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Background: Perceived age has been defined as the age that a person is visually estimated to 

be on the basis of physical appearance. In a society where a youthful appearance are an object 

of desire for consumers, and a source of commercial profit for cosmetic companies, this concept 

has a prominent role. In addition, perceived age is also an indicator of overall health status in 

elderly people, since old-looking people tend to show higher rates of morbidity and mortality. 

However, there is a lack of objective methods for quantifying perceived age.

Methods: In order to satisfy the need of objective approaches for estimating perceived age, 

a novel algorithm was created. The novel algorithm uses supervised mathematical learning 

techniques and error retropropagation for the creation of an artificial neural network able to 

learn biophysical and clinically assessed parameters of subjects. The algorithm provides a 

consistent estimation of an individual’s perceived age, taking into account a defined set of 

facial skin phenotypic traits, such as wrinkles and roughness, number of wrinkles, depth of 

wrinkles, and pigmentation. A nonintervention, epidemiological cross-sectional study of cases 

and controls was conducted in 120 female volunteers for the diagnosis of perceived age using 

this novel algorithm. Data collection was performed by clinical assessment of an expert panel 

and biophysical assessment using the ANTERA 3D® device.

Results and discussion: Employing phenotype data as variables and expert assignments as 

objective data, the algorithm was found to correctly classify the samples with an accuracy of 

92.04%. Therefore, we have developed a method for determining the perceived age of a subject 

in a standardized, consistent manner. Further application of this algorithm is thus a promising 

approach for the testing and validation of cosmetic treatments and aesthetic surgery, and it also 

could be used as a screening method for general health status in the population.
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Introduction
Physical appearance plays a central role in social interactions. “What is beautiful is 

good” wrote the Greek poet Sappho almost three millennia ago, and this affirmation 

still holds true in our society. Tangible proof of the prominent role of beauty in our 

society is the $220 billion (worldwide annual US dollars) in revenues that was obtained 

in 2012 by the companies in the cosmetics sector.1

There is a tight connection between external appearance and age: young looks 

are associated with beauty, and that is why people try to keep hold of their youth. 

When dealing with aging and appearance, however, clear terminology is required. 

“Chronological age” is typically defined as a person’s lifespan, that is, the amount 

of years that have passed since that person was born. Because tissues deteriorate at 
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different rates depending on the individual, this concept fails 

to provide a clear indicator of the aging process. Therefore, 

the term “biological age” has been coined to describe the 

functional status of an individual in reference to others pos-

sessing the same chronological age.2

Among the collection of changes that accompany the 

aging process, the progressive deterioration of external 

appearance is probably the most notorious one. Accounting 

for this, the term “perceived age” comes into play, defined 

as the age that a person is visually estimated to be on the 

basis of physical appearance. In all cases, years and months 

thereof are used as standard measurement units.

A close link between biological and perceived age has 

been identified, because people who retain their functional 

capabilities usually show a younger appearance. So, per-

ceived age is a good estimate of health in elderly populations, 

and hence it was recently shown to be a clinical marker for 

assessment of “healthy” aging.3 Subjects looking old for their 

age had a greater risk of both morbidity and mortality. Also, 

higher perceived age has been associated with high serum 

glucose levels,4 cortisol levels,5 and depression.6,7

More importantly, neither perceived age nor biological 

age are strictly dependent on chronological age, a fact that 

has profound implications for the cosmetic industry. Some 

people display an astonishingly young look in relation to 

their appearance, whereas others – sometimes, one of two 

twins – deteriorate much more rapidly. These differences can 

be a result of various intrinsic and extrinsic factors including, 

but not limited to, exposure to sunlight, pollution, nicotine, 

and diet or sleeping habits.8 Nongenetic factors have a great 

contribution to perceived age: changes in facial features, as 

skin wrinkling,3 skin color homogeneity,9,10 lip size,3 and sag11 

have all been linked to perceived age.

