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Abstract

Background: Fluctuating asymmetry is often used as an indicator of developmental instability,
and is proposed as a signal of genetic quality. The display of prominent masculine phenotypic
features, which are a direct result of high androgen levels, is also believed to be a sign of genetic
quality, as these hormones may act as immunosuppressants. Fluctuating asymmetry and
masculinity are therefore expected to covary. However, there is lack of strong evidence in the
literature regarding this hypothesis.
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Materials and methods: In this study, we examined a large dataset of high-density 3D facial
scans of 1260 adults (630 males and 630 females). We mapped a high-density 3D facial mask onto
the facial scans in order to obtain a high number of quasi-landmarks on the faces. Multi-
dimensional measures of fluctuating asymmetry were extracted from the landmarks using
Principal Component Analysis, and masculinity/femininity scores were obtained for each face
using Partial Least Squares. The possible correlation between these two qualities was then
examined using Pearson’s coefficient and Canonical Correlation Analysis.

Results: We found no correlation between fluctuating asymmetry and masculinity in men.
However, a weak but significant correlation was found between average fluctuating asymmetry
and masculinity in women, in which feminine faces had higher levels of fluctuating asymmetry on
average. This correlation could possibly point to genetic quality as an underlying mechanism for
both asymmetry and masculinity; however, it might also be driven by other fitness or life history
traits, such as fertility.

Conclusions: Our results question the idea that fluctuating asymmetry and masculinity should
be (more strongly) correlated in men, which is in line with the recent literature. Future studies
should possibly focus more on the evolutionary relevance of the observed correlation in women.

Keywords
fluctuating asymmetry; 3D morphometrics; sexual dimorphism

1. Introduction

Sexual dimorphism and symmetry in human faces have both been proposed to signal an
individual’s genetic quality [1-4]. Bilateral symmetry is believed to reflect an individual’s
ability to block out genetic stress and environmental perturbations during their development
[5]. The inability to block out these genetic and environmental stressors is referred to as
Developmental Instability (DI). Therefore, Fluctuating Asymmetry (FA), defined as
directionally-random small perturbations from perfect symmetry, is often used as an
indicator of DI, and is expected to show a negative correlation with the genetic quality of an
organism. Following this hypothesis, FA has been extensively studied in the human face and
body [2,6,7], as well as in animals [8-10]. However, studies that have investigated this
possible link have often reported weak or non-existent correlations, even though, on average,
a robust and significant correlation exists [7].

The sexual dimorphism in human faces (masculinity in men and femininity in women) is a
result of high levels of androgen. Masculinity is often escribed as wide faces with a wide
inter-orbital distance, a wide nose, thin lips, a large and massive lower face, and prominent
cheek bones in men [11]. Androgen is thought to act as an immunosuppressant [12].
Accordingly, individuals who can withstand this extra cost caused by the
immunosuppression are believed to be of higher genetic quality. This is known as the
Immunocompetence Handicap Hypothesis (ICHH) [13]. However, Roberts et al. [14]
challenges the ICHH, reporting no effect of testosterone on immunity in men. Similarly to
FA, several studies have also examined the hypothesized correlation between masculinity,
genetic quality and attractiveness [15-18]; however, the reported findings are contradictory
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and not definitive, especially in men. Naturally, the ICHH applies in cases where the levels
of androgen fall within the ‘normal’ range. Excessive levels of androgen, known as
hyperandrogenism, can have negative effects on human health.

Another measure that could possibly link FA and masculinity is attractiveness, i.e., qualities
that are desirable in a mate. In an evolutionary context, FA and attractiveness are
hypothesized to show a negative correlation, as individuals with ‘good genes’ are believed to
appear more attractive to their potential mates. While some studies have reported statistically
significant correlations between FA and attractiveness [19-22], a meta-analysis of the
findings questions the meaningfulness of the reported evidence [7]. The link between
masculinity and attractiveness is also not that clear. While some studies have found evidence
that higher levels of sexual dimorphism are perceived as more attractive [19,23], others have
found evidence supporting the opposite [24,25]. It is also believed that a preference for
masculine men can be condition-dependent in women [4,26].

