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ABSTRACT

OBJECTIVES: The current study is focused on assessing the factors of attractiveness of opposite-sex individu-
als based on evaluating photographs of their faces.

BACKGROUND: When assessing the attractiveness, factors of both, the assessed individual and the assessor
play a role. The relationship of the preference for partners based on their physical appearance with the mark-
ers of prenatal testosterone is not fully understood.

METHODS: Sex hormone levels were measured in saliva, while age, social status, income and occupation were
recorded. A total of 30 women and 35 men were enrolled.

RESULTS: The identified factors determining the attractiveness of menare their age and prenatal testoster-
one level (second-to-fourth digit ratio — 2D:4D). The attractiveness of men is more influenced by the factors of
evaluating women, namely the rating assigned to the men positively correlates with age, 2D:4D, and salivary
estradiol of the evaluating women. The attractiveness of women correlated negatively with age and positively
with prenatal exposure to androgens (2D:4D).The women with lower estradiol were rated higher by men who
themselves had low estradiol levels. The attractiveness did not correlate with current testosterone.
CONCLUSION: This study contributes to the knowledge on the role of sex hormones in human sexuality and
partner choice. Further studies should include genetic factors of testosterone metabolism. (Tab. 4, Ref. 23).
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Abbreviations: 2D:4D - second-to-fourth digit ratio, GLM — gene-
ral linear model, WHR — waist-to-hip ratio

Introduction

Physical attractiveness is defined as the perception of physi-
cal characteristics of an individual that evokes pleasure or desire.
The assessment of attractiveness of physical characteristics is
complex and shows evident interindividual variations. The re-
lationship between the preference for partner based on physical
signs and markers of prenatal testosterone levels is still not fully
understood. According to a meta-analysis, the correlation between
second-to-fourth digit ratio (2D:4D) as a predictor of prenatal
levels of testosterone and men’s facial attractiveness was not
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significant (1, 2). Unknown is also the correlation between the
attractiveness and current levels of sex hormones. According to
available publications, the testosterone-to-estradiol ratio and low
testosterone levels were positively associated with women’s fa-
cial attractiveness (3). Others have found that the interaction of
progesterone and estradiol adversely affect the women’s attrac-
tiveness as judged by men (4). It was also found that the faces of
women, but not those of men, with higher testosterone levels were
considered physically more attractive. In addition, a higher estra-
diol-to-progesterone ratio was positively correlated with women’s
facial attractiveness (4, 5). However, recent analyses revealed no
evidence that women with more attractive faces and waist-to-hip
ratio have higher levels of estradiol or progesterone (6). In addi-
tion, men’s current testosterone levels did not correlate with their
attractiveness when rated by women upon inspecting the men’s
photographs but did correlate with women’s physiological arousal
(pupil diameter). Thus, self-rated preferences may not provide a
straightforward and direct assessment of sexual attraction. The
assessment of objective sexual attraction might provide more re-
liable and consistent findings (7).

When assessing the attractiveness, the factors of both the as-
sessed individual and assessor play a role. Testosterone levels
in men have no influence on the assessment of attractiveness as
judged by women, but men with lower testosterone levels are more
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confident with their selections (8). The evaluation of women’s at-
tractiveness as judged by men was not affected by the current levels
of testosterone in men (9). Men’s preference for more feminine
faces in women decreases with age, being highest among men in
their 30s. These differences in preference potentially reflect the
age-related decline in testosterone levels (10). In women, varia-
tions were found in the assessment of men’s attractiveness during
distinct phases of the menstrual cycle. Some studies confirm the
role of women’s current sex hormone levels in their assessment of
men’s attractiveness (11). The ovulatory shift hypothesis proposes
that women'’s preferences for masculine traits reach their peak at
the periovulatory period of the menstrual cycle. Consistent with
this hypothesis, the increase in estradiol predicted an increase in
women’s preferences for more masculine faces in men, while high
levels of progesterone predicted an increase in women’s prefer-
ences for more feminine faces in men (12). Women*s preference
for men with high testosterone levels was changing with the level
of estradiol during the cycle. Higher estradiol level correlated with
a preference for androgen-dependent traits in men (13). On the
other hand, recent studies showed that women’s preferences for
men’s facial masculinity did not change over the menstrual cycle
and were not associated with levels of estradiol, progesterone or
luteinizing hormone (14, 15). Interestingly, based on the assess-
ment of photographs, single men‘s faces were rated by women as
more masculine and thus more attractive than those of partnered
men (16). This is in line with previous findings that single males
have higher testosterone levels than partnered males and that
higher testosterone levels are associated with higher attractiveness.

