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Abstract: Paternal age at birth, a potential proxy of mutation load transmitted to the offspring, has
previously been related to the offspring’s health, biological condition and reproductive potential.
As higher facial asymmetry and distinctiveness serve as putative markers of the lower genetic qual-
ity of an individual, we hypothesize that more advanced paternal age at birth will be related to
children’s higher levels of facial asymmetry and distinctiveness. To the best of our knowledge, this
is the first study evaluating the link between paternal age at birth and facial asymmetry in offspring.
Based on archived photographs of 159 children born within 47 Polish families, we have conducted
facial geometric morphometric measurements and calculated the levels of facial asymmetry and
distinctiveness. The relationship between paternal age at birth and the offspring’s facial features
was explored with the use of Bayesian Linear Mixed-effects Models, controlling for sex, age and
birth order of the offspring, and maternal age at child’s birth. No associations between paternal age
at birth and facial asymmetry or distinctiveness in children were found. The lack of such a relation-
ship might be a result of the potentially insufficient influence of newly accumulated paternal muta-
tions affecting the offspring’s phenotype or higher importance of maternal (prenatal) and postnatal
environments in shaping facial features.

Keywords: Developmental Origins of Health and Disease (DOHaD); developmental stability; facial
features; Paternal Origins of Health and Disease (POHaD)

1. Introduction

Within the last decades of Developmental Origins of Health and Disease (DOHaD)
research, maternal factors were designated as having primary importance in shaping the
in utero environment and later-life characteristics of the offspring, leading to a large im-
balance in DOHaD research towards maternal exposures [1]. Recently, various paternal
factors, e.g., father’s age, stress exposure, cigarette smoking or metabolic condition [2—4],
have received greater attention and were suggested as equally important to maternal fac-
tors in forming a child’s biological status and health, e.g., [5]. A growing body of evidence
indicating the significance of paternal factors gave rise to the newly emerged paradigm
of POHaD (Paternal Origins of Health and Disease) as an extension of the DOHaD con-
cept [6].

Paternal age at birth (but not maternal) is suggested as a proxy of mutation load in
the genetic material accumulated over an extended period of time and passed to the off-
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spring [7]. The discrepancy between paternal and maternal age effects on de novo muta-
tions is explained by the fact that women are born with their full egg supply and all germ
cell divisions already completed. Paternal genetic material, however, especially in ad-
vanced-aged fathers, undergoes many cell divisions and chromosome replications which
are continuously occurring in the sperm cells throughout the reproductive life span [8].
Therefore, paternal genetic material carries a much higher mutation load passed to the
embryo than maternal genetic material [7]. Other possible mechanisms suggested as me-
diators of the effects of advanced paternal age on a child’s health or reproductive out-
comes (acting in isolation or interplaying with the maternal factors) might be epigenetic
changes in the paternal genetic material (e.g., DNA methylation) or an accumulation of
other stressful environmental exposures during the lifetime [9,10].

Paternal age at birth (PAB) is used as a proxy reflecting the quality of genetic material
inherited from father and was recently designated as a crucial determinant of offspring’s
health status, e.g., risk of neurodevelopmental disorders such as schizophrenia or autism
spectrum disorders, childhood cancers, or advanced biological age reflected in shortened
telomere length (for a review see: [11]). Advanced paternal age might also contribute to
the reproductive capabilities of children, e.g., lower chances of getting married and higher
chances of remaining childless [12], and lower reproductive success, which was mani-
fested among 1.4 million individuals from four populations living across four centuries
[13]. However, on the other hand, the advanced PAB was formerly also considered as
potentially beneficial. The offspring of late-reproducing fathers might inherit longer telo-
meres due to the fact that their sperm was (among other explanations) exposed to telomer-
ase activity for a prolonged period of time before conception [14].

