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ABSTRACT

Aging is a multifactorial process, which affects the human body on every level and results in both biological and
psychological changes. Multiple studies have demonstrated that a lower subjective age is associated with better
mental and physical health, cognitive functions, well-being and satisfaction with life. In this work we propose a list
of non-modifiable and modifiable factors that may possibly be influenced by subjective age and its changes across
an individual’s lifespan. These factors can be used for a future development of individual psychological aging clocks,
which may be utilized as a sensitive measure for health status and overall life satisfaction. Furthermore, recent
progress in artificial intelligence and biomarkers of biological aging have enabled scientists to discover and evaluate
the efficacy of potential aging- and disease-modifying drugs and interventions. We propose that biomarkers of
psychological age, which are just as important as those for biological age, may likewise be used for these purposes.
Indeed, these two types of markers complement one another. We foresee the development of a broad range of
parametric and deep psychological and biopsychological aging clocks, which may have implications for drug
development and therapeutic interventions, and thus healthcare and other industries.

INTRODUCTION

Like many other species, humans have a shorter
lifespan in the absence of medical interventions [1].
Since the dawn of the 20th century, life expectancy in
developed countries has been steadily increasing
primarily due to the decreases in child mortality but also
due to the many advances in biotechnology and
medicine [2]. Humans have had to adjust to this
increase both as a society and at an individual level.
Increasing life expectancy has led to substantial
variability in the perception of age, as individuals may
perceive themselves and others as substantially younger
or older than their chronological age. The perception of
subjective age may have profound effects on behavior
and well-being, and is connected to an individual’s
lifespan [3]. The socioemotional selectivity theory
developed by Laura L. Carstensen at Stanford
University, maintains that “the perception of time plays

a fundamental role in the selection and pursuit of social
goals” [4]. An extended perception of time may lead to
knowledge-based motivations and choices. Conversely,
when the perception of time is limited, a person may be
motivated to preferentially make emotion-based
decisions [5]. This theory and associated studies have
highlighted the importance of the psychology of aging
as a field and laid the foundation for studies of
psychological and psychophysiological aging markers.
While substantial progress has been made in identifying
biomarkers of human biological aging, psychological
aging is still poorly understood. There is a need for
reliable tools for measuring and analyzing psycho-
logical aging, and methods for modulating longevity
expectations and psychological aging states. In this
paper we reflect upon the recent progress in the
development of biomarkers of biological aging. We
further provide a brief overview of the psychology of
aging. We propose that this body of knowledge will lay
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the foundations for the development of next-generation
biomarkers of psychological aging, dubbed psycho-
logical aging clocks, as well as deep multi-modal
biopsychological and psychophysiological biomarkers
of aging.

Numerous studies have demonstrated that molecular
and phenotypic biomarkers may be used as effective
tools for tracking healthy aging (Table 1). Since 2016,
multiple deep biomarkers of aging, identified using
artificial intelligence, have been proposed. These
include blood biochemistry-based clocks [6], trans-
criptomic and proteomic aging clocks [7], epigenetic
aging clocks [8], microbiome aging clocks [9],
photographic aging clocks [10], and many others. These
clocks may be applied very broadly to industries that
are dependent on consumer health and longevity,
including the pharmaceutical and consumer industries
[11-13].

These clocks can be used to assess the value of human
data [14], perform data quality control [15], and many
other applications. Substantial progress has been made
in recent years in the use of artificial intelligence for
drug discovery and biomarker development [16, 17].
Additionally, neuroimaging techniques like magnetic
resonance imaging (MRI) and electroencephalogram
(EEG) may be used in studies of potential biomarkers
for healthy brain aging.

However, as discussed earlier, developing psycho-
logical aging clocks is also of great importance. Unlike
the biological features used in biological aging clocks,
many modifiable psychological aging features are easily
interpretable by individuals and scientific specialists.
Furthermore, methods and protocols developed for
psychological age reversal may be also used in
biological research for biomarker development and
establishing causality. Here we review the history and
state of the art in psychological aging approaches and
provide a perspective on the future of psychophysiology
and the psychology of aging.

