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A B S T R A C T

The ratio between the second and fourth digit of the hand (2D:4D ratio) has been used as a marker of prenatal
exposure to sex hormones. A previous study found that men with smaller 2D:4D ratios, relative to men with
larger ratios, were more agreeable and less quarrelsome with women than with men. We aimed to replicate this
study, using a similar procedure for sampling interpersonal behaviors but including participants who were first-
year students (n = 81) rather than working adults in a long-term romantic relationship. Event-contingent re-
cording of everyday social interactions yielded data on agreeableness, quarrelsomeness, dominance, and sub-
missiveness in different social contexts (e.g., with male vs. female interaction partners). While we did not re-
plicate the findings previously obtained in men, this might be due to the relatively low number of male
participants. Female participants with larger 2D:4D ratios were more agreeable with women than with men; this
was not found among women with smaller ratios. Future studies on the link between the 2D:4D ratio and
interpersonal behavior should consider with whom interactions take place and examine additional factors such
as participants' relationship status and hormonal contraceptive use.

1. Introduction

Prenatal exposure to sex hormones shapes brain development
(McEwen & Milner, 2017). An easy-to-measure marker of prenatal
testosterone relative to estrogen exposure is the 2D:4D ratio, re-
presenting the length of the second digit relative to the length of the
fourth digit. Men generally have smaller ratios than women, indicating
higher prenatal testosterone exposure (Manning, 2011).

Besides, within-gender variation in the 2D:4D ratio has been linked
to within-gender variation in interpersonal functioning. Moskowitz
et al. (2015) found that while men were generally more agreeable and
less quarrelsome towards women than towards other men, this was
particularly true for men with smaller 2D:4D ratios. Associations be-
tween 2D:4D ratios and interpersonal behaviors were not significant in
women. It was suggested that men exposed to more testosterone pre-
natally are more masculine and hence more motivated to connect with
women. In the present study, we aimed to replicate these findings.

While other studies have only found only weak associations be-
tween the 2D:4D ratio and psychological functioning (Fink et al., 2004;
Hönekopp & Watson, 2011), many used standard questionnaires, which
only allow for examining between-person differences. In contrast,
Moskowitz et al. (2015) used event-contingent recording of social

interactions. As this involves intensive repeated measures across mul-
tiple social contexts, sources of within-person variation in interpersonal
behavior (e.g., the gender of interaction partners) can be considered as
well.

Unlike Moskowitz et al. (2015), whose participants were working
adults in long-term heterosexual relationships, we studied first-year
students who varied in their relationship status. Nonetheless, we ex-
pected 2D:4D ratios to be associated with agreeableness and quarrel-
someness in men but not in women.

2. Method

2.1. Participants

First-year students participated in exchange for course credit
(n = 110). Twenty-nine participants were excluded (4 did not identify
as heterosexual, 4 provided no hand scans, and 21 did not complete the
event-contingent recording), leaving 81 participants for data analyses.
Descriptive data are in Table 1.
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2.2. Measures

2.2.1. 2D:4D ratios
Digit lengths of both hands were derived from hand scans, gener-

ated using an Aficio MP3351 digital copier (Ricoh, Japan), by four
coders using AutoMetric 2.2 (Face Research Lab, University of
Glasgow). Each second and fourth digit was measured from the middle
of the ventral base crease to the tip. Intra-class coefficients (Shrout &
Fleiss, 1979) were ≥0.89 for the right and left hand separately and for
male and female participants separately. Thus, the right and left 2D:4D
ratios from the four raters were averaged. The correlation between right
and left ratios was strongly positive, r(81) = 0.80, p < 0.0001, and
right vs. left ratios did not differ significantly, t(80) = 1.91, p = 0.06.

