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Abstract 

 

Prenatal testosterone may have a powerful masculinising effect on postnatal physical 

characteristics. However, no study has directly tested this hypothesis. Here, we report a 20-year 

follow-up study that measured testosterone concentrations from the umbilical cord blood of 97 

male and 86 female newborns, and procured three-dimensional facial images on these 

participants in adulthood (range: 21-24 years). Twenty-three Euclidean and geodesic distances 

were measured from the facial images and an algorithm identified a set of six distances that most 

effectively distinguished adult males from females. From these distances, a ‘gender score’ was 

calculated for each face, indicating the degree of masculinity or femininity. Higher cord 

testosterone levels were associated with masculinised facial features when males and females 

were analysed together (n= 183; r= -0.59), as well as when males (n= 86; r= -0.55) and females 

(n= 97; r= -0.48) were examined separately (p values <.001). The relationships remained 

significant and substantial after adjusting for potentially confounding variables. Adult circulating 

testosterone concentrations were available for males but showed no statistically significant 

relationship with gendered facial morphology (n= 85, r= .01, p= .93). This study provides the first 

direct evidence of a link between prenatal testosterone exposure and human facial structure. 
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Background 

 

The human face is sexually dimorphic, with the average male face differing from the average 

female face in the size and shape of, and distance between, the jaws, lips, eyes and nose and 

cheekbones.
1,2

 Even within-sex, there are considerable variations in these dimensions, leading to 

individuals appearing more or less feminine or masculine than the prototypical gendered face. 

While the origin of this variability remains unclear, there has been significant interest in the 

influence of the most abundant androgen, testosterone, in the development of face structure. 

 

Genetic sex is determined at conception, but gonadal hormones play a vital role in the 

differentiation of male and female phenotypes throughout human development.
3
 To date, studies 

investigating the influence of testosterone exposure on facial morphology have focused 

predominantly on hormone exposure during adolescence. Testosterone levels surge during 

puberty, and concentrations are 20-30 fold higher in males than females,
4
 which has been 

postulated to explain the contemporaneous increased sexual dimorphism in facial appearance. 

For example, among 12-18 year olds, a positive correlation is present between the concentration 

of testosterone in saliva and the dimensions of several male-typical facial characteristics, such as 

a broader forehead, chin, jaw and nose.
5
 Furthermore, the administration of testosterone to 

adolescents with delayed puberty accelerates craniofacial growth in these same features.
6
 

Experimental studies of adults have also revealed a link between contemporaneous testosterone 

levels and subjective ratings of facial masculinity,
7
 as well as more objective measurements, such 

as increased facial width-to-height ratio.
8
 

 

However, there is accumulating evidence that the influence of androgens on the development of 

secondary sex characteristics begins much earlier in life. Biosynthesis of testosterone 

commences at approximately 9 weeks gestation. While testosterone is made in the adrenal 

cortex and ovary of females, it is produced in far greater amounts by the Leydig cells of the testes 

in males, and a sex difference in prenatal testosterone levels exposure emerges during the 







second trimester
9
 and persists until birth.

10
 Studies of non-human mammals have found that 

exposure to supraphysiological levels of testosterone has a masculinising effect on physical 

development, in the form of increased anogenital distance, reduced nipple number, a smaller 

vaginal opening, and increased body growth.
11-14

 Sex differences in facial morphology are 

apparent in 6-month-old infants,
15

 and increase steadily across childhood.
16

 While testosterone 

surges and associated growth spurts during puberty exaggerate existing sex differences in face 

structure, it has been postulated that the pre-existing sexual dimorphism in face structure is 

related to differences in prenatal testosterone exposure.
17

 

 

Investigating the proposed link between testosterone and face development in humans has been 

hampered by two methodological challenges. The first has been the valid and reliable 

measurement of prenatal testosterone exposure. As it is unethical to manipulate hormone 

concentrations in the human fetus, the majority of clinical research has utilised surrogate 

measures of the prenatal hormone environment, such as the ratio of the second digit to the fourth 

digit (2D:4D)
18

 and the observation of fetuses exposed to aberrant hormone environments in 

utero (e.g., females with Congenital Adrenal Hyperplasia).
19-20

 However, limitations of these 

approaches have been widely documented, with reports of poor correlations between 2D:4D and 

more direct measures of the prenatal hormone environment,
21-22

 as well as concerns about the 

extent to which data from clinical populations can be extrapolated to the general population. 