It is believed that physical attractiveness influences several
key aspects in human life. People who are perceived as more at-
tractive have better school results, better jobs, higher wages, and
higher chance of getting married. Women tend to select a long-
term partner with certain genetic and health characteristics, and
features indicating good access to resources. Although males often
attain status and wealth later in life, their potential for the future
can be assumed earlier. The resource-holding potential may have
various determinants such as family background, education, pro-
fession, and intelligence. Women take often these attributes into
account when choosing their ideal partner. It has been shown that
women who are more attractive have higher probability to marry
a partner with a higher social status (17). Subjects of the study
were assessed as more attractive when they lived in more favorable
socio-economic conditions during their childhood (18).

The current work focused on assessing the attractiveness of
opposite-sex individuals based on evaluating their photographs.
Levels of sex hormones were measured in saliva, while factors
influencing the assessment of attractiveness were recorded, includ-
ing age, social status, marital status and duration of relationship,
monthly expenditure, and occupation.

Materials and methods
Study design

Two separate studies have been conducted. Both studies were
divided into two rounds. In the first round, the participants pro-
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vided basic personal information on their socioeconomic status
and life partner, and provided standardized photographs of their
face and right-hand palm. In the second round of Study | blood
and saliva samples were collected for testosterone levels measure-
ment. Female participants provided their samples on 21st day of
their menstrual cycle. In the second round of Study Il, participants
were mailed a sterile tube for saliva collection. Using the facial
photographs, the participants rated the visual attractiveness of
each other on a scale from 0-10, 0 being the least attractive and
10 the most attractive.

Study participants

Twelve women and fourteen men were enrolled in Study .
Sixteen women and twenty-one men were enrolled in Study II.
The average age of men in Study | was 20.8 years (between 20 and
22). The average age of men in Study Il was 26.1 years (between
22 and 33). The average age of women was 26.3 years (between
20 and 27) in Study | and 27.4 years (between 19.3 and 44.2) in
Study I1. One of the women in Study Il was married.

Measurement of hormone levels

Testosterone was measured using DRG Testosterone ELISA
Kit (DRG Diagnostics, Marburg, Germany) according to the man-
ufacturer’s instructions. Similarly, estradiol was measured using
DRG Estradiol ELISA Kit (DRG Diagnostics, Marburg, Germany)
according to the manufacturer’s instructions.

Measurement of second-to-fourth digit ratio (2D:4D)

The lengths of second and fourth fingers (2D and 4D) of the
right hand was measured on palm scans using software Gimp 2.8.0
and the 2D:4D ratio was calculated.

Data analysis

Data were analyzed using XLStatistics 20 (Microsoft, Red-
mond, Washington, USA) and SPSS (IBM, Armonk, New York,
USA). To analyze the results and search for correlations between
different factors, we have created all possible combinations of
man-woman pairs from the whole set of subjects. The relationship
between the factors was studied by correlation and linear regression
analysis. The general linear model (GLM) was used to examine
the dependency of one or more interval variables on one or more
independent intervals and/or nominal variables. GLM explains
the dependence of two variables in view of all the data collected.
The correlation model is used to detect single, paired dependent
phenomena in isolation.

Results

Study |

In Study I, the influence of multiple factors on the assessment
of attractiveness of the opposite-sex individuals was investigated.
It was found that among all, the only male factor, which determines
the rate of women’s attraction to men is the age of the latter. The
study did not confirm our assumption of correlation of men’s at-
tractiveness as evaluated by women with the level of prenatal male
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Tab. 1. Evaluation of men’s attractiveness as assessed by women.

Factor Ranking change Standardized beta coefficient Significance (p value)
Men’s age 0..860 0..268 <0.001

The length of women’s second finger 0.301 0.375 0.005

Length of women’s partnership 0.732 0.919 <0.001
Women’s monthly expenses -0.016 -0.937 <0.001

Level of women’s salivary testosterone —0.008 -0.348 0.001

After normalization

Man’s age 0.224 0.277 0.001

The table shows the change in the attractiveness score based on the change in factor after normalization by one unit.