The study of psychological aging

When it comes to psychological health, a person's
subjective psychological constructs may be more
valuable than previously thought. Various studies have
examined a number of subjective psychological
concepts to understand psychological aging, including
subjective age, age identity, the aging self, attitudes
toward one’s own aging, self-perceptions of aging, and
satisfaction with aging [29]. Historically, a single
question has been used to formalize the concept of
subjective age: “What age do you feel?” [30, 31] (Table
2). The answer is known as age identity, which is

calculated as the difference between subjective age and
chronological age [32]. Another approach for
determining subjective age involves asking participants
whether they feel psychologically and physically
younger, older, or the same as their chronological age
[33]. Further variations on this approach include asking
participants to match themselves with a specific age
group, such as middle-aged or older, or with a cognitive
age (i.e., feel-age, look-age, do-age, and interest-age
[34]. These classifications require greater implemen-
tation in longitudinal studies. In a recent study by
Veenstra and colleagues [35], an analysis of
longitudinal national survey data showed that a desire to
be younger than one’s chronological age may be
associated with lower life satisfaction and lower
physical activity in the second half of a person’s life.
Thus, enhanced life enjoyment is correlated with higher
age satisfaction. These data raise the question of what
an individual’s ideal age is, which can be interrogated
by the following prompt: “If you could choose your age,
what age would you like to be?” Another measure,
which could be applied in clinical practice are questions
about visual perceived age. This approach defines the
age of participants by the perception of digital photos or
physical appearance. The Longitudinal Study of Aging
Danish Twins demonstrated that perceived age
estimated from photographs could be used as a predictor
of mortality in the volunteers. In our review we employ
the term “perceived age” as related to the subjective
perception of age, as opposed to visual perception [36].

An individual’s perceived age may influence how they
overcome illness and cope with symptoms; for example,
a positive view on life is linked to positive health
outcomes [3]. The authors of this study further
suggested that feeling younger may be an adaptive
strategy in society. However, the link between mental
subjective age and physiology is still not understood.
Westerhof and Wurm proposed a hierarchical model
that linked subjective age, psychological resources, and
health. This model suggested that feeling the same as,
or younger than, one’s chronological age may be
associated with improved health. Alternatively, the
reverse of this model may be true: better health drives a
younger subjective age. In addition, the interoceptive
hypothesis proposed that physical and cognitive
functions decrease with age, a phenomenon that is
related to an individual’s awareness of age-related
changes [37, 38]. Thus, perceiving oneself as
subjectively younger than one’s chronological age may
influence age-related biological changes.

Numerous studies have shown that adults have a
tendency to feel younger than their calendar age, and
this difference increases with calendar age [39, 40]. For
instance, people older than 25 years exhibited a younger
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Table 1. Summary of studies based on chronological and biological age.

Age Description Measures References
Chronological Age Age in calendar years since birth. Government-issued 1D [18]
Biological Age Biological markers related to the state of ~ Molecular (based on DNA, RNA Methylation
biophysiological aging. etc.) [8, 19, 20]
Commonly developed using longitudinal ~ Phenotypic biomarkers of aging Transcriptome
biological data from patients or animals in [7,21]
their healthy state. May be predictive of
mortality, drug responses, or diseases. Biochemistry
[6, 22, 23]
Microbiome
[9, 24, 25]
Photographs
[10]

Reduced representation
bisulfite sequencing

[26]

MRI

[27]

EEG

[28]
Table 2. Summary of studies on psychological age.
Age Description Measures References
Subjective  How does the subject feel relative to her or his Questions to the subject. Examples: [30, 31, 33, 34]
Age chronological age? “What age do you feel?”

Age is usually calculated using a survey of the “Do you feel psychologically and physically
individual. younger, the same or older than your
chronological age?”
How participants relate themselves to a
specific age group such as middle-age or
older
Ideal Age Desire to be younger or older. “If you could choose your age, what age [35]
would you like to be?”

Perceived How does the subject look? Questions about visual perception of the [36]
visual Age subject’s physical appearance.

subjective age [41]. In a series of studies, Weiss and
colleagues also found that when older participants
were  confronted with  negative  age-related
information, they perceived themselves as more
similar to younger, rather than older, individuals and
distanced themselves from their same-age peers [42,
43]. Studies comparing American and German
populations demonstrated that adults felt younger than
their calendar age, although Germans noticed an older

subjective age than Americans [44]. This finding may
show the youth-centeredness of American culture
compared to Europe. Nevertheless, the stereotype
embodiment theory [45] proposes that as adults age,
they may increasingly accept society’s stereotypical
expectations about their functional capacity, which in
turn may influence their actual productivity and
health. Thus, subjective age might depend on the
socio-cultural values in a society.
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Bergland and colleagues [46] demonstrated no
significant differences in subjective age based on
gender. However, the authors reported that men in
multiple age groups (40-49 years, 50-59 years) with
less education felt more youthful than those with more
education. These results are, however, contradicted by
previous studies where an older perceived age was
correlated with fewer years of education [32, 47].
However, Kaufman and Elder [48] demonstrated that
education has no significant influence on the perception
of age. Accordingly, age perception may be associated
with stigmatization regarding a person’s level of
education and certain professional areas.