 

An alternative approach for sampling the prenatal androgen environment is investigating the 

hormonal milieu of umbilical cord blood. Cord blood can be obtained at delivery in normal 

pregnancy, and therefore randomly selected participant samples are more likely to be 

representative of the general population. Several studies have reported higher testosterone levels 

in cord blood samples from male versus female fetuses,
10,23

 and thus these samples are thought 

to reflect fetal circulation during late gestation. A limitation of this approach is that testosterone 

levels in cord blood may not reflect concentrations during the first and second trimester, in 

particular gestational weeks 8–24, which has traditionally been regarded as a ‘sensitive period’ 







for the maximal effects of sex steroids on human development.
24

 However, there is increasing 

recognition that there may be multiple sensitive periods, and animal studies have found that 

postnatal development may be affected by hormones at different times throughout prenatal 

development.
25

 Human studies have also started to link sex steroids from umbilical cord blood to 

a range of childhood behaviours, including language development,
26,27

 internalizing and 

externalizing behaviours
28

 and spatial abilities
29

. To date, no studies have examined the 

relationship between cord blood testosterone and human physical development.  

 

The second methodological challenge has been the accurate measurement of facial shape. 

Previous studies have focused on either subjective masculinity ratings of 2-dimensional (2D) 

facial stimuli,
30

 or measurements between standardized landmarks on 2D photographs.
17,31-34

 

Distances based on 2D photographs are unreliable as they change with the camera distance, 

angle and optics. Some researchers have used three dimensional (3D) models to calculate 

Euclidean (linear) distances between anatomical landmarks. However, the use of these 

measurement techniques may miss important information since Euclidean distances ‘cut through’ 

the facial features and thus do not take the underlying morphology into account. For example 

calculation of some characteristics of facial dimorphism using these distances do not correlate 

well with human perceptual measurements.
35

 In contrast, geodesic (3D surface) distances are 

known to model the 3D facial structure in a better way as compared to the linear distances. For 

example, one study has reported that objective scores for masculinity calculated from 3D facial 

images correlate more highly with subjective (perceptual) masculinity scores if the objective 

scores are based on Euclidean and geodesic distances, rather than on Euclidean distances 

alone.
35

 

 

The current study represents the first to investigate the potential link between prenatal 

testosterone exposure and objective measurements of 3D facial masculinity in adults. The current 

study spanned a 25 year period, in which umbilical cord blood was collected at birth (1989 - 1991) 

and facial morphology was examined on the same participants in early adulthood (2012 - 2014). 







A total of 97 males and 86 females (all Caucasian) had both cord blood and adult facial 

morphology data available and thus provided the data for the current study. Blood collected in 

early adulthood was available for the male participants only, and testosterone concentrations 

were measured in these samples. The 2D:4D measurements from both hands of the adult 

participants were also procured and included in the analyses. 

 

Methods 

 

Participants 

Participants were part of the Western Australian Pregnancy Cohort (Raine) Study,
36

 which is a 

longitudinal investigation of women between 16 and 20 weeks pregnancy from the public 

antenatal clinic at King Edward Memorial Hospital (Perth, Australia) or surrounding private clinics, 

between May 1989 and November 1991. Approximately 100 unselected antenatal patients per 

month were enrolled during this period, with a final sample of 2900 women. The inclusion criteria 

were a gestational age between 16 and 20 weeks, English language skills sufficient to 

understand the study demands, an expectation to deliver at King Edward Memorial Hospital, and 

an intention to remain in Western Australia to enable future follow-up of their child. By the end of 

the recruitment period, 2868 live births (96%) were available for follow-up. Participant recruitment 

and all follow-ups of the study families were approved by the Human Ethics Committee at King 

Edward Memorial Hospital and/or Princess Margaret Hospital for Children in Perth. Informed 

consent was obtained from all mothers and offspring who participated in this study. 