Tab. 2. Evaluation of the attractiveness of men as assessed by women.

Factor Ranking change Standardized beta coefficient Significance (p value)

Level of women’s salivary testosterone -0.005 -0.299 <0.001

Length of men’s partnership 0.576 0.534 <0.001

Men’s monthly expenses -0.015 -0.457 < 0.001

After normalization

Level of women’s salivary testosterone -0.001 -0.334 <0.001

The table shows the change in the attractiveness score based on the change in factor after normalization by one unit.

Tab. 3. General linear model of Study I1.

Source e 0 S e df Mean Square F Sig

Squares

Corrected Model XYEVALXX 670.792a 8 83.849 18.871 <0.001
XXEVALXY 397.651b 8 49.706 10.613 <0.001

XYTST XYEVALXX 5.566 1 5.566 1.253 0.264
XXEVALXY 6.619 1 6.619 1.413 0.235

XXTST XYEVALXX .681 1 0.681 0.153 0.696
XXEVALXY 2.321 1 2.321 0.496 0.482

XYEST XYEVALXX 27.492 1 27.492 6.187 0.013
XXEVALXY 2.368 1 2.368 0.506 0.478

XXEST XYEVALXX 277.419 1 277.419 62.435 <0.001
XXEVALXY 73.844 1 73.844 15.767 <0.001

XYAGE XYEVALXX 172 1 0.172 0.039 0.844
XXEVALXY 28.852 1 28.852 6.161 0.014

XXAGE XYEVALXX 149.854 1 149.854 33.726 <0.001
XXEVALXY 137.545 1 137.545 29.368 <0.001

XY2D4D XYEVALXX 1.055 1 1.055 0.237 0.626
XXEVALXY 11.949 1 11.949 2.551 0.111

XX2D4D XYEVALXX 159.841 1 159.841 35.973 <0.001
XXEVALXY 111.442 1 111.442 23.795 <0.001

The columns show factors of evaluation. Significant results are highlighted. XYEVALXX = evaluation of women by men, XXEVALXY = evaluation of men by women,
XYTEST =men’s salivary testosterone level, XXTEST = women’s salivary testosterone level, XYEST = men’s salivary estradiol level, XXEST = women’s salivary estradiol
level, XYAGE = men’s age, XXAGE = women’s age, XY2D:4D = 2nd-to-4th digit ratio in men, XX2D:4D = 2nd-to-4th digit ratio in women

testosterone (2D:4D ratio) or actual level of testosterone. Men’s
attractiveness as assessed by women depends more on factors of
the latter. It was found that higher 2D:4D ratio and longer partner-
ship of women have positive influence on the evaluation of men’s
attractiveness. On the other hand, higher monthly expenditure
and higher levels of salivary testosterone in women negatively
correlates with their assessment of men. After normalization, the
only significant factor to be found was that of the age of evaluated
men. Older men received higher score then younger ones. Table
1 shows the changes in evaluating the male attractiveness based
on the change in monitoring factors by one unit.

The attractiveness of women as evaluated by men was found
to be significantly dependent on the factor of the level of salivary
testosterone in women. Higher levels of salivary testosterone in
women have a negative impact on their attractiveness as judged
by men, even after normalization. Higher monthly expenditure of
men correlated with a downward shift in the scores they assigned
to women’s attractiveness. On the other hand, longer partnership
of men correlated with an upward shift in the scores assigned by
them to the attractiveness of women. The results are summarized
in Table 2. After normalization, the only factor to be found sig-
nificant was that of salivary testosterone in evaluated women.
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Tab. 4. Correlation model of Study I1.