To address this issue in greater detail, we previously
conducted a survey of the International Employee
Benefits Association with a large, international industry
group [49]. Industry professionals were employed by
consulting, insurance, pension, and other companies.
The surveyed individuals are experts in predicting life
expectancy and mortality trends in the future. The
assumptions for the mortality tables developed by the
actuaries may have profound implications on insurance
companies, governments, and the global economy since
every extra year of an unfunded pension or a medical
plan may result in billions or even trillions of dollars in
liabilities. To our surprise, the longevity expectations of
this group were conservative and did not account for
future breakthroughs in biomedicine. This is notable, as
this group of people is responsible for decisions that
may affect the global economy and society. Thus,
adjusting the psychological age and longevity
expectations of this group of people may have a sub-
stantial positive impact.

Subjective, chronological, and biological age

In a meta-analysis of 19 longitudinal studies, it was
reported that subjective aging has a small but significant
effect on health, health behaviors, and survival [3].
Stephan and colleagues showed an association between
older subjective age and higher systemic inflammation
and obesity [50]. Additional studies by Thyagarajan and
colleagues [51] found decreased albumin concentrations
in participants who felt younger. In contrast, the
researchers observed higher levels of albumin in
volunteers who felt older compared to a reference
group. This study also showed that the prevalence of a
clinically significant rise in liver enzymes, such as
alanine aminotransferase, was significantly lower
among the participants reporting younger subjective
ages. Moreover, the researchers demonstrated that
levels of cystatin C were also reduced among those who
felt younger when compared with the control group. No
correlations between lipids, glucose, or C-reactive
protein (an inflammatory marker) and subjective age

were identified. These results were partly further
confirmed by Stephan and colleagues [52].

Perceived older age was also found to correlate with
certain diseases, such as diabetes [53]. Moreover,
subjective age was related to markers of biological age,
including peak expiratory flow and grip strength [54].
Longitudinal studies have also shown that poor health,
lower physical activity, body mass index, and the
subjective experience of aging may be associated with
cognitive abilities in later life [55].

Neurophysiology and subjective age may also be
connected. For example, elderly individuals that
reported a subjective age similar to or younger than
their actual chronological age exhibited a higher volume
of grey matter in the inferior frontal gyrus and the
superior temporal gyrus; this study also found that
subjective age was a predictor for younger brain age
[37]. However, additional studies related to subjective
age and neurophysiological mechanisms of aging are
still required.

Subjective age and stress

The central nervous system (CNS), the endocrine
system and the immune system are complex and
interconnected. Previous research suggested that
stressful life events may negatively influence aspects of
immune system function [56]. Psychological stress may
increase the production of pro-inflammatory cytokines
that are related to a variety of age-related diseases. For
instance, catecholamines (adrenaline and noradrena-
line), adrenocorticotropic hormone, cortisol, growth
hormone and prolactin are all correlated with distress
and adverse emotions [56]. Furthermore, age-related
diseases may exacerbate the influence of stress or the
effects of medical disabilities on elderly persons.
Moreover, extreme stress early in life may have a long-
lasting influence on the CNS, the endocrine system and
the immune system.

Day-to-day variability in subjective age, such as feeling
older than one’s chronological age, is associated with
health issues and routine stress [57]. Indeed, researchers
have suggested that everyday subjective age doesn’t
vary significantly with time in the absence of other
factors.

Solomon, Helvitz, and Zerach [58] showed that veterans
suffering from post-traumatic stress disorder (PTSD)
exhibited an older subjective age compared to veterans
without PTSD. Furthermore, in a study by Palgi [59], it
was demonstrated that higher levels of post-traumatic
stress symptoms (PTSS) were both linearly and
curvilinearly associated with a possibility of higher
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post-traumatic growth (PTG). PTG is defined as the
positive changes that occur after trauma [60, 61].
Subjective age and perceived distance-to-death
mediated this association in a linear way. Furthermore,
participants who reported younger subjective age and
further distance-to-death exhibited the strongest
association. This was also confirmed in a previous study
[62]; in contrast, the combined experience of feeling
close to death and older subjective age were correlated
with an increased degree of stressful events. Moreover,
the effect of perceived distance-to-death on stress was
softened by a perceived younger age.