Despite the limited evidence, sexual dimorphism and FA are believed to point to a shared
underlying quality measure in which, in males and females, a negative association between
FA and masculinity or femininity, respectively, is expected. While some studies have
reported evidence supporting this negative correlation [2,27], others have not found any
correlation between FA and masculinity [4,28]. A meta-analysis on these studies found little,
if any, evidence of correlation between sexual dimorphism and developmental instability
[29]. Furthermore, Puts [30] argued that the regulation of androgen levels and the response
to them may have evolved in such a way that sexually-selected traits are developed in
proportion to a male’s ability to safely bare them, in which case no correlation would be
expected between FA and masculinity levels. However, these scenarios are not mutually
exclusive, and can happen within the same population [29]. It is worth mentioning that, as
discussed above, FA is a result of both genetic and environmental stressors. However, in this
study, we only focus on the genetic aspect, as it is more relevant when we discuss correlation
with masculinity.

Perhaps one of the reasons behind the contradicting and ambiguous results so far is that each
of these studies uses a different set of measures to represent FA. Furthermore, most of the
studies follow the conventional method for measuring FA. This is performed by assigning
anatomically meaningful landmarks to 2D photographs and comparing the corresponding
landmarks on both sides of a trait, after correcting the measurements for average asymmetry
(known as Directional Asymmetry, or DA). The use of 2D photographs automatically
ignores a third dimension that might present valuable information regarding asymmetry or
sexual dimorphism. Additionally, these photographs were not taken using a standardized
method, and corrections for size differences were only performed using a single linear
measure, which may not be representative for a complex structure like the human face [4]. It
is thus clear that a more standardized and in-depth look into the possible correlation between
FA and masculinity is needed. In this study, we use high-density 3D scans of human faces to
examine the correlation between FA and masculinity, and their possible common underlying
mechanism [31]. We estimate the hyper-dimensional measures of FA and masculinity in
faces, and investigate the possible correlations between these two measures in a multi-variate
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context [32]. Moreover, the expected strength of associations are likely to be small, such that
high sample sizes are required [33], which we obtained for this study.

Materials and Methods

A large dataset of high-density 3D facial scans of 1260 adults (630 males and 630 females)
were used in this study. The subjects were all between 18 to 35 years old, with a BMI within
the normal range (18.5 to 24.9 kg/m?2). All of the participants identified themselves as being
of European descent, and none of them reported any condition that might have altered their
facial structure. These scans originated from a mixture of several studies at the University of
Pittsburgh, Pennsylvania State University, and Indiana University-Purdue University,
Indianapolis, and were captured using two stereo-photogrammetry systems: the VECTRA
H1 camera (Canfield Scientific, Parsippany, NJ, USA) and the 3dMDface system (3dMD,
Atlanta, GA, USA). The gathering of the facial scan data was approved by the relevant local
ethics committees.

All of the scans were processed and transformed into a homogenous configuration of quasi-
landmarks following Ekrami et al. [31]. In this approach, a high-density anthropometrical
mask, consisting of 7= 7160 paired quasi-landmarks, was mapped onto each face using a
non-rigid Iterative Closest Points (ICP) algorithm. This algorithm resembles the stretching
of an elastic mask onto each face and re-forming it until the mask takes the shape of the
face. This allows us to represent all of the faces using the same structure of corresponding
quasi-landmarks, which enables us to use standardized statistical analyses on the dataset.
Although the age range of our subjects places them all in the same physiological
reproduction group, there could still be morphological differences due to age. We corrected
the effect of age on the morphology of the faces by regressing the obtained quasi-landmarks
on age, and using the residuals to make sure age does not play a role in our analysis.

We then used a Partial Least Squares (PLS) analysis to find the hyper-plane that best
explains the correlation between the quasi-landmark coordinates and sex of the participants.
Then, by projecting the facial scans onto this hyper-plane, we obtained individual
masculinity scores for each face. The distribution of the centralized and normalized
masculinity scores are shown in Figure 1. Higher masculinity scores thus reflect more
masculine faces in men and women, and a substantial overlap of the scores is observed
between —0.2 and 0.2 (Figure 1).