EaN
S
[o2]

XYTST XXTST XYEST XXEST XYAGE XXAGE XY2D4D XX2D4D
-0.117

-0.049
0.375

XYEVALXX XXEVALXY

-0.135
0.013

-0.002
0.976

-0.356
<0.001
0.298
<0.001

-0.031
0.569
-0.161
0.003

-0.401
0.032 <0.001

0.080
0.141

-0.159
0.004

Pearson Correlation
Sig. (2-tailed)

XYEVALXX

0.146
0.007

-0.118
0.030

0.233
<0.001

1 -0.017 -0.029 0.020
0.761 0.601 0.709
The columns show factors of evaluation. First line shows evaluation of women by men, the second line shows evaluation of men by women, their correlation and significance, XYEVALXX = evaluation of women by men, XX-

-0.159
0.004

Pearson Correlation
Sig. (2-tailed)

XXEVALXY

=women’s salivary estradiol level, XY-

= men’s salivary estradiol level, XXEST

women’s salivary testosterone level, XYEST

2nd-to-4th digit ratio in women

men’s salivary testosterone level, XXTEST =

evaluation of men by women, XYTEST

men’s age, XXAGE

EVALXY
AGE

2nd-to-4th digit ratio in men, XX2D:4D =

women’s age, XY2D:4D =

Study |1

Highly rated were women with
low levels of estradiol, but only when
the evaluating man himself had low
levels of estradiol. Higher scores
were given to younger women. Low
2D:4D ratios (higher prenatal ex-
posure to androgenic hormones) of
women correlated with higher scores
given by men.

The rate of male attractiveness
was determined by characteristics
of the evaluating women rather than
those of evaluated men. Men’s attrac-
tiveness positively correlated with
age, estradiol levels, and 2D:4D ra-
tio of the evaluating women (Tab. 3).
Men with lower 2D:4D ratio (high
prenatal exposure to androgens) and
younger men were considered more
attractive.

Aconsiderable influence of some
factors on the attractiveness score
was found in the correlation mod-
el, but not in GLM. The correlation
model examines the dependency
of two variables in isolation, while
GLM examines factors generally in
the view of all data (Tab. 4).

Comparison of both studies

In both studies, the men’s attrac-
tiveness seems to be predominantly
influenced by factors of the evalu-
ating women rather than those of
evaluated men. In Study I, younger
men were rated as more attractive,
whereas in Study |, it was older men
who were considered more attrac-
tive. This difference may be caused
by different sets of subjects. Study
I involved men in the age range of
20-22 years, whereas Study Il in-
volved those in the age range of
22.8-36.1 years. The age of women
was also a significant factor affect-
ing the rate of attraction of wom-
en to men. In general, older wom-
en gave higher scores to men. In
study | however, this finding was
not significant. Again, this might be
caused by the fact that there was a
difference between the age range of
women in Study Il (19-44 years)
and Study | (20-27 years). Never-

theless, women’s factors, rather than those of men, seem to rep-
resent stronger determinants of men’s attractiveness. This rela-
tionship is maintained in both studies. In Study I, the factors that
significantly influenced the evaluation of women by men included
men’s age, women’s 2D:4D ratio, length of relationship, monthly
expenditure and salivary testosterone. This finding, however, was
not confirmed in Study 1.

Discussion

The current study aimed to evaluate the association between
the assessment of facial attractiveness (using photographs) and
biological (levels of sex hormones) as well as social factors that
might influence this assessment. Lower 2D:4D ratio, which cor-
relates with higher prenatal exposure to androgens, had a positive
influence on rating assigned to women by men. The correlation
between 2D:4D ratio and attractiveness related to body odors
was previously described by others authors (19). Men with more
masculine, lower 2D:4D ratio were considered more attractive.
A meta-analysis showed no correlation between 2D:4D ratio and
men’s facial attractiveness, but the association cannot be ruled
out (1, 2). Although the correlation between 2D:4D ratio and cur-
rent attractiveness is not significant, it does not necessarily have
to mean that the actual level of prenatal testosterone has no effect
on male attractiveness.

The present study did not confirm any association between
current testosterone levels and attractiveness. However, our study
did not take into consideration the secondary sexual characteris-
tics given by testosterone levels, such as body hair. According to
other authors, the amount of body hair correlated negatively with
the attractiveness of men (20). Body hair is related to circulating
androgens and is regarded as one of secondary sex characteris-
tics. Subjects in the study by Dixson et al. were rated using naked
body photographs. As opposed to the latter, the attractiveness in
this study was assessed by face photographs.

Current knowledge infers that higher levels of sex hormones
increase the subject’s attractiveness (13). Study demonstrating the
differences between hormonal predictors of preference dependent
on testosterone and masculine facial initiatives found that estradiol
or testosterone levels change insignificantly the foreseen change
in preferences for masculine facial features. These results are not
in contradiction with our findings.