The cosmetic industry uses perceived age assessment to 

determine the efficacy of treatments – for example, to quan-

tify the efficacy of multisyringe hyaluronic acid treatment12 

or plastic surgery.13 Perceived age is measured by clinical 

assessment, conventionally through photographic images.14,15 

Still, as the Irish novelist Margaret Wolfe Hungerford 

immortalized in her classic Molly Bawn, “beauty is in the 

eye of the beholder”: despite the use of accepted grading 

scales,16 estimation of age relies on subjective human 

assignments. In addition, hiring an entire team of experts is 

expensive and time consuming, and hence not feasible for 

large-scale assessments. Therefore, there is a need for an 

objective method to determine the perceived age of a person 

in a faster, cheaper, and standardized manner.

The diagnosis of a person’s perceived age could be 

applied as an easy and noninvasive method to estimate a 

person’s health in the same way that abdominal girth is a 

marker of metabolic syndrome17 or cardiovascular events,18 

as well as to evaluate the efficacy of cosmetic treatments 

such as contact thermography, morphometric measures of 

thigh circumference, and microcirculation evaluation of 

cellulite.19

In the present article, a new and standardized method 

for diagnosing perceived age is described and subsequently 

applied to a group of volunteers. This method consists of a 

mathematical algorithm that measures phenotypic features 

of individuals and classifies them to evaluate a person’s skin 

aging. The measurement of a person’s perceived age over 

time could be useful for the validation of treatments such as 

cosmetic treatment, aesthetic surgery, exercise, nutritional 

complements, diets, and alternative therapies including 

relaxation, laughter therapy, personal growth therapy, and 

nutritional complements.

Methods
We designed an artificial neural network (ANN) algorithm 

that provides an objective estimation of an individual’s 

perceived age on the basis of phenotypic features. Thus, 

phenotypic data is the input value of the algorithm, whereas 

perceived age is the output. In order to test the validity of the 

method and check its accuracy, it was applied to a group of 

volunteers of ages ranging from 41 to 49 years old.

Study design
A nonintervention, epidemiological cross-sectional study of 

cases and controls was conducted in 120 female volunteers 

for the diagnosis of perceived age using the novel algorithm. 

The epidemiological study was conducted at the Hospital 

of Nisa, Valencia, Spain. The study received the approval 

of the Autonomic Ethics Committee of Clinical Studies of 

Drugs and Medical Devices of the Valencian Community 

in Spain.

Eligibility criteria for the study
For inclusion in the study, participants had to fulfill the fol-

lowing criteria: the volunteers were women aged 41–49 years 

old of all skin types (normal, dry, or oily) who regularly 

attended a dermatology clinic and had a predominantly urban 

lifestyle. They had to demonstrate the ability to understand 

the goal of the study, as well as the ability to understand any 

risks associated with their participation. Finally, they had to 
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be fully capable of understanding and signing the informed 

consent document.

Women who had been smokers within the last 5 years, or 

who were regularly exposed to the sun without protection, or 

who used ultraviolet A tanning were not considered for the 

study. Women suffering from severe skin disorders, such as 

cutaneous carcinoma, melanoma, collagenosis (eg, systemic 

lupus, scleroderma), severe acne or rosacea, scars, and con-

sequences of other skin diseases were also excluded. Other 

environmental and lifestyle factors that clinicians considered 

to significantly contribute to perceived age were taken into 

account. Lastly, aesthetic facial treatments, medical or surgi-

cal, were also criteria for exclusion.

Data collection
A set of parameters known as phenotypic features were 

defined to develop the algorithm. Data were collected using 

two measuring methods: 1) biophysical assessment by 

ANTERA 3D® device (Miravex Limited, Dublin, Ireland)20 

and 2) clinical assessment by an expert panel.