In another study, ex-prisoners of war (ex-POWS)
demonstrated a higher subjective age than healthy
participants [63]. Additionally, ex-POWs with PTSD
reported a higher subjective age than ex-POWSs and
volunteers without PTSD. PTSS and health measures
were predictors of subjective age. Strong interactions
between PTSS and health measures suggest that health
only predicts subjective age in the presence of high
PTSS.

These data have been corroborated by Lahav and
colleagues at the molecular level by measuring telomere
length, which suggested that feeling older is associated
with cellular senescence [64]. Telomeres are DNA-
protein complexes that cap chromosomal ends,
promoting chromosomal stability. Telomeres shorten
with age and thus telomere length often serves as a
biomarker of cellular aging. Perceived older age was
related to shorter telomeres, beyond the effect of
chronological age. Variations in perceived age also
mediated connections between depression and shorter
telomeres.

In addition, holocaust survival and PTSD are related to
attitudes toward aging and subjective age [65]. Thus,
these numerous investigations show that subjective age
can be used as a tool for clinical interventions in
traumatized patients and for patients suffering from
depressive episodes. Further investigation will be
required to determine the precise interactions between
these biological and psychological factors.

Subjective age and depression

Depression is one of the most common mental illnesses
worldwide. Depression may include behavioral,
somatic, and cognitive impairments, and a loss of
interest. Furthermore, depression can occur at any point
during a human’s lifespan, and major depressive
episodes (MDE) may relapse. More than half of all
MDE incidents occur in individuals who experience
their first MDE later in life [66]. Depression is linked to
increased cortisol levels, and can thus receive negative

input from the immune system. In addition, patients
with depression may exhibit a perceived state of anxiety
and feelings of fear [67].

Keys and Westerhof [68] have shown a link between
self-perceptions of aging, chronological age, and mental
health. The authors found that younger subjective age
positively impacts mental health, produces a lower risk of
MDE, and results in flourishing mental health (FMH).
Additionally, the desire to be younger was correlated
with a lower incidence of FMH and unrelated to MDE.

In a longitudinal study by Choi and Dinitto [69], an
older perceived age predicted higher depressive
symptoms in the future. However, younger subjective
age did not produce reduced depressive symptoms in a
follow-up study. Furthermore, a longitudinal study of
depression and chronic illness found that older
subjective age can be a risk factor for physical
morbidity and depression in the future [70]. Thus,
psychological states may modulate health (Figure 1).

Subjective age and cognitive functioning

Subjective perception of cognitive dysfunction may be
associated with the early stages of dementia or morbid
changes in the nervous system [37, 71, 72]. Likewise,
younger subjective age is associated with Dbetter
memory functioning [73]. Stephan and colleagues [55]
showed that younger age feelings were associated with
improved cognitive functioning 10 years later, which
were determined by the strength of episodic memory

Stress

Figure 1. The mind-body connection. Biological age and
subjective age are connected with a variety of diseases and may
be directly linked.
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and executive functioning assessments. However, this
study estimated a follow-up in participants without a
baseline. Furthermore, the perception of younger age
was found to be related to personality traits such as
openness, conscientiousness, agreeableness, and extra-
version [74]. In addition to chronological age, older
subjective age was correlated with a higher risk of
dementia in patients over 65 during a four-year period.
The authors of this study noted that this connection was
caused by depressive symptoms [75]. Taken together,
subjective age and cognitive abilities may be associated.

Subjective age and mortality

Stephan and colleagues showed a relationship between
subjective age and the probability of mortality in three
large samples [76]. In this study, participants exhibited
on average a 15% to 16% lower subjective age as
compared to their calendar age. A subjective age of
around 8, 11, and 13 years older in the three samples
was correlated with an 18%, 29%, and 25% higher risk
of mortality, respectively. These results were supported
by a meta-analysis of the three samples. The authors
demonstrated that chronic diseases, lack of physical
activity, and cognitive issues, but not symptoms of
depression, predicted the connection between subjective
age and mortality. The authors concluded that a
correlation exists between an older subjective age and a
higher risk of mortality for adults. It was also reported
that age identity could predict all-cause and
cardiovascular mortality over an eight-year period.
These results indicate that subjective age can be used as
a biopsychosocial marker of aging. People with

perceived older ages may be a potential audience for

Biological
age

Mental Physical Resilience
Productivity Happiness Longevity

psychological interventions to modify well-being and
attitudes toward aging [77].