The fluctuating asymmetry of the faces was calculated as the corrected FA (C-FA) measure,
following Ekrami et al. [32]. As described in that paper, removing the population average
asymmetry from the total asymmetry, as is conventionally performed to obtain FA, does not
completely correct for the effects of Directional Asymmetry (DA) on the asymmetry
measurements at an individual level. Therefore, a new measure of asymmetry, the so-called
Fluctuating Directional Asymmetry (F-DA), is used to individually correct the effect of DA
on each face. The F-DA vector of a face is defined as the projection of the face onto the
population-level DA vector. The corrected FA is then calculated by removing the F-DA
vector from the conventionally-obtained FA vector.
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In order to explore the different dimensions of fluctuating asymmetry, we used Principal
Component Analysis (PCA) to break down the C-FA space (the space defined by the C-FA
vectors) into its main dimensions of variation (Figure 2). We used the first five principal
components (PC) (explaining about 60% of the variations in C-FA) for our analysis. Because
of the hyper-dimensional nature of our FA measure, the remainder of the variation (about
40%) is split up between thousands of PCs, each containing a very small fraction of the
variation. Hence, it is not easy to decide on a cut-off point for the PCs to be considered in
our analysis. However, if the first 5 PCs don’t show any significant correlation to
masculinity, we can deduce that the rest of the PCs are also very unlikely to contain any
meaningful information.

In total, we used six measures to represent FA in each face, i.e., the average C-FA and the
first five PC scores for the C-FA space. The associations between these measures and the
sexual dimorphism scores were calculated as Pearson correlation coefficients in men and
women separately. Additionally, we used Canonical Correlation Analysis (CCA) to measure
the multivariate correlation between the six measures of fluctuating asymmetry and the
sexual dimorphism scores.

3. Results

We found a statistically significant positive correlation between average C-FA and
masculinity in women (Table 1, Figure 3). None of the PCs showed any significant
correlation with the masculinity scores in women. Thus, less feminine faces were on average
more asymmetric, but no significant correlation was found in any of the 5 extracted FA
dimensions. We did not find any significant correlations between the average C-FA or any of
the PCs of the C-FA space with the masculinity scores in men, and all of the estimates were,
overall, small. There was also no correlation found between the absolute value of the
individual measure of DA (F-DA) and masculinity in men or women.

The results of the Canonical Correlation Analysis revealed similar patterns (Table 2). In
women, the canonical variable of asymmetry showed a statistically significant correlation
with sexual dimorphism, with the average C-FA having the highest effect on the masculinity
scores. In men, however, similar to the results of the univariate analysis, no significant
correlation between the masculinity scores and the canonical variable for asymmetry was
found.

4. Discussion

Studying the dataset of 3D facial scans of men and women showed that, in women, the
average facial FA shows a significant correlation with the masculinity score (r =0.12, p=
0.002). The multivariate analysis of the measures using CCA also unraveled a similar
pattern. This means that feminine women are more symmetrical on average (show less FA)
compared to women with less femininity. The fact that none of the PCs in the C-FA space
showed any correlation with the masculinity scores means that none of the dimensions of FA
are prominent in showing the effects of DI; however, the accumulative effect of all of the
dimensions leads to a meaningful correlation with masculinity scores. In men, however,
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none of the PCs of the C-FA space, the average C-FA, or the canonical variable of
asymmetry were significantly correlated with masculinity scores (Tables 1 and 2). Based on
these results, it is safe to assume that the other dimensions of the C-FA space (PC6 and after)
would also not contain any meaningful correlations with masculinity, as they represent less
variation of C-FA compared to the first 5 PCs. The individual measure of DA (F-DA) also
did not show any correlation with masculinity in men or women.

Testosterone is believed to have a greater impact on immune function than estrogen, making
sexually dimorphic features more costly for men in the ICHH context [34]. Therefore, if we
assume that FA and masculinity both index underlying genetic quality, we expect a stronger
correlation between FA and masculinity in men. However, we did not find any significant
correlation between FA and masculinity in men. This means that our results fall of the in line
with Puts [30], supporting the notion that sexually-selected traits do not necessarily signal
immunocompetence, and a correlation between FA and masculinity is not expected in men.
Zaidi et al. [35] reported similar results by studying the correlation between genetic markers
of immunocompetence and facial masculinity in a large sample of men and women.