 

Umbilical cord blood was obtained at the birth of 861 singleton deliveries (selected randomly). 

The participants in this study were the 97 Caucasian males and 86 Caucasian females who 

volunteered to have their faces photographed in early adulthood (age range: 21 – 24 years). 

There was no statistically significant difference in age at the time of facial photography between 

males (M = 22.81 years, SD = 0.61) and females (M = 22.91, SD = 0.60), t (181) = 1.04, p = .31. 

Compared to the remainder of the Raine cohort, the participants who volunteered for the current 







study were more likely to have come from families who had a family income above the Australian 

government designated ‘poverty line’ ($AUD24,000) at the time of their birth (current study 

participants: n = 118/180 [65.6%] with available data; Remainder of cohort: n = 1394/2500 

[55.8%] with available data, X
2
 = 6.553, df = 1, p = .01), and whose mothers had completed 

secondary school (current study participants: n = 85/183 [46.4%] with available data; Remainder 

of cohort: n = 1024/2649 [38.5%] with available data, X
2
 = 4.533, df = 1, p = .03). All participants 

in the current study had a normal obstetric history and no history of neurological disorder or other 

conditions known to affect facial morphology. 

 

Umbilical cord blood procurement, storage and analysis 

At birth, mixed arterial and venous umbilical cord blood was obtained. Blood samples were 

immediately centrifuged, plasma isolated and then stored at -80°C without thawing. Detailed 

sequence analysis of DNA obtained from ten randomly selected maternal-child pairs confirmed 

that the cord blood samples were not contaminated by maternal blood. In January 2010, these 

serum samples were thawed and analyzed for androgen content. Total testosterone was 

measured by liquid chromatography-tandem mass spectrometry (LCMS/MS) after solvent 

extraction as described in detail by Keelan et al.
10

 The limit of quantitation was 0.025 ng/ml (0.08 

nmol/L). Inter-batch variation was low at 6% to 11% (n = 24); recovery from cord serum was 93% 

to 98%. Sex hormone-binding globulin (SHBG) was measured by ELISA using a commercial kit 

(IBL International, Hamburg, Germany) according to the manufacturer’s instructions. All samples 

were measured in duplicate by a single operator using assay kits from the same batch. The inter-

assay imprecision was <4.5% (n = 25). Intra-assay variation was 5.2% (n = 861). Samples with 

an initial replicate coefficient of variation (CV) of >10% were reanalyzed. BioT (nmol/L), 

representing the fraction of total testosterone either free (unsequestered by SHBG) or bound to 

serum albumin, was calculated using the formula: BioT = [free testosterone] + [albumin-bound 

testosterone].
37

 Free testosterone was calculated using the empirical method and formula 

described by Sartorius et al.
38

 Albumin levels were adjusted using published reference values to 

take into account the decrease in serum albumin concentrations with gestational age.
39

 







 

Adult face, digit ratio and testosterone measurements and analysis 

Adult facial photography 

The 3dMD face system (3DMD LLC, Atlanta, United States) is a non-invasive imaging technology 

that produces 3D images (180° ear-to-ear frontal view) using random infra-red light projection on 

the face. The technology measures the 3D shape of the face to millimetre precision and maps the 

colour texture over it. Images captured by a 3dMDface system have been shown to be highly 

precise and replicable.
40

 Participants sat in front of the 3dMD face scanner with the distance 

between the chair and scanner adjusted so their faces appeared in the middle of the computer 

screen. During the imaging process, participants fixated their gaze on a sticker pasted on the wall 

behind the scanner, maintained a neutral facial expression and kept their mouths closed. No 

accessories were worn for the imaging process and loose hair was pinned back from the face. 

 

Adult digit ratio 

Digit ratio was measured on the participants at the same testing session during which facial 

photography was conducted. The lengths of the second and fourth fingers on the ventral surface 

of the left and right hand were measured from the basal crease of the digit to its tip using Vernier 

callipers, working from purpose-collected hand photocopies (Lanier LD 122 photocopier) under 

standardized and supervised conditions.
41

 All measurements were made by one observer and 

repeated by a second observer blinded to the findings of the first. Digit ratio was calculated by 

dividing the length of the second digit by the length of the fourth digit. Separate ratios were 

calculated for the left and right hand. 

