual orientation group 
comparisons.

Previous studies have argued that prenatal androgen effects are more 
pronounced on the right hand than the left (Hönekopp and Watson, 
2010; Swift-Gallant et al., 2020). In contrast, our results showed strong 
evidence against moderation by hand, indicating that effect sizes did not 
reliably differ between right- and left-hand 2D:4D ratios. This finding is 
also consistent with Sorokowski and Kowal (2024), who found no evi
dence that hand (right vs. left) could be significantly related to the as
sociation between 2D:4D ratios and testosterone. These findings do not 
support Swift-Gallant and Breedlove's (2025) conclusion that 2D:4D of 
the right hand remains the best available non-invasive retrospective 
indicator of prenatal exposure in humans.

Although our analyses also included the same moderators that Swift- 
Gallant et al. (2025) used in their meta-analysis, those moderators did 
not show consistent evidence of accounting for the observed heteroge
neity in effect sizes and heterogeneity remained substantial across 
models. However, this pattern of results is not surprisingly, as Linden 
and Hönekopp (2021) found that large heterogeneity is typical in meta- 
analyses in psychological sciences and rarely explained by a single 
“super moderator”. As previously noted, RoBMA jointly models het
erogeneity and publication bias, meaning that evidence for the latter 
cannot be attributed to unmodeled heterogeneity.

Swift-Gallant and Breedlove's view that publication bias plays a 
limited role in the 2D:4D literature on sexual orientation, and that 
positive results have become so frequent they are now less publishable 

Fig. 1. Effect sizes (Hedges' g) for 2D:4D ratios differences (right and left hands) across groups. Black diamonds represent estimates from the present reanalyses using 
robust Bayesian meta-analysis (95% credible intervals); grey diamonds represent estimates reported in Swift-Gallant et al. (2025) based on a frequentist meta- 
analysis (95% confidence intervals). Asterisks indicate statistically significant effects in the frequentist analyses reported by Swift-Gallant et al. (2025) or Bayes 
factors indicating evidence in favor of an effect in the present reanalyses (see main text for Bayes factor).

Table 1 
Model-averaged marginal estimates for group comparisons and hand 
moderators.

Hedges' g 95% CI BF10

Average effect − 0.047 − 0.202, 0.000 0.54
Right hand − 0.048 − 0.204, 0.000 0.28
Left hand − 0.046 − 0.202, 0.019 0.27
Bisexual men vs homosexual men 0.056 − 0.203, 0.249 0.36
Bisexual women vs heterosexual women 0.116 − 0.088, 0.275 0.41
Homosexual women vs bisexual women − 0.054 − 0.305, 0.146 0.21
Homosexual women vs heterosexual 

women
− 0.086 − 0.250, 0.038 0.21

Heterosexual men vs bisexual men 0.080 − 0.151, 0.253 0.39
Heterosexual men vs homosexual men − 0.073 − 0.221, 0.040 0.17
Heterosexual men vs heterosexual women − 0.370 − 0.500, − 0.265 >106
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(a so-called reverse file-drawer effect), is difficult to reconcile with our 
evidence indicating substantial publication bias in the existing litera
ture. Notably, even the only comparison showing evidence of a differ
ence, between heterosexual and gay men for the left hand, was 
moderated by publication status, with evidence for an effect in pub
lished studies but not in unpublished studies. Collectively, our rean
alyses do not support previous claims of group differences in digit ratios 
based on sexual orientation.

Despite studies on the biological correlates of sexual orientation 
(including studies on 2D:4D ratios) being controversial and at times 
overinterpreted, they remain scientifically valuable for understanding 
variation in human sexuality. Importantly, such research does not 
equate the complexity of human sexuality with biological determinism. 
Instead of avoiding these questions due to concerns regarding potential 
misinterpretation, rigorous examination and strong methods help 
disentangle empirically supported findings from overinterpreted or 
ideologically motivated claims. A good example of this is the study by 
Ganna et al. (2019) which analyzed genetic data from nearly 500,000 
participants, finding that same-sex sexual behavior is influenced by 
many genetic variants of small effects ruling out any possibility of a “gay 
gene”. Findings such as these show how methodologically careful 
research can refine the evidence base itself, public understanding, and 
counter simplistic narratives.

Importantly, the results of our reanalysis should not be interpreted as 
set in stone. Rather, the RoBMA framework employed here provides a 
cumulative approach to evidence synthesis, allowing posterior distri
butions to be updated as new studies become available (Berger and 
Wolpert, 1988; Rouder, 2014). Future researchers can build upon these 
findings by refining prior specifications as evidence accumulates or by 
extending the models to examine additional moderators.

5. Conclusions

Using robust Bayesian meta-analysis that jointly modeled effect 
presence, heterogeneity, and publication bias, we reanalyzed the dataset 
compiled by Swift-Gallant et al. (2025). Our results confirmed strong 
evidence for sex differences in 2D:4D ratios. However, when publication 
bias was modeled directly through Bayesian model-averaging of com
plementary bias adjustments, the evidence for differences in 2D:4D ra
tios based on sexual orientation was substantially attenuated, providing 
little support for reliable group differences.
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Writing – review & editing, Writing – original draft, Visualization, 
Validation, Formal analysis. Benedict C. Jones: Writing – review & 
editing, Writing – original draft. Thomas V. Pollet: Writing – review & 
editing, Writing – original draft, Visualization, Validation, Supervision, 
Formal analysis.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgments

We thank Ashlyn Swift-Gallant, Toe Aung, and David Puts for 
providing details on their original analysis. We also thank Johannes 
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Bartoš, F., Maier, M., Wagenmakers, E.J., Doucouliagos, H., Stanley, T.D., 2023. Robust 
Bayesian meta-analysis: model-averaging across complementary publication bias 
adjustment methods. Res. Synth. Methods 14 (1), 99–116. https://doi.org/10.1002/ 
jrsm.1594.

Berger, J.O., Wolpert, R.L., 1988. The Likelihood Principle. Institute of Mathematical 
Statistics.
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