On the other hand, the significant correlation found between FA and sexual dimorphism in
women is, in fact, in line with ICHH. This means that symmetry and femininity in women
could possibly both be indicators of genetic quality. Additionally, studies have reported a
more robust association between attractiveness and sexual dimorphism in women than in
men, which suggests an association with health measures [18,36]. However, considering that
we found no correlation in men (even though ICHH predicts a stronger correlation in men),
as well as the results reported by Zaidi et al. [35], the found correlation could alternatively
be attributed to another common underlying mechanism, such as fertility [17,37-39].
Additionally, the fact that the average shape FA correlates to masculinity, while the F-DA
measure does not, suggests that the variation in the DA direction among individuals may
reflect a different process than developmental instability.

Another possible explanation for the lack of correlation (or the weak correlation in women)
between FA and masculinity could be that both traits are poor measures for genetic quality.
No strong link has been found between FA or masculinity and general health, especially in
men [21]. This also justifies the poor correlation between FA or masculinity and
attractiveness that was discussed in the introduction.

Currently, most of the literature on this subject has focused its attention on men (perhaps due
to the expected stronger correlation). As we have found correlations between FA and
masculinity in women, and not in men, we suggest that more studies on women could help
to unravel the possible quality that links FA and masculinity. In conclusion, we did not find
strong evidence that masculinity and FA in human faces are signals of genetic quality, or that
they are correlated, though further investigation in women could be informative.
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Figure 1.
Variation in facial masculinity. (a) The distribution of masculinity scores in men and women.

The scores are normalized in the range [-1, 1], and are centralized around zero. (b) A heat-
map showing the regions of difference between the average male and average female face.
The blue regions show no or low difference between the average male and female, while the
red regions correspond to high difference. As is evident from the figure, the morphological
differences are more prominent in the forehead, the cheeks, and the chin regions.
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Figure 2.

Heat map of the first five PCs of C-FA for both males and females. Each column represents
a different dimension of variation of FA in women and men separately. The blue color
indicates no FA in those regions, and going towards red means more FA. We can see that the
patterns of variation in the PCs corresponds between the two groups, except for PC2 and
PC3, which have switched places between men and women (PC2 in women corresponds to
PC3 in men, and PC2 in men corresponds to PC3 in women). The variations are amplified
for visual purposes.
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Figure 3.
Correlation between average C-FA and masculinity scores in men and women.
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Page 13

Correlations between masculinity scores and different measures of FA in men and women. The Pearson’s
coefficient (r), p-values, and 95% confidence intervals are reported. The significant results are printed in bold.

Men Women

Pearson Coefficient p C.1 (95%) Pearson Coefficient p C.1 (95%)
Average C-FA  0.05 0.22 (-0.02,0.12) 0.11 0.006 (0.03,0.18)
PC1 0.07 0.062 (-0.00,0.15) 0.05 0.237 (-0.03,0.12)
PC2 0.06 0.109 (-0.01,0.14) 0.05 0.210 (-0.03,0.12)
PC3 0.03 0.331 (-0.03,0.11) 0.07 0.083 (-0.00, 0.14)
PC4 -0.05 0.153 (-0.13,0.02) 0.05 0.146  (-0.02,0.13)
PC5 -0.02 0.528 (-0.10,0.05) 0.00 0.898 (-0.07, 0.08)
|F-DA| 0.07 0.055 (-0.00,0.15) 0.06 0.129 (-0.01,0.13)
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Table 2.

Results of Canonical Correlation Analysis for measures of asymmetry and sexual dimorphism, for men and
women separately. The results of the significance test of canonical dimensions are shown in the first row of
each table. The second row shows the standardized canonical coefficients for each measure of asymmetry
contributing to the canonical variable.

Men Canonical Correlation ~ Wilks’ Lambda  F Statistic  dfl df2 p-Value
0.12 0.9835 1.7349 6 623 0.1104
Average C-FA PC1 PC2 PC3 PC4 PC5
0.3062 0.5564 0.4775 0.2926 -0.4044 -0.1972

Women  Canonical Correlation  Wilks’ Lambda  F Statistic  dfl df2 p-Value
0.15 0.9754 2.6169 6 623 0.0163
Average C-FA PC1 pPC2 PC3 PC4 PC5
0.6955 0.2750 0.3655 0.4219 0.3549  0.0882
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