 

Adult testosterone concentrations 

At a previous testing session approximately three years earlier (M = 20.00 years, SD = 0.53), 85 

of the male participants had blood procured via venepuncture as part of the protocol for an 

unrelated study. To allow an investigation of the effect of adult testosterone levels on facial 

morphology, testosterone concentrations were measured in serum taken from these samples by 







LCMS/MS as previously described,
42

 with limits of quantitation of 0.025 ng/ml. While hormone 

concentrations can vary depending upon the time of day and individual circumstance (e.g., level 

of activity, competition, stress), there is evidence that a single blood sample provides an accurate 

estimate of circulating testosterone levels in males over longer periods.
43

 To minimise variation in 

measurement error between individuals, all blood samples were collected in the morning (i.e., 

prior to midday). Blood samples from female participants were not available for analysis. 

 

Statistical analyses 

Analyses first focused on the facial images. Twenty-one facial landmarks defined by Farkas,
1
 

were annotated on each image (Figure 1). Next, 21 Euclidean (linear) and 20 geodesic 3D 

distances were measured between these landmarks. We defined geodesic distance as the length 

of the 3D curve that is generated by orthogonal projection of the Euclidean line between the 

points on the 3D facial surface. The Gradient based Efficient Feature Selection (GEFS) 

algorithm
44

 was used to select the features that maximally distinguish between male and female 

faces. The algorithm re-orders the features in each iteration to maximize the classification 

accuracy. A mathematical model is then used to train a Linear Discriminant Analysis classifier
35

 

with the selected features using a 10-fold validation technique. A ‘gender score’ is then created 

by comparing the sexually dimorphic features of each face with the mean measurements of both 

males and females in the LDA space. Figure 2 provides a full description of this procedure. 

Gender scores vary from 0 (highly masculine facial features) to 1 (highly feminine facial feature). 

To facilitate comparisons with previous studies, we also calculated facial width-to-height ratio 

(fWHR) according to published guidelines.
8
 

 

We then examined the relationships between the facial gender scores and a direct measure of 

prenatal testosterone exposure (BioT from umbilical cord blood), a proxy measure of prenatal 

testosterone exposure (adult digit ratio), and a direct measure of adult testosterone exposure (nM 

concentration from adult blood). Correlations with BioT were also calculated using free 

testosterone and total testosterone levels. These analyses were conducted for males and 







females separately, and also with data from both sexes combined. An alpha value of p < .05 was 

used to indicate statistical significance.  

 

Results 

 

Facial gender score 

GEFS selected five linear (forehead width, nasal bridge length, nasal tip protrusion, upper lip 

height, nose width) and seven geodesic (intercanthal width, forehead width, outer canthal width, 

nasal bridge length, nasal tip protrusion, upper lip height, nose width) distances as the most 

discriminating features between the two sexes. These distances are outlined in Figure 3. A 

mathematical model was generated based on these distances (described in Figure 2) and was 

found to correctly classify male and female faces with 99.47% accuracy. 

 

Cord blood testosterone and adult facial morphology 

Cord blood samples were analysed for bioactive concentrations of testosterone (BioT). A 

significantly higher level of BioT was present in the cord blood of males (M = 0.16, SD = 0.12) 

compared with females (M = 0.07, SD = 0.05), t(181) = 6.0, p < .001. Table 1 presents 

correlations between testosterone, hand and facial measurements. There was a significant 

negative association between BioT levels and gender scores when males and females were 

analysed together (r = -.59), as well significant correlations when males (r = -0.55) and females (r 

= -.48) were examined separately (all p values < .001). Figure 4 presents the correlations 

between BioT and gender scores for males and females, and shows two outlying data points for 

each sex. Pearson correlation coefficients calculated after excluding these data points remained 

statistically significant for both the male (r = -.34, p = .001) and female data (r = -.40, p < .001), 

and also when males and female data were combined (r = -0.60, p < .001). There was no 

statistically significant correlations between BioT concentrations and fWHR for males (r = .17, p = 

.09), females (r = .16, p = .15), nor when the data from both sexes were combined (r = .10, p = 

.17). 