Facial features are proposed to be one of the biomarkers of health and reproductive
status of an individual. Level of asymmetry, attractiveness or distinctiveness (the opposite
of averageness) are thought to result as a positive outcome of the interaction between ge-
netic, developmental and environmental processes taking place in the ontogeny [15]. The
main up to date interest in PAB effects on facial features in offspring concentrated, for the
most part, on facial attractiveness. Two large recent studies presented a negative associa-
tion between PAB and attractiveness level, suggesting that the higher attractiveness of
children conceived by younger fathers might be a sign of lesser sensitivity for mutations
and higher fitness indicators [16,17]. Nevertheless, a study by Lee and colleagues [18]
yielded a contrary result of a positive association between advanced PAB and the subject’s
attractiveness level, yet in a relatively smaller and less representative sample than in Hu-
ber and Fieder [16] and Woodley of Menie and Kanazawa [17] studies. What is also worth
mentioning, Lee and colleagues [18] extended the tested facial features with facial aver-
ageness level but found no association with PAB. None of the previous studies examined
the association between the level of facial asymmetry in the offspring and paternal age at
birth.

Average and symmetrical faces are perceived as more healthy and more attractive
than their less average and less symmetrical counterparts [19,20]. The preference for sym-
metrical and average faces was found cross-culturally [21]. It is not clear, though, why in
some studies, averageness appears to be more important for judgements of attractiveness
than symmetry per se [22].

Here we explore the association between paternal age at birth and the level of facial
asymmetry and distinctiveness in offspring. We hypothesize that more advanced paternal
age at birth will be related to children’s higher levels of facial asymmetry and distinctive-
ness (indicating putatively lower genetic quality) controlling for sex, age and birth order
of the offspring, and maternal age at birth. This is the first study evaluating the link be-
tween paternal age at birth and facial asymmetry in offspring.
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2. Materials and Methods
2.1. Study Group

We have used archival data and facial photographs that were collected between 1967
and 1979 in Miegkinia, southwest Poland of children within 55 families. Four families with
stepchildren were excluded from the current analyses, as well as another four families
who did not have facial photographs of the desired quality. Finally, data from 47 families
were explored, that is 47 mothers (mean age 38.33, SD = 5.59), 47 fathers (mean age 41.42,
SD =7.04), and 159 children (mean age 11.66, SD = 4.23). Demographic and family struc-
ture data (i.e., birth order, sex of each child) were gathered via in-person questionnaires.
Black and white facial photographs were collected from all available children in each fam-
ily. None of the participants presented visual facial deformities.

The negatives with facial portraits were digitalized and, together with the data, are
currently archived at the Department of Anthropology, Hirszfeld Institute of Immunol-
ogy and Experimental Therapy, Polish Academy of Sciences in Wroctaw, Poland. The
photos were used in our previous study [23].

Participants’ birth dates and examination dates were collected accurately to one day.
Maternal and paternal age, as well as the age of the offspring at the moment of entering
the study, were computed based on a decimal calendar. Subsequently, the paternal and
maternal ages at birth for each child were calculated. The descriptive statistics of the in-
vestigated variables are presented in Table 1.

Table 1. Mean, standard deviation, maximum and minimum of the variables included in the study
(facial distinctiveness, facial asymmetry, age and birth order are reported for the offspring).

Mean SD Max Min
Facial distinctiveness 0.06 0.01 0.13 0.03
Facial asymmetry 0.06 0.02 0.16 0.03
Age 11.66 4.23 21.56 3.01
Birth order 2.41 1.18 6 1
Maternal age at birth (years) 26.84 5.19 44.10 16.32
Paternal age at birth (years) 29.74 5.90 54.25 18.94

The study was approved by the Ethical Committee of the Institute of Anthropology,
Polish Academy of Sciences, Wroctaw. All subjects gave their informed consent for inclu-
sion before they participated in the study, and it was conducted in accordance with the
Declaration of Helsinki. A further description of the “family survey” data can be found in
Danel et al. [23].