Subjective age and well-being

Excellent reviews on the topic of subjective well-being
and related terms have been written [78, 79]. In this
review we use the term “well-being” as it relates to
satisfaction with life, positive and negative affect, etc.
[80]. People who feel psychologically younger than
their chronological age are more satisfied with their
lives than those who are psychologically older [81].
Psychologically younger people have more resources,
which are likely to include better mental and physical
health, cognitive abilities, resilience to stress, biological
age, and longevity. Mock and Eibach demonstrated that
perceiving oneself as older predicts lower life
satisfaction, an effect that may depend on aging
attitudes [82]. They further found a relationship
between higher negative affects, lower life satisfaction,
and less advantageous aging attitudes.

There are many factors that influence psychological age
and how it is related to subjective well-being (Figure 2).
Some factors, so called non-modifiable factors, cannot
be easily changed with behavioral modifications or
therapeutic interventions. Non-modifiable factors
include genetic predisposition, parental age, family
members’ age of death, children’s’ age, retirement age,
and average life expectancy in the country. However,
there are many more factors that can be modified to
reduce psychological age. These factors include health
status and disabilities, physical activity, longevity
expectations, education, biomedical knowledge, work,

[ Psychological Age ]

MODIFIABLE EHLD

FACTORS

status and
disabilities

NON-MODIFIABLE
FACTORS

4

Education Physical Longevity Biomedical Social Psychological Personal
activity expectation knowledge relationships support beliefs
Genetic Parental Age
predisposition age of kids

Average life
expectancy in
the country

Age of death
of family
members

Retirement
age

Figure 2. List of modifiable and non-modifiable factors that may influence psychological age.
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environment, psychological support, social relationships,
and personal beliefs. All these factors may affect
psychological age, which in turn may influence overall
satisfaction with life. We propose that these modifiable
factors could be used for the development of
psychological aging clocks, which will require further
study.

Experimental tests of subjective age

Few studies have utilized experimental analyses to test
the theoretical framework of subjective age. Stephan
and colleagues showed that individuals who received
positive feedback while performing a grip task
experienced a younger subjective age compared to a
control group without feedback [83]. In another study,
Kutter-Grugn and Hess demonstrated that stereotypical
negative thinking regarding age may induce older
subjective age states [84]. Future work on psychological
age should employ similar experimental manipulations.

Therefore, we would like to propose a series of
experimental case studies to carry out in the future, in
which some of the modifiable factors described in Figure
2 are manipulated in order to influence psychological
age. First, we suggest that psychological affirmations
could be used as an intervention to modify longevity and
health expectations by 10 years. In a second case study,
we could modulate participants’ responses in an
experimental group by including people younger than
her/him in that same group. Finally, we could design an
experimental workout programme with instructions
stating that the exercises would lead to feeling younger.
This last experimental study was inspired by research
into the placebo effect and rethinking by Alia Crum.
Crum and Langer had an experimental group of hotel
workers believe that their work was actually related to
physical exercise and had a positive effect on health,
whereas a control group of workers at the same hotel
received no such instructions [85]. In this case, the

l

experimental group showed a decrease in weight, blood
pressure, waist-to-hip ratio, and body mass index after 4
weeks.

Trends analysis and grants

A basic search of trends analysis (Figure 3) was
performed using Google Trends (https:/trends.
google.com/) using the keywords “psychological age”
and “biological age”. This analysis demonstrated that,
despite the increasing popularity of biological aging
clocks among scientists, the topic of psychological
aging is substantially less popular among the general
public. Considering the link between subjective aging,
health, and mental state, substantially more resources
should be committed to psychological aging research.
Psychological aging is just as important as biological
aging and requires the development of parametric and
deep psychological aging clocks to track the rate of
psychological aging and to identify effective
interventions to modulate psychological aging.

In addition, an analysis of the funding for psychological
aging studies was performed using the open online
grants search engine PharmaCognitive (http://www.
pharmacognitive.com). This search engine was built
using similar techniques as the International Aging
Research Portfolio (IARP) [86], albeit with a
significantly larger number of data sources and data
types. Using the search query "Psychological Aging"
(Figure 4) revealed that the amount of funding related to
psychological aging research is steadily increasing and
is likely to result in substantial publication activity and
data availability in the coming years. The most popular
topics related to funding are neurobiology of aging,
psychological well-being, cognitive decline, and
Alzheimer’s disease.