 

Correlations of similar magnitude and statistical significant (p < .001) were observed between free 

testosterone levels from cord blood and facial gender scores for females (r = -0.43), males (r = -

0.52) and the combined sample (r = -.51). Correlations between facial gender scores and total 

testosterones for males (r = -0.40), females and (r = -0.25) combined samples (r = -0.52), were 

reduced in magnitude but statistically significant at the level of p < .05.  

 

To further examine the significant associations between BioT and facial gender scores, 

hierarchical multiple regression analyses were performed. In the first block, we included the 

potentially confounding variables of gestational age at birth, the presence of labour at birth,
10

 

maternal smoking and alcohol consumption during pregnancy, maternal age at birth, family 

income and the total facial area measured by 3D photography (in millimetres). In the second 

block, we included BioT. For females, BioT concentrations were significantly associated with 

facial gender scores (B = -1.07, 95% confidence interval = -1.51, -0.63, p < .001). The inclusion of 

BioT concentrations significantly improved the regression model, F(1,75) = 23.28, p < .001, for 

the change in R
2
, accounting for an additional 20.6% of the variation in gender score. The same 

analyses were conducted for males, except that we added adult testosterone concentrations into 

the first block of the regression model. There was a significant relationship between BioT and 

gender scores in males, (B = -0.46, 95% confidence interval = -0.69, -0.24, p < .001), and the 

inclusion of BioT concentrations significantly improved the regression model, F(1,72) = 16.93, p < 

.001, for the change in R
2
, accounting for an additional 13.2% of the variation in gender score. 

When the two outlying data points were excluded for each sex (Figure 4), improvements in the 

regression models with the addition of BioT concentrations remained significant (females: F(1,73) 

= 10.90, p < .001; males: F(1,70) = 8.14, p < .01). 

 

Adult digit ratio (2D:4D) and adult facial morphology 

Consistent with expectations, small but statistically significant sex differences were also observed 

for 2D:4D ratios. Males had significantly smaller 2D:4D ratios than females for both the left hand 







(males: n = 82, M = 0.96, SD = 0.03; females: n = .97, M = 0.97, SD = 0.03), t(156) = 2.54, p = 

.01, and the right hand (males: n = .83, M = 0.97, SD = 0.03; females: n = 76, M = 0.98, SD = 

0.04), t(181) = 2.97, p = .003. When data from males and females were combined, there were 

statistically significant correlations between facial gender scores and the 2D:4D ratio on the left 

hand (n = 158, r = .20, p = .01), and a trend with the 2D:4D ratio on the right hand (n = 159, r = 

.14, p = .07). However, Table 1 shows that there were no statistically significant correlations 

between digit ratios and gender scores when males (left hand: r = -.02, p = .85; right hand: r = -

.08, p = .46) and females (left hand: r = .16, p = .16; right hand: r = -.07, p = .51) were analysed 

separately. 

 

Adult testosterone and adult facial morphology 

Blood samples in adulthood were available for 85 males. Pearson correlations presented in Table 

1 revealed no statistically significant relationship between testosterone correlations in these 

samples and facial gender scores (r = .01, p = .93) or fWHR (r = -.01, n = .92). Additional 

analyses revealed a weak, but statistically significant association between umbilical cord BioT 

levels and adult testosterone concentrations (r = .23, p = .04). However, there was no statistically 

relationship between adult testosterone concentrations and adult 2D:4D ratio on the left (r = .06, p 

= .63) and right hand (r = .07, p = .57). 

 

Discussion 

 

The data collected in this study provide the first direct evidence for a long hypothesized link 

between prenatal levels of testosterone and adult facial morphology.
17

 After creating an objective 

algorithm that quantified the ‘genderness’ of faces based on Euclidean and geodesic distances 

between facial landmarks, we identified significant associations between biologically active 

testosterone measured from umbilical cord blood and the sexual dimorphism of a face. Higher 

levels of testosterone were related to increased facial masculinity both within- and between-sex, 

with correlations indicating a medium to strong effect size. By contrast, where data were available 







(males only), there was no significant associations between adult testosterone concentrations 

and facial gender score. The associations between cord blood BioT and facial phenotypes 

remained in both sexes even after controlling for potentially confounding antenatal, 

sociodemographic and physical variables. 