2.2. Geometric Morphometrics

We placed 72 points (landmarks) on each facial portrait to capture information about
the facial shape. Landmarks were digitized using TpsDig2 software, version 2.31 [24].
From the overall number of 72 landmarks, we specified 36 as semilandmarks that describe
the shape variation along the curves and outlines. In this study, we used the same land-
mark configuration as in our previous studies; for exact positions and definitions of land-
marks and semilandmarks on human faces see: [23,25]. The position of the selected land-
marks, along with the description of their exact location on the facial photographs, are
presented in the Electronic Supplementary Materials (Figure S1, Table S1).

Subsequently, all landmark configurations represented by a 2D array of cartesian co-
ordinates were subjected to Generalized Procrustes Analysis (GPA) using the gpagen()
function from the ‘geomorph’ package in R [26]. Procrustes analysis centered, scaled and
rotated all facial configurations giving aligned shape coordinates, i.e., Procrustes residu-
als. The semilandmark positions along the curves were optimized by a method that min-
imizes bending energy between each specimen and the mean configuration [27]. We ran
GPA separately for each group (daughters and sons) and used the resulting Procrustes
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residuals for the calculation of facial distinctiveness and asymmetry. Facial distinctiveness
was computed as the Procrustes distance between each configuration in the set and the
group average. The longer the distance of a face from average, the more distinct the face.
Greater values indicate higher levels of distinctiveness. To compute the facial asymmetry,
the group-specific Procrustes residuals were first laterally reflected along the midline axis.
In the next step, the corresponding paired landmarks on the left and right sides of faces
were relabeled; the numeric indexes of landmarks on the left side were swapped for the
indexes of landmarks from the right side and vice versa. Subsequently, we calculated Pro-
crustes distances between the original and the mirrored configurations. The higher values
of asymmetry scores indicate greater facial asymmetry.

2.3. Statistical Analysis

Two Bayesian Linear Mixed-effects Models (LMMs) were used in the analyses (see:
[28] for mathematical details of Bayesian LMMs). To examine the relationship between
facial distinctiveness and the relevant variables, we created an LMM with facial distinc-
tiveness as the dependent variable, and maternal age at birth, paternal age at birth, birth
order, sex (0-female, 1-male) and age of a child, as the independent variables. To examine
the relationship between facial asymmetry and the relevant variables, we built an LMM
with facial asymmetry as the dependent variable and the same independent variables as
in the previous model. Family ID was set as a random intercept. To reduce Type I error
and to account for potential nonuniform variability of the independent variables within
the random effects, we included random slopes for all the independent variables within
the family [29].

There was no collinearity between the independent variables (variance inflation fac-
tors of the independent variables were <2.5). The values of all quantitative variables were
z transformed into a mean of 0 and a standard deviation of 1. Statistical analyses were
conducted using R, version 3.3.0, and the ‘brme’ package [28], version 1.0-5. We used
weakly regularizing prior for the fixed effects (Normal (0,1)) since they deal effectively
with outliers and restrict model predictions to biologically meaningful estimates and Cls
[30,31]. For the random effects, we used the default priors using the function ‘get_prior’
from the package ‘brms’ (i.e., Student’s t (3, 0, 2.5) for the random intercepts and slopes,
and 1kj (1) for their correlation [31].

3. Results
The mean offspring’s facial distinctiveness was 0.06 (SD = 0.01) and mean facial asym-
metry reached 0.06 (SD = 0.02) (Table 1). Males had higher facial distinctiveness than fe-

males (Table 2), but there was no relationship between facial asymmetry and the sex of
the offspring (Table 3).

Table 2. The relationship between facial distinctiveness and the investigated independent variables
(n=159).

Estimate SE  95% CILow  95% CI High

Intercept -0.26 0.12 -0.49 -0.04

Sex (reference: male) 0.45 0.16 0.13 0.76
Age -0.27 0.11 -0.48 -0.06

Birth order -0.26 0.13 -0.51 -0.01
Maternal age at birth (years) 0.36 0.14 0.10 0.64

Paternal age at birth (years) -0.18 0.14 -0.44 0.09




Symmetry 2022, 14, 344 5o0f 9

Table 3. The relationship between facial asymmetry and the investigated independent variables (1

=159).

