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Abstract

Biological, environmental, and social causes all play a role in the
aging process that most people go through. However, these causes
interact with other factors, collectively contributing to physical and
psychological decline. This article will explore these dynamics
through the lens of the distinction between chronological
aging—measured in years—and biological aging, which is shaped by
physical changes and cognitive-functional interactions. It will focus
particularly on the role of telomeres (the ends of DNA strands, which
serve as markers of cellular activity) and mitochondria in determining

the rate of cellular deterioration. The article will also address the
question: To what extent do these genetic factors—compared to
environmental influences and lifestyle patterns—contribute to either

accelerating or slowing down the aging process?

Introduction

Aging, or senescence, is an inevitable part of the
human life cycle, though its pattern varies among
individuals. Some elderly maintain psychometric
functions and vital signs, while others experience
declines in physical and mental abilities, affecting
quality of life. This disparity raises questions about
the causes of variation in aging.

There is a scientific need to investigate aging
determinants systematically, especially in an era
of complexity and interconnection. Multiple factors
influence aging measurement: psychological,
genetic, social, and cultural. The scientific
community must distinguish genetically fixed

from environmentally variable factors to develop
strategies supporting elderly lives.

Cognitive Determinants of Aging

Psychological, social, and cultural factors influence
chronological and cognitive aging, requiring
multifactorial analysis. Blake’s (1999) research
shows how societal changes reshape aging
attitudes. Aging has two dimensions: chronological
age (time from birth) and biological age (genetic
function, physical health, emotional stability).
Aging theories vary: demographic theories analyze
population structure; programmed aging theories
propose hormonal lifespan mechanisms; damage
accumulation theories, including the “wear

and tear” model, attribute aging to genetic and
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biological dysfunction. Mitochondrial dysfunction
research has influenced contemporary aging
scholarship, transforming traditional frameworks.
Figure 1 illustrates the variations in brain activity
between youth and old age, presented through
four distinct imaging perspectives.

Figure 1: Differences in Brain Activity Related to Aging:
Image (a) shows a brain with reduced neural activity, while
image (b) shows increased neural activity in multiple areas.
These differences indicate the impact of aging on cognitive
decline and neural functions.

Recent research has shown a clear convergence
among these theories, revealing that aging is a
multifaceted phenomenon influenced by a variety
of genetic, environmental, and cultural factors.
This overlap in knowledge indicates that no

two individuals age at the same rate, much like
fingerprints or personality traits.
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Figure 2: Cellular Changes Between Youth and Aging:
The image on the left shows healthy cellular tissue in
young individuals, while the image on the right highlights
the effects of aging, such as stem cell depletion, cellular
senescence, inflammation, and genetic (mosaic) changes
that may lead to tumors.

Biological and Environmental Determinants of
Aging

Aging manifests through several key indicators:
wrinkles, reduced physical capacity, prolonged
recovery periods, and bone deterioration. While
lifestyle variations exist among individuals, certain
factors consistently accelerate the aging process,
including smoking, inadequate nutrition, and
sedentary behavior.

Normal aging involves predictable cognitive
changes, whereas severe memory impairments
typically signal pathological conditions such

as dementia. This distinction has prompted
researchers to investigate methods for slowing or
potentially reversing age-related decline.

Genetic factors significantly influence both the
rate and characteristics of aging. Specific genes
contribute to longevity, while others predispose
individuals to age-related diseases. This genetic
component explains why families with exceptional
longevity often share heritable traits that promote
healthy aging. Figures (2) and (3) provide detailed
illustrations of cellular changes and telomere
function, respectively.

Current research focuses on developing senolytic
therapies—treatments designed to eliminate
senescent cells. These interventions, currently in
animal testing phases, show promise for delaying
age-related diseases and enhancing overall health
outcomes.

Environmental factors include the effects of diet,
physical activity, and exposure to pollution in
stimulating signs of aging. Fruits, vegetables,
and anti-inflammatory compounds—such as
omega-3 fatty acids—are among the factors
that protect cells from damage and slow down
aging. Accordingly, physical activity is one of
the most effective physical methods to combat
signs of aging, as it promotes cardiovascular
health, strengthens muscles and bones, improves
cognitive performance, and reduces stress.
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Type and Its Impact on Aging

Research on population aging shows notable

differences between men and women in

senescence indicators and expressions, shaped by
both biological and societal elements. Population
statistics indicate that women typically live longer

than men but show increased vulnerability to
conditions like osteoporosis and Alzheimer’s

disease. In contrast, men have higher risks of
developing heart disease and other age-related
illnesses. Brain alterations linked to aging, which
are referenced in diagrams (e.g., Figure 4), might
illustrate and help explain the biological basis of
these sex-specific health issues, contributing to a
clearer understanding of why diseases affect them

differently.

Alongside these biological factors, societal

influences, studied within population sociology and
through qualitative population data, significantly
impact how people age. Manifestations of aging
vary greatly among different ethnic groups, shaped

by diverse cultural frameworks and attitudes

toward older adults. Some cultures emphasize

and protect seniors’ rights, while others may not
afford similar recognition or support. This variation
underscores the urgent need for the scientific
community to develop a comprehensive health plan
that integrates cultural, societal, and psychological
factors to effectively address the complex and

multifaceted nature of aging across diverse
populations.

Socioeconomic status clearly influences the aging

process; individuals with higher education and
income tend to age more slowly, while those in
lower economic situations often face chronic stress,
poor nutrition, and limited healthcare access,

which speed up their biological aging. Therefore,
addressing these disparities is crucial for promoting
healthy aging across all segments of society.
Psychological factors also contribute to faster aging
through mental health issues and chronic stress,
which increase cortisol levels and cause damage
to cells and tissues. To reduce this effect, stress
management technigues like meditation, building
social connections, and providing psychological
and social support are recommended.

Conclusion:

Through this presentation, which explained

the determinants of aging and discussed its
manifestations, it becomes clear that genetic
factors alone do not determine aging. Rather,

there are other, more complex factors at play

in an ever-changing and increasingly complex
world. Nevertheless, other questions remain

under investigation, such as the extent to which
biotechnology can slow aging and other global
inquiries awaiting scientific answers in the coming
days, particularly regarding targeted treatments
like senolytics. Ultimately, aging cannot be avoided,
but we can influence its course through conscious
choices that support physical and mental health.
Thus, the concept of aging transforms from an
inevitable pathological stage into an opportunity for
a longer life built on solid scientific foundations and
sustainable health strategies.
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Figure 4: lllustrates the
k¢ progression from healthy
neurons to various stages
of neurodegeneration and
e SRS Sl cellular interactions within the
brain.
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