The authors undertaking the research on 60 Latvian men
have found a relationship between facial and vocal attractiveness
and masculinity, height, testosterone levels and antibodies (20).
According to our study, women’s preference for men’s facial at-
tractiveness correlates with circulating levels of testosterone and
antibodies. Attractive facial characteristics are a measure of good
immune response and represent a factor for natural selection, which
means a higher rate of successful fights with infections, and higher
average age of survival of a subject and his offspring. Interestingly,
based on the assessment of photographs, single men’s faces were
rated by women as more masculine and thus more attractive than
those of partnered men (16). This is in line with previous find-
ings, namely that single males have higher testosterone levels than
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partnered males and that higher testosterone levels are associated
with higher attractiveness.

During the menstrual cycle, estradiol and progesterone levels
and women’s preference for men undergo changes (21). During
ovulation women prefer men with higher levels of androgens. We
did not find any correlation between the attractiveness or assess-
ment of attractiveness and the phase of the cycle in Study I. Further-
more, we assume that nowadays, majority of women at fertile age
use hormonal contraceptives. During the menstrual cycle, women’s
preferences for masculinity in male faces, voices and behavior are
subjected to changes which are the strongest in periovulatory pe-
riod (9). On the other hand, recent studies showed that women’s
preferences for men’s facial masculinity did not change over the
menstrual cycle and were not associated with levels of estradiol,
progesterone or luteinizing hormone (14, 15).

Women’s age was a factor that significantly influenced the
rating of men’s attractiveness as assessed by women. Younger
women gave higher scores. Other authors found a correlation
between men’s age and men’s attractiveness. When assessed by
women, the attractiveness of men’s faces decreased with age of
the assessed men (10). The most attractive were the men in their
30s while least attractive were those in their 70s.

There are only few works that examined the relationship be-
tween sex hormone levels and face attractiveness, and thus the
empirical evidence of this relationship is still missing. It is pos-
sible that subjects’ current levels of sex hormones are not directly
related to their attractiveness (6, 7). However, sex hormones in-
fluence the attractiveness through the development of secondary
sexual characteristics such as body composition and body hair at
puberty. Interesting results were found in a study by Ferdenzi et al,
where more attractive were seen the women with low testosterone
levels and low testosterone-to-estradiol ratio (22). The latter low
ratio seemed to be in a stronger correlation with attractiveness than
isolated low testosterone levels. Interestingly, the absolute current
women’s estradiol levels were in no association with their own at-
tractiveness. In Study I, we found a significant association between
increasing levels of salivary testosterone in women and negative
assessment of their attractiveness. The same conclusions were
pronounced, namely that as more attractive are rated the women
with lower current levels of testosterone. In Study 11, a preference
for women with low levels of estradiol was found, but only if the
latter hormone level of the assessing man was low as well. In the
above-mentioned study, the authors did not examine the hormone
levels of the evaluating men. A study on budgerigars showed that
an experimental increase in female testosterone levels did not af-
fect male preference in choosing the partner (23).

Some of our results were not expected. A correlation was
found between current levels of men’s testosterone and 2D:4D
ratio. Also, the correlation between age and 2D:4D ratio in men
as well as that between age and estradiol level in women were
found. It is obvious that there is a sex difference in the evaluation
of attractiveness. The attractiveness of men is more dependent on
the factors of evaluating women.

One of the major limitations of our study was a small number
of participants. Further, our study was purely a correlation study,

and therefore it is hard to explain the causal relationships. It is not
clear why the current level of sex hormones is associated with the
assessment of attractiveness of the opposite sex.

The hypothesis that attractiveness and assessment of attrac-
tiveness in the opposite sex correlates with current testosterone
levels was not confirmed. On the other hand, a correlation was
found between the current estradiol levels and attractiveness.
The results are interesting and supplement the previously pub-
lished literature. Facial attractiveness is demonstrated by sev-
eral authors as an important determinant of partner selection and
quality of the gene pool. Nevertheless, future studies might in-
clude additional factors such as progesterone levels, surface of
the face, skin color or texture, symmetry, masculinity or feminin-
ity of facial characteristics or BMI. This study contributes to the
knowledge on the role of sex hormones in human sexuality and
choice of partner. Overall, this knowledge can have implications
for people’s attitudes and behavior, aesthetics, but also lifestyle
and human health.
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