2.2.2. Interpersonal behavior
For event-contingent recording (ECR; Moskowitz & Sadikaj, 2013)

of social interactions, we installed a link to an app (TEMPEST; Batalas
et al., 2018) on participants' smartphones. Using the app, either online
or offline, participants recorded their interactions for 14 days. First,
they provided information on contextual variables, including the
gender and role of their primary interaction partner. Subsequently, they
checked which behaviors, of a list of 12 behaviors, they engaged in. For
each interaction, to prevent fixed response sets, participants randomly
saw one of four different but comparable behavior lists. These lists were
derived from the Social Behavior Inventory covering agreeableness,
quarrelsomeness, dominance, and submissiveness (Moskowitz, 1994).

Corresponding to prior studies (e.g. Moskowitz, 1994), for every
interaction we first calculated the mean frequency of all checked be-
haviors and then subtracted this mean frequency from the frequency of
a specific type of behavior. The resulting ipsatized scores represent the
rate at which each type of behavior was checked, adjusted for general
behavior checking.

2.3. Procedure

First-year psychology students at the University of Groningen enroll
into an online research participation platform at the start of the first
semester and provide personal information including their sexual
identity, relationship status, and contraceptive use. Participants in the
present study were recruited via this platform, after the Departmental
Ethics Committee approved the study.

In a first meeting with a research assistant, participants received
detailed study information, provided consent, and completed several
questionnaires. Subsequently, TEMPEST was installed, the ECR proce-
dure was explained, and a sample social interaction (i.e., a spoken
conversation of at least 5 min) was recorded together with the assistant.
In a second meeting, within a week after the ECR period, participants
completed additional questionnaires and provided hand scans.

2.4. Analyses

Data were analyzed in SAS 9.4 (SAS, Cary, NC) using multilevel
modeling with an unstructured covariance structure. Social interactions

were nested within individuals. Degrees of freedom were calculated
using the Satterthwaite method.

Analyses were identical to Moskowitz et al. (2015): social interac-
tions involving parents or siblings were omitted; each participant's
2D:4D ratio was standardized using the mean ratio for participant's
gender and treated as a continuous between-person factor; and analyses
were conducted separately for each dimension of behavior, for men and
women, and for the right and left hand. The gender of the primary
partner during each social interaction was the within-person factor. In
the first analysis step, main effects of Ratio and Partner gender were
entered. In the second step, the interaction term was added. Significant
interaction terms were examined by estimating simple slopes and cal-
culating point estimates.

3. Results

The mean number of social interactions available for analyses was
46, with no significant differences between men and women, see
Table 1. Analysis outcomes are in Supplementary Table S1.

3.1. Analyses in the men

After omitting family interactions, the mean number of interactions
was 36. The main effect for the 2D:4D ratio and the interaction term
were never significant.

3.2. Analyses in the women

After omitting family interactions, the mean number of interactions
was 42. Again, we found no significant main effects for the 2D:4D ratio
and no significant interaction terms for dominance and quarrelsome-
ness. The interaction effect was significant for submissiveness in the
analysis involving the right-hand ratio but simple slopes for male vs.
female partners were not significant.

However, the interaction term was significant for agreeableness in
the analysis involving the right-hand ratio, see Fig. 1. Women with
larger ratios acted more agreeably towards other women than towards
men, b = 6.24, t(1336) = 3.44, p < 0.001, d = 0.19. This was not
found among women with smaller ratios, b = −0.56, t
(1325) = −0.29, p = 0.77, d = 0.02. Similarly, while the analysis
involving the left-hand ratio did not yield a significant interaction term
(0.05 < p < 0.10), post-hoc simple contrasts revealed that women
with larger left-hand ratios were more agreeable towards other women
than towards men, b= 5.08, t(1361) = 2.94, p= 0.003, d= 0.16, and
this was not found among women with smaller ratios, b = 0.58, t
(1349) = 0.30, p = 0.76, d = 0.02.

4. Discussion

Between-person differences in 2D:4D ratios have previously been
associated with differences in interpersonal behavior among working
adults: Moskowitz et al. (2015) found that men in their late twenties
with smaller 2D:4D ratios, considered a marker of higher prenatal

Table 1
Relevant descriptive and social interaction data.

