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OVERVIEW OF METHODS OF DEEP LEARNING FOR
STUDY OF STATE OF HEALTH OF POPULATION ON
BASIS OF BIOLOGICAL AGE INDICATOR

Today there are trends towards aging of the global population. According to WHO data [1]
by 2030 every sixth person will be over 60 years old, in this regard the UN General Assembly
declared 2021-2030 the UN Decade of Healthy Aging, the goal of which is to reduce health
inequalities and improve the lives of older people age and their families. To effectively assess the
state of health of a person, or a separate internal system, the indicator of biological age (BA) is
used. This indicator may differ from the calendar age (CA), which corresponds to the time a person
has lived.

The purpose of the study is to review the methods of determining biological age.

There are several approaches to solving the problem of estimating a person's biological age.
The simplest and most basic method is the multiple linear regression (MLR) method, which is the
easiest to apply to a data set with a small number of parameters, and has a structure of the form
1) [2].

BAi = bO + Z;Tl:l bjxﬂ (1),
where:
bo, bi — regression coefficients,
BA — biological age,
X — biomarker,
m — number of biomarkers.

The method of principal components (principal component analysis, PCA) is currently used
less often due to the availability of more effective methods, but still quite popular in research in
Asian countries, has the structure of (2) [2].

BAS = a; X] + a,X53+... +a, X;, (2),
where:
BAS — score of calculated biological age,
X’ — standardized biomarker,
an — score coefficient of biomarker.

But considering that the score of biological age does not show years, it is reduced to the

desired biological age as follows (3).
BA = BAS X SD;4 + MEAN,4 ),

where:
SDca — variance of chronological age of subjects,
MEANca — mean chronological age of subjects,
BA — biological age,
BAS — score of estimated biological age.
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Klemera and Doubal's method (KDM) is an improvement of MLR and is widely used to
solve the problem of BA estimation. The main description of the method is formula (4) [2].

BA = CA + Rps(0; S54) 4),
where:
BA — biological age,
CA —chronological age,
Rp4(0; S2,) — random variable with mean 0 and variance S3,.

Deep learning methods are quite effective for calculating biological age [6], as they allow
processing large data sets. The following neural network architectures are most popular:

» Deep neural networks DNNSs are artificial neural networks consisting of an input layer, a
certain number of hidden layers that extract features of the object, and a layer of output neurons
with work results [4].

« Convolutional neural networks (CNNs) are a class of forward propagation deep neural
networks used for image analysis. CNNs consist of input and output layers and several hidden
layers. In contrast to other types, the hidden layers of CNN are specialized and consist of
convolutional layers, aggregation layers, fully connected layers, and normalization layers.

 Recursive neural networks (RNNs) are used to analyze sequential data that is dynamic in
time, for example, a video or audio recording. Unlike others, RNNs can use their internal memory
to process random sequences of inputs.

In addition to the method of determining the dependence of BA on biomarkers, the sets of
biomarkers themselves are also important, since certain biomarkers allow more accurate and
efficient assessment of human BA. Such sets are called epigenetic clocks. One of the most well-
known clocks is the Horvath Clock, which gives fairly accurate estimates of BA (median error of
about 3.6 years), but is very expensive and consists of 353 biomarkers. The selection of a set of
biomarkers and external factors is an important task for an effective solution to the problem of BA
assessment [5].

The method of collecting the biomarker set is also important, as the accuracy of the
information in the set can affect the results. For example, if data collection is carried out using a
questionnaire, then according to the study [3], the error of determining BA will be 8.3 years when
using the Bayesian method, which is quite a good result for such a simple method. In this study,
the authors proposed 15 signs of somatic aging, 12 signs of psychological aging, and 10 objective
indicators of aging. The formula derived by the authors has the following form (5).

BA =0.2) DC + 42.0 (5),
where:
BA — biological age,
DC — aging indicators.

Therefore, it becomes possible to expand the dataset with a large number of records and take
into account a wider range of these data.

Conclusions: To date, many methods have been developed for calculating BA. In addition
to the methodological base in the form of various mathematical models, modern technological
solutions in the form of various neural networks come to help in determining BA in systems with
a large number of indicators. Neural networks of various types account for a large share of
solutions to the problems of establishing BA with an uncertain influence of indicators on the result
and in problems with a long-lasting process that has an impact on human health. The reviewed
methods show different effectiveness depending on the dataset and the conditions of the problem
to which they are applied, the ratio of the spent efforts and resources to the accuracy of the results
remains important.
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