Data derived from the ANTERA 3D® device
Biophysical parameters derived from using the ANTERA 

3D® device were wrinkles and roughness, number of wrin-

kles, depth of wrinkles, length of wrinkles, skin pigmenta-

tion, concentration of melanin, distribution (heterogeneity) 

of melanin, superficial vascular component, concentration 

of hemoglobin, distribution (heterogeneity) of hemoglobin, 

facial furrows analysis, nasogenian furrow analysis, and 

roughness. Clinically assessed parameters were the position 

of eyebrows, state of periorbital wrinkles, state of facial 

wrinkles, and evaluation of the labiomental groove.

The phenotypes of all subjects involved in the study are 

represented by 22 variables that are shown in Table 1.

Data collected by the clinical assessment  
of an expert panel
Data on the perceived age of the subjects measured using 

the test of Carruthers and Carruthers was collected using 

photographic images, which is the predominant method for 

generating perceived age.3

The photos were taken in a standardized manner, with 

reproducibility of lighting conditions, photographic set-

tings, and other conditions like no makeup, covered hair, 

no jewelry. Subsequently, these photographs were assessed 

blindly and independently by a panel of experts consisting of 

six dermatologists, who assigned an age to each one of the 

subjects on the basis of their expert opinion and professional 

experience as well as using the validated scale age of facial 

age gradation suggested by Carruthers and Carruthers. The 

Carruthers grading scale defines perceived age as an integer 

in the range of −5 to +5 years. For example, +2 indicates that 

a subject appears to be 2 years older than his or her actual 

age, whereas −3 indicates that the subject’s perceived age is 

3 years younger than his or her chronological age.

Algorithm for diagnosing perceived age
We developed an algorithm that simulates and improves the 

clinical assessment performed by the expert panel, determin-

ing a person’s perceived age with the Carruthers validated 

facial grading scale based on individual phenotype criteria.

The algorithm is based on artificial intelligence proce-

dures, specifically ANN. The system developed here employs 

supervised mathematical learning and error retropropagation 

techniques to learn the relations between biophysical and 

clinically assessed parameters of subjects. The algorithm 

takes phenotype data as variables and expert assignments 

as objective data that are used in the learning process. As a 

result, our method generates an improved simulation of expert 

assessments of perceived age for a given set of variables.

Table 1 Variables used to describe the phenotypic features of 
the skin

Variables

Position of eyebrows
State of periorbital wrinkles
 R ight periorbital zone
 L eft periorbital zone
State of facial wrinkles
 R ight frontal zone
 L eft frontal zone
Evaluation of labiomental groove
Wrinkles and roughness
 L ength of wrinkles
  Thickness of wrinkles
  Depth of wrinkles
Pigmentation
  Average value of melanin
  Variation-heterogeneity index of the melanin distribution
 R elative percentage variation
  Method of distribution of melanin in the study area
Superficial vascular component
  Average value of hemoglobin
  Variation-heterogeneity index of the hemoglobin distribution
 R elative percentage variation
  Method of distribution of hemoglobin in the study area
Depth and length of the facial nasogenian groove 
Depth and length of the labiomental groove
Roughness
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The artificial neural network (ANNs) are trained by using 

the standard k-fold cross-validation method. In our case, we 

did this process ten times (k = ten), so the original sample 

was randomly partitioned into ten equal-sized subsamples. 

Of the ten subsamples, a single subsample was retained as the 

validation data for testing the model, and the remaining nine 

subsamples were used as training data. The cross-validation 

process is then repeated ten times (the folds), with each of 

the ten subsamples used exactly once as the validation data. 

The ten results from the folds were then averaged to produce 

a single estimation of accuracy. The advantage of this method 

is that all observations are used for both training and vali-

dation, and each observation is used for validation exactly 

once. The averaged accuracy of the method is calculated by 

combining the results of the ten different training/validation 

data samples.

ANNs are capable of pattern recognition in complex data 

collections, as in our case. Supervised learning (or optimiza-

tion) methods are directed specifically to infer patterns from 

large collections of data, in order to develop models that pre-

dict the correspondence between a set of variables and a set 

of objective data (in our case, the variables are the phenotypic 

evaluations, and objective data are the perceived ages).