Estimate SE 95% CI Low 95% CI High

Intercept -0.08 0.12 -0.32 0.15

Sex (reference: male) 0.11 0.17 -0.22 0.44

Age -0.26 0.11 -0.47 -0.06

Birth order -0.29 0.13 -0.56 -0.02

Maternal age at birth (years) 0.20 0.14 -0.07 0.48

Paternal age at birth (years) -0.10 0.14 -0.36 0.17

3.1. Facial Distinctiveness

There was a negative relationship between facial distinctiveness and both own age
and birth order (Table 2) of a child. There was a positive relationship between facial dis-
tinctiveness and maternal age at birth (Table 2, Figure 1a), but no relationship between
facial distinctiveness and paternal age at birth (the 95% CI for the estimate of this variable
overlapped with 0; Table 2, Figure 1b).
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Figure 1. The relationship between facial distinctiveness and the maternal age at birth (a) and pa-
ternal age at birth (b). The line represents the model estimate, and the shaded area represents 95%
confidence intervals. Dots represent data points.

3.2. Facial Asymmetry

There was a negative relationship between facial asymmetry and both age and birth
order (Table 3). Both maternal and paternal age at birth (Table 3, Figure 2a,b) were not
related to the facial asymmetry of the offspring (the 95% CI for the estimate of these vari-
ables overlapped with 0).
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Figure 2. The relationship between facial asymmetry and maternal age at birth (a) and paternal age
at birth (b). The line represents the model estimate, and the shaded area represents 95% confidence
intervals. Dots represent data points.

4. Discussion

In this study, we did not find support for the hypothesis that an offspring’s facial
asymmetry and distinctiveness are related to paternal age at birth (PAB), taking into ac-
count the offspring’s sex, age, birth order and maternal age at birth (MAB). The lack of
association between PAB and facial distinctiveness is in accordance with the results of the
previous study by Lee et al. [18]. However, we did find, contrary to Lee et al. [18], partial
support for a relationship between facial features and maternal age at birth—the higher
the MAB, the greater facial distinctiveness of her offspring. There was no relationship be-
tween facial asymmetry and MAB.

A plausible explanation for the lack of relationship between the PAB and the off-
spring’s facial asymmetry and distinctiveness is a potentially insufficient influence of
newly accumulated mutations which might not affect the phenotype, as their effects are
buffered by conserved core processes that facilitate the generation of phenotypic variation
in the offspring [32]. Nonetheless, we cannot rule out the paternal effects on offspring
facial morphology, as the recent metanalysis revealed the increased risk of facial deform-
ities (mostly cleft lip) in children of older fathers [33]. In the current study, however, we
did not enroll participants who had facial deformities hence we could not evaluate this
hypothesis.

Another possibility is that MAB is of more importance due to the crucial role of the
prenatal environment for bilateral development. For instance, sons of the mothers that
experienced a traumatic event during pregnancy had less symmetrical faces [34]. In addi-
tion, mothers who experienced high levels of stress caused by a natural disaster during
gestation gave birth to children with high dermatoglyphic asymmetry (a putative marker
of intrauterine instabilities) [35]. However, in our study, we did not find support for an
association between MAB and the facial symmetry of the offspring, but only their facial
distinctiveness. It was previously suggested that it is facial distinctiveness (not facial
asymmetry) that reflects the actual health status of adolescents [20] therefore this param-
eter might be more strongly correlated with maternal age at birth (and therefore, the qual-
ity of intrauterine environment). Additionally, the postnatal environment might have a
stronger influence on facial asymmetry/distinctiveness than the prenatal one, e.g., child-
hood social status [36], living conditions [37], etc. (see: [38] for the lack of relationship
between longitudinal health measures and facial characteristics).