There is a substantial research effort directed
towards the development and analysis of A National

'
A il !VJ \*‘/ W ~L

I\ APy e

Jan 1, 2004 Aug 1, 2009

Mar 1, 2015

Figure 3. Interest over time. The blue line demonstrates interest in psychological age, while the red line indicates interest in biological
age. The numbers represent search interest relative to the highest point on the chart over time. The value of 100 is the peak popularity for
the term, while a value of 50 indicates that the term is half as popular. A score of 0 means there was not enough data for the term. Source:

https://trends.google.com./

WWW.aging-us.com 18771

AGING


https://trends.google.com/
https://trends.google.com/
http://www.pharmacognitive.com/
http://www.pharmacognitive.com/
https://trends.google.com./

Longitudinal Study of Health & Well-Being Midlife in
the United States (MIDUS, http://midus.wisc.edu/).
MIDUS includes psycho-social, health, cognitive, and
biomarkers measures, as well as neuroscience data
(MRI, EEG). Research via PharmaCognitive showed
that over 218 grants were awarded with “MIDUS” in
the grant title. The majority of the grants were awarded
by the National Institute on Aging (NIA) for studies
supervised by Doctor Carol Ryff at the University of
Wisconsin Madison, who was identified as the main
Key Opinion Leader (KOL) in the field. In addition,
there were more than 300 publications with “MIDUS”
as a keyword. In addition to MIDUS, similar studies
have been carried out in other countries, such as Midlife
in Japan (MIDJA). The principal aim was to compare
MIDJA with MIDUS to investigate the influence of
psychosocial factors on the health of mid- and later-life
adults in Japan and the United States.

In addition, the Leipzig Study for Mind-Body-Emotion
Interactions (LEMON, http://fcon_1000.projects.nitrc.
org/indi/retro/MPI_LEMON.html) features datasets for
healthy participants from a number of different age
groups [87]. LEMON is a part of the larger Max Planck
Institute Leipzig Mind-Brain-Body database, and contains
psychological and physiological data, including EEG and
MRI measures. There is a similar public resource for data
on aging in America, which has existed since 1900,
called the Health Retirement Study (HRS, https://hrs.isr.
umich.edu/). This study includes data on cognition,
health, psycho-social, biomarkers, and genetic data.
There are more than 5000 publications related to HRS.

DISCUSSION

As indicated in this review, a broad literature suggests
that there is a relationship between age identity and
health, mental states, cognitive functioning, longevity,

and well-being. Increasing human productive longevity
by slowing down or even reversing biological and
psychological aging will help accelerate economic
growth in major developed countries [88, 89]. Subjective
aging is determined by various parameters such as health
changes, personal experiences, social relationships, and
cultural values. Given the strong connection between
aging and general factors of well-being, promoting a
positive attitude towards one’s own aging may be an
important aim for public health efforts and clinics.

Despite numerous studies on subjective age, only a
limited number of related biomarkers have been
examined. For instance, the combined influence of
perceived subjective age, epigenetic factors, and
biological systems, such as the central nervous system,
peripheral system, and immune system, will require
more precise research. A complex approach may shed
light on age-related changes and the risk of future
mental illnesses, which can additionally be associated
with productive functioning.

Multiple studies have demonstrated that lower subjective
age is associated with better mental and physical health,
cognitive functions, and satisfaction with life. The ability
to precisely measure subjective or psychological age and
identify the key modifiable factors, evaluate their
importance, and analyze the correlations between these
factors may help improve the quality of life of patients
and the general population. Future investigations are
needed to further contribute to the understanding of the
practical implementation of such measures. In this review
we also propose a list of non-modifiable and modifiable
factors, which may be influenced by subjective age and
its changes across an individual’s lifespan. We intend to
use these modifiable psychological factors, in
combination with biological factors, as important features
for the development of psychological aging clocks.

Funding by years

160

120
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40
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Figure 4. Funding by years related to the topic of “Psychological Aging”. Source: https://www.pharmacognitive.com/.
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In addition, in order to increase individuals’ resilience
to stress and achieve positive behavioral changes, new
tools for evaluating biopsychological profiles should be
developed. Recent advances in artificial intelligence
allow for the development of multi-modal biomarkers
of aging. However, the majority of these efforts are
focused on biological aging clocks. We speculate that
the development of psychological aging clocks using
deep learning techniques may be just as impactful and
may help validate and improve these deep learning
approaches, as psychological survey, lifestyle, and
behavioral data is usually more interpretable. We
foresee the development of many types of deep
psychological, psychophysiological, and biopsycho-
logical aging clocks using machine learning techniques,
and believe they may one day be used as standard tools
in psychiatry, longevity research, and in a broad range
of applications across many industries.
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