 

Animal studies have provided consistent evidence that prenatal and perinatal testosterone 

exposure can exert organisational effects on the architecture of the body and brain.
11-14,25

 Given 

the methodological challenges of measuring the hormone environment in utero, human studies 

have typically relied upon 2D:4D as an index of prenatal testosterone exposure. While several 

studies have reported a link between reduced 2D:4D ratio (purportedly reflecting exposure to 

increased levels of prenatal testosterone) and facial masculinity,
31-33

 there have been a number of 

notable failures to replicate these findings.
45-46

 We have previously shown no association 

between testosterone levels in umbilical cord blood and adult 2D:4D,
21-22

 and the current study 

found no within-sex link between 2D:4D and the facial gender scores for either males or females. 

Taken together, these data suggest caution when using 2D:4D as a surrogate measure of 

prenatal testosterone exposure, and that more direct measurement techniques, such as the 

biochemical analysis of umbilical cord blood, may reveal greater insight into links between the 

prenatal hormone environment and postnatal development. 

 

While the current findings indicate that adult facial morphology is more closely related to prenatal 

testosterone exposure than adult concentrations, the influence of adolescent testosterone levels 

cannot be ruled out. The surge of serum testosterone concentrations during puberty is 20-30 fold 

higher in males compared to females,
4
 and salivary testosterone levels of 12-18 year olds are 

known to be related to sexually dimorphic facial features.
5
 The mean age of participants in the 

current study at the time of ‘adult’ blood collection was approximately 20 years, and all were post-

puberty. Previous studies have identified no relationship between prenatal and adolescent 

testosterone concentrations in females,
47

 but to the best of our knowledge, there has been no 

investigations of these variables in males. Future studies can build on the research presented 







here by investigating the correlation between testosterone concentrations measured in umbilical 

cord and adolescent blood, as well as comparing their relationship with adult facial morphology. 

 

The current findings present a unique contribution to the large body of literature that has linked 

behavioural characteristics with facial phenotypes. A more masculinised face structure has been 

associated with aggression,
48

 risk-taking behaviour
49-50

 and dominance.
51

 These relationships are 

in the same directions as the links between prenatal testosterone exposure and these same 

behavioural characteristics,
24

 raising the possibility that testosterone underpins both sets of 

relationships. Exposure to increased levels of prenatal testosterone has also been linked with 

several neurodevelopmental disorders, in particular autism spectrum disorder (ASD)
52

 and 

developmental language disorder.
26

 While these conditions have not traditionally been thought to 

be characterized by a specific facial phenotype, the current findings would predict a more 

masculinised facial structure among affected individuals. No study has conducted 3D facial 

analysis on children with developmental language disorder, but there is emerging evidence that a 

more masculinised face structure may be associated with the ASD phenotype.
53

 For example, 

Aldridge et al. conducted a 3D modelling study of the faces of 65 8-12 year old boys with ASD 

and 41 typically developing comparison males.
54

 After mapping landmarks to each face, 

Euclidean Distance Matrix Analyses revealed two distinct facial morphology subgroups within the 

broader ASD sample. One of these subgroups had an increase in the length and breadth of the 

face and greater distance between the mouth and chin, which is a facial phenotype thought to 

characterise male-type features.  

 

The participants were recruited from a longitudinal pregnancy-cohort study that has been active 

for 25 years. Only a small proportion (6%) of the originally-recruited cohort contributed data to the 

current study, primarily due to umbilical cord blood being collected on a minority of the cohort only 

(30%), and sample attrition in the two decades since this time. A non-random pattern of attrition is 

commonly observed in longitudinal cohort studies,
55

 and the current study found that socially 

disadvantaged participants were less likely to volunteer for the facial photography in adulthood. 