Based on the current dataset, we cannot rule out a possibility that fathers who were
capable of siring children at older ages (thus potentially having resources for a prolonged
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reproductive span) were also more attractive due to, among others, lower facial asym-
metry and distinctiveness. Putatively, only more attractive or healthy fathers could sire
children at older ages or for a longer period of time. If facial asymmetry and distinctive-
ness were heritable (although see: Lee et al., [18] for mixed results on the heritability of
these facial characteristics), children of older fathers would inherit lowered asymmetry
and distinctiveness, and that in turn would rescind the effect of mutation load accumula-
tion. It is also possible that late-reproducing men had higher socioeconomic status, and
they were able to secure more resources for their partners (increasing quality of the pre-
natal environment) and their children (increasing quality of the postnatal environment)
[39,40]. Future studies exploring PAB and the offspring’s facial features with the simulta-
neous control for paternal asymmetry or socio-economic status, could shed more light on
this idea.

Our results are unlikely to be explained by a slow de novo mutations accumulation
throughout the age span of fathers in the current sample (as suggested by Lee et al., [18],
to explain their lack of significant relation). Although the de novo mutation accumulation
is only approximately two mutations per year [7], PAB in the current sample spanned
from 18 to 54 years of age, covering almost the entire reproductive lifespan of men. There-
fore, some of the surveyed men could have accumulated relatively high levels of de novo
mutations, yet no effect was found.

The lack of relationship between PAB and facial asymmetry or distinctiveness adds
interesting insight into the previously reported relation between PAB and the offspring’s
facial attractiveness [16,17], but see: [18]. It is plausible that the previously found decrease
in offspring’s attractiveness along with increasing PAB is not related to facial shape. Facial
attractiveness is a multifaceted concept that conveys numerous characteristics, such as
skin texture, pigmentation, smoothness, symmetry, averageness and sexual dimorphism
[41]. Recent studies also suggested that facial attractiveness can stem from (i) a so called
face space that is “a multi-dimensional space representing global shape and color proper-
ties of faces derived from Principal Component Analysis” [42,43], or (ii) representational
sparseness that is based on an “algorithm that estimates the sparseness of neurons in the
visual cortex required to represent a given face image”, and so it is suggested to predict
judgements of facial attractiveness based on the facial cognition efficiency [44]. Either of
these two possible mechanisms behind facial attractiveness would not need a significant
relationship between facial asymmetry/distinctiveness and attractiveness and hence are a
culprit for mediating the effect between PAB and the offspring’s attractiveness. In future
studies, correlating either of the two suggested facial features of offspring with PAB and
MARB could aid in testing this hypothesis.

The main limitation of the current study might be a relatively insufficient number of
participants compared to the previous studies on the effect of PAB on the facial features
of the offspring [17]. Additionally, as the presence of secular trends in paternal age was
formerly raised [45] and the photographs used in this study were taken several decades
ago, our results might not reflect the currently existing associations. Future studies repli-
cating our analyses among contemporary families could verify if the potential effect of the
shift in reproductive timing in men is influential for the investigated hypothesis.

5. Conclusions

To the best of our knowledge, this is the first study evaluating the link between pa-
ternal age at birth and facial asymmetry in offspring. In summary, based on a sample of
47 mothers and fathers and 159 children, we did not find a relationship between paternal
age at birth and the offspring’s facial asymmetry or distinctiveness. In contrast, we found
that maternal age at birth is positively related to the facial distinctiveness (but not asym-
metry) of the offspring. Future studies may profit from using up-to-date data and infor-
mation on heritable effects and/or additional facial measurements to better understand
the reflections of PAB in a child’s facial morphology and their potential link to biological
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quality. We also suggest that future studies investigate the link between MAB and facial
distinctiveness in more detail.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/2073-8994/14/2/344/s1, Figure S1: Positions of landmarks and semilandmarks on a
face. Landmarks are marked as white filled circles and semilandmarks as black circles.; Table S1:
The location of each selected landmark on the facial photographs.
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