Men (n = 28) Women (n = 53) t or X2 test

Age in years 21 (1) 20 (1) t(73.2) = 3.69, p = 0.002
In a romantic relationship when entering university 39% 44% X2(1) = 0.18, p = 0.67
Hormonal contraceptive use – 70% –
Right-hand preference 75% 89% X2(1) = 2.54, p = 0.11
Right-hand 2D:4D ratio 0.97 (0.03) 0.98 (0.04) t(79) = −0.51, p = 0.61
Left-hand 2D:4D ratio 0.97 (0.03) 0.98 (0.03) t(79) = −1.40, p = 0.17
Number of social interactions available for analyses 41 (20) 49 (17) t(79) = −1.91, p = 0.06

Note. Data represent M (SD) unless indicated otherwise.
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exposure to testosterone, were more agreeable and less quarrelsome
towards women than men with larger ratios. It was suggested that
higher prenatal testosterone exposure increases men's engagement with
behaviors that, to women, indicate a willingness to invest in opposite-
gender relationships.

We aimed to replicate these findings in a younger sample, i.e. stu-
dents in their early twenties. However, we found no significant asso-
ciations between 2D:4D ratios and interpersonal behavior among male
participants: men acted more agreeably and were less quarrelsome to-
wards women than towards men, regardless of their 2D:4D ratios. Thus,
we did not replicate Moskowitz et al. (2015).

Nonetheless, 2D:4D ratios were positively associated with agree-
ableness among female participants. Women with larger ratios were
more agreeable towards other women than to men, while women with
smaller ratios did not show this contextual variation in agreeableness.
Following Moskowitz et al. (2015), this might mean that relatively low
prenatal exposure to testosterone increases the engagement of young
women with behaviors that indicate a willingness to invest in same-
gender relationships.

The diverging results of both studies might be due to several
aforementioned sample differences. Participants studied by Moskowitz
et al. (2015) had a mean age of 29 years and were employed and in a
long-term relationship. Participants in our study were students, on
average nearly 10 years younger, and mostly not in a relationship.
Being in a relationship has been associated with a reduced motivation
to be agreeable (Schultheiss et al., 2003), particularly in women (Suh
et al., 2004). Possibly, our female participants varied more in agree-
ableness than the women studied by Moskowitz et al. (2015).

Between-study differences in the use of hormonal contraceptives
(HCs) might also explain the results. Most of our female participants
used HCs. In the (Canadian) study by Moskowitz et al. (2015), this
percentage may have been lower (United Nations Department of
Economic and Social Affairs Population Division, 2019). HCs often
contain estrogen and may alter opposite-gender interactions (Little
et al., 2013). The 2D:4D ratio has previously been shown to predict HC-
associated side effects (Oinonen, 2009), suggesting that the impact of
HC use might differ between women with higher vs. lower 2D:4D ratios.

As HC use might have influenced the observed association between
female agreeableness and 2D:4D ratios, our study may be limited in that
we did not exclude HC users. However, neither did Moskowitz et al.
(2015). Another limitation of our study was the relatively small sample
size, resulting in relatively low statistical power (which prevented us
from examining HC use as a potential moderator). Relatedly, the low
proportion of male participants reduced the likelihood of finding

significant results in men. This is why the results for men should be
interpreted with caution. A final limitation was that the result on
agreeableness in women was larger for the right-hand 2D:4D ratio than
for the left-hand ratio. However, it has been argued that right-hand
ratios are better marker of prenatal sex hormone levels (Hönekopp &
Watson, 2010).

In conclusion, we did not replicate Moskowitz et al. (2015). None-
theless, we found that young women with larger 2D:4D ratios were
more agreeable towards other women than towards men, whereas this
was not seen among women with smaller ratios. While this result may
seem to contradict Moskowitz et al. (2015), it might also complement
their work. We highlighted several factors that might help explain both
studies' findings, including being in a (long-term) romantic relationship
and using HCs. These factors could be examined in future studies.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.paid.2020.110379.
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