In our case, the phenotypic evaluation for each subject is 

composed of 22 properties, ie, 22 different values that can be 

represented as a vector with 22 dimensions. In order to apply 

the ANN methods we needed to reduce the 22 dimensions to 

two, while preserving the original properties of the 22 original 

dimensions. A number of mathematical methods exist to per-

form this transformation; one of the most common techniques 

is Sammon mapping and back propagation.21

Results and discussion
A new and standardized method for diagnosing perceived 

age has been developed to replicate the clinical assessment 

performed by an expert panel. The method learns from the 

combination of two sets of data: phenotypic, objective and 

quantifiable variables, and expert assignments by qualified 

dermatologists.

We selected 22 variables as main contributors to perceived 

age estimation (Table 2). For example, our results indicate 

that the length of the nasogenian groove (11.67%) contrib-

utes to perceived age in a much more significant manner 

than depth of wrinkles (1.61%) or melanin concentration 

(0.10%).

Considering the individual relevance of each variable 

in accordance with these values, we have developed an 

algorithm able to make an estimation of perceived age. The 

algorithm was able to correctly classify the samples with an 

accuracy of 92.04%, where the accuracy is the capability 

to predict the perceived age estimated by the experts, hav-

ing as input variables the 22 selected ones. Therefore, we 

have demonstrated that the suggested method is valid for 

determining perceived age of a subject in a standardized, 

consistent manner.

Conclusion
There is an urgent need for objective, quantitative, and stan-

dardized rating methods capable of performing an accurate 

diagnosis of perceived age. In this paper, we propose a novel 

artificial intelligence-based method that successfully emu-

lates and improves the clinical assessment performed by an 

expert panel. With an accuracy of 92%, it can represent a 

valid substitute for traditional approaches, which are costly, 

time-consuming, and potentially unreliable.

Expert assessments rely on human subjective assignments 

exposed to individual bias. That is, there may be differences 

in judgment between experts, and also the criteria of one indi-

vidual might change with time. Furthermore, the recruitment 

of a panel of dermatologists is time-consuming and entails 

considerable cost. In comparison, a computerized method is 

free from these shortcomings.

The ability to quantify the aesthetic signs of aging on the 

basis of a given set of parameters is highly appealing for the 

Table 2 Effect of the contribution of each of 22 variables involved 
in the study

Variables Relevance

Length of nasogenian groove 11.67%
Variation-heterogeneity index of the hemoglobin  
distribution

10.41%

Depth of nasogenian groove 10.26%
Position of eyebrows 7.52%
Method of distribution of hemoglobin in the study area 6.83%
Hemoglobin concentration 6.70%
Method of distribution of melanin in the study area 6.35%
Roughness 6.28%
Variation-heterogeneity index of the melanin distribution 6.25%
Percentage of melanin distribution 4.56%
Length of wrinkles 4.06%
Depth of labiomental groove 3.71%
Thickness of wrinkles 3.67%
Left frontal facial wrinkles 2.63%
Length of labiomental groove 2.35%
Depth of wrinkles 1.61%
Right frontal facial wrinkles 1.26%
Percentage of hemoglobin distribution 1.25%
Left periorbital wrinkles 0.81%
Right periorbital wrinkles 0.33%
Melanin concentration 0.10%
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cosmetics industry. Potential applications include the design 

of a personalized treatment for an individual depending on 

his or her apparent age, or keeping track of the response to 

anti-aging treatment. Also, it could be used as a validation 

criterion for treatments comprising cosmetics, aesthetic 

surgery, alternative medicine, exercise, or diets. Going even 

further, as there is a clear relationship between perceived 

age and biological age, our method could be employed to 

evaluate the overall health status of an individual16 in an 

age group (41–49 years old) where the most cost-effective 

interventions (therapeutic or of lifestyle changes) can be 

applied.
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