While the loss of these participants may have affected the results of this study, the original cohort 

over-represented socially-disadvantaged women,
36

 and therefore this pattern of attrition may 

have increased the extent to which the remaining cohort is representative of the general 

population and hence the findings can be generalized. Furthermore, the majority of other studies 

in this area have drawn participant samples from undergraduate university courses.
7,17,31,33,45

 

These cohorts are likely to have a similar bias against participants from a low socio-economic 

strata,
56

 which enables a relatively equivalent comparison between studies. 

 

We also highlight that the index of biologically active concentrations of prenatal testosterone, 

BioT, was not measured directly but derived from our direct measurement of total testosterone 

and SHBG concentrations in umbilical cord blood, and published norms of albumin 

concentrations that take into account hormone changes during pregnancy. While we used 

standard protocols to calculate BioT,
38

 it is possible that a degree of measurement inaccuracy 

was introduced into the analyses by these calculations. However, we suggest that this possibility 

is small given that the correlations between the facial ‘gender score’ and total and free 

testosterone concentrations were of a similar magnitude (and in the same direction), and all 

achieved statistical significance. Finally, it has been suggested that the use of dense sampling of 

3D facial landmarks may provide a better representation of sexual dimorphism than the sparse 

landmark-based approach used in the current study.
57,58. 

Future studies that examine whether the 

significant and substantial correlations identified in the current study are also observed with 

measurements of the full facial complex
58

 will provide the research field with critical information 

regarding how best to quantify facial structure. 

 

In summary, using umbilical cord blood and 3D facial photography we report the findings from a 

20-year study, revealing a significant relationship between exposure to increasing levels of 

prenatal testosterone and masculinisation of the adult face in both males and females. The 

current findings provide the first direct evidence for a long-hypothesized link between early 







testosterone exposure and face structure, and provide further support for the organisational 

effects of the prenatal hormone environment on postnatal development of the human body. 
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Table 1. Pearson correlations between testosterone levels in umbilical cord blood (BioT) and adult blood (Adult 

T), 2D:4D in the left and right hand, the facial gender score derived by 3D facial photography and the facial width-

to-height ratio (fWHR). Correlations for females are below the diagonal, and correlations for males are above the 

diagonal. The number of data points in each correlation are included in parentheses. No data on adult 

testosterone concentrations were available for females.  

 1 2 3 4 5 6 

1. BioT 1 .23* (85) .10 (82) -.02 (83) -.55** (97) .17 (97) 

2. Adult T - 1 .06 (78) .07 (79) .01 (85) -.01 (83) 

3. 2D:4D left hand -.29* (76) - 1 .71** (82) -.02  (82) -.01  (82) 

4. 2D:4D right hand .01 (76) - .62** (76) 1 -.08 (83) .11 (83) 

5. Facial gender score -.48** (86) - .16 (76) -.08 (76) 1 -.01 (97) 

6. fWHR .16 (86) - -.22 (76) -.12 (76) .08 (86) 1 

*p<.05; **p<.01 







Figure legends 

 

 

Figure 1.  3D image annotated with 21 facial landmarks. 

 

 

 

 







 

Figure 2. Creation of the ‘gender score’ for each face. The selected features of each 3D face in 

the training data are projected in the Linear Discriminant Analysis (LDA) space which separates 

the two classes, males and females (Figure 3). We find the mean of both classes and the centre 

point between these means in the LDA space. These are shown in Figure 3 as black triangles 

and a black cross. The selected features of each test face (pink diamond) are then projected in 

the LDA space. The algorithm finds the distance between the test face and the centre of the 

mean of the two classes (the black cross) and ascribes a ‘gender score’ as G = 1 - X/2Y. The 

further this test face is from the centre, the higher the masculinity or femininity. In the particular 

example, the test face (pink diamond) lies between the centre point and the mean for females, 

and so will have a ‘gender score’ that represents low femininity. The synthetic faces shown in the 

figure depict the varying masculinity of the same identity. 

 

 

 







Figure 3. Five Euclidean (left) and seven geodesic (right) distances that maximally separate 

males and females in the LDA space. 

 

 

Figure 4. Scatter plot and trend lines showing the relationship between testosterone levels from 

umbilical cord blood and facial ‘gender scores’ for females (pink) and males (blue). Facial gender 

scores range from very masculine (score of 0) to very feminine (score of 1). 

 


