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Measures of physical capability, that is, a person’s ability to perform the physical tasks of everyday living, are useful markers of current and future 
health. Poor performance in tests of grip strength, walking speed, chair rise time and standing balance, and so on, are associated with higher mortality 
rates. In addition, lower levels of physical capability are associated with higher risk of cardiovascular disease (CVD), dementia, institutionalisation and 
difficulties performing activities of daily living (ADLs). Locomotor function, strength, balance and dexterity, are considered to capture underlying 
functions that are used most commonly as objective measures of physical capability in longitudinal studies.

Objective, standardised tests of physical capability have been developed and are used increasingly in population-based studies. These objective 
measures complement self-reports, improve validity and reproducibility, capture change over time, and may reduce the influence of cognitive function, 
culture, language and education that can affect self-reported assessments and so limit comparability across studies. From the perspective of healthy 
ageing, these objective tests have two key advantages. Firstly they enable the study of variation in functioning across the full spectrum. Secondly, they 
facilitate identification of those people performing best who cannot be distinguished by self-reported measures which aim to identify people who have 
difficulty in performing the tasks of everyday living.

There is considerable variability in the protocols of assessment for these measures, but attempts at standardisation across studies are now being 
made through initiatives such as the NIH toolbox [intro]. All tests of physical capability are relatively quick, easy and inexpensive to perform with only 
grip strength and the pegboard test requiring special instruments. An exception is the use of an accelerometer to measure swaying during balance 
tests which is recommended by the NIH toolbox. There is strong evidence supporting the validity and reliability of these measures.

However, all the physical capability tests have exclusion criteria and an important consideration, not well addressed in the literature, is how to handle 
the increasing proportion of people unable to perform these tests at older ages. Grip strength is the most comprehensively studied physical capability 
test. Longitudinal studies show that grip strength peaks in the late thirties for both sexes, while longitudinal and cross-sectional studies show declines 
in both sexes from the fifties and sixties. At all ages, grip strength is higher in men than women and there is some evidence for faster decline in men 
than in women.

Biomarkers of Physical Function Domain Overview
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Biomarkers of Physical Function Domain Overview
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Evidence for age-related change in other measures of physical capability is more limited 
because it is restricted largely to cross-sectional data from relatively small studies. 
However this limited evidence is consistent in suggesting that physical capabilities decline 
progressively in later life and that men perform better than women at all ages.

A systematic review has shown that weaker grip strength, slower walking speed, longer 
chair rise time and poorer standing balance performance are associated with higher 
mortality rates, independent of age in older community-dwelling populations. 
Meta-analyses of data from several American studies of older people have also revealed 
a strong association between slower walking speed and higher mortality rates. More 
recent studies indicate that, in addition to grip strength and walking speed, standing 
balance and chair rise speed in middle age predict mortality rates over 13 years of 
follow-up.

In another recent systematic review, weaker grip strength was found to be associated with 
functional decline as assessed by self-reported difficulties performing activities of daily 
living (ADLs). Three other systematic reviews evaluating risk for subsequent disability 
(assessed using ADLs) showed that older adults performing poorly in tests of physical 
capability are more likely to become disabled. There is also some evidence that poorer 
performance in grip strength, walking speed, chair rise times and standing balance, is 
associated with higher risk for cardiovascular disease (CVD), dementia and 
institutionalisation (as a marker of loss of independence), but none of these associations 
has been studied sufficiently often to allow definitive conclusions to be drawn.

Biomarkers of Physical Function Domain Overview
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Recent work suggests that there is added value, for the prediction of mortality, in 
assessing different measures of physical capability in midlife. However, there is 
currently insufficient evidence, from the perspective of studying healthy aging, to 
establish the added value of assessing any one additional specific measure, if 
other measures have been assessed already, to recommend an order of priority 
for these measures or to define with confidence the minimum number of 
measures that should be made across the full range of older ages and for 
different research questions. Some studies consider each measure of physical 
capability separately, and some have used a set of tests of several aspects of 
physical capability interpreted as a total performance score, such as the short 
physical performance battery (SPPB) or the index of physical fitness age. Further 
work should establish whether deriving an overall score of physical capability is 
of greater predictive value than considering each measure separately and the 
most appropriate approach is likely to depend on the specific research question 
being addressed.

There is a need for more studies with longitudinal data on change in physical 
capability, and a need to assess physical capability in relation to other positive 
aspects of health, such as quality of life, that may be important criteria for 
healthy aging. Significant variability in the protocols used to assess any one 
measure of physical capability makes comparisons between, and combination 
of findings from, different studies difficult. In addition, few studies have 
compared formally the different measures of physical capability and, as with 
measures of cognitive function, performance in any one measure of physical 
capability is likely to be correlated with performance in other such measures.

Weaknesses in the Physical Function Biomarker Domain
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Weaknesses in the Physical Function Biomarker Domain
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There is also a need for larger longitudinal 
studies in which these age-related patterns, as 
well as variations in within-individual changes 
over time, can be investigated further. Declines 
in mean levels of physical capability at the 
population level hide substantial inter-individual 
variation in rate of decline. For example, being 
able to identify people who maintain, or improve, 
their physical capability despite increasing age 
will be important when studying healthy aging. 
More research is also needed on the utility of 
some measures such as dexterity performance 
in the pegboard test (dexterity), which has been 
understudied; this in addition to the 
aforementioned dearth of evidence on the 
associations of physical capability with 
measures of positive aspects of health that may 
be important criteria for healthy aging.

Aging Analytics Agency 113



Complex molecular changes affecting the structure and function of most cells, tissues and organ systems are a hallmark of aging, and changes in their 
function can be detected by the third or fourth decades of life. Such loss may translate, eventually, into metabolic dysregulation leading to the 
development of early signs of pre-disease which, if not identified and managed, will result eventually in functional loss, chronic disease and finally 
death. A well-recognised example is age-related loss of skeletal muscle mass and strength potentially leading to sarcopenia. However, subtle changes 
in the function of most organs can occur by the third or fourth decades of life.

This domain includes biomarkers of lung function, body composition (including bone mass and skeletal muscle), cardiovascular (CV) function and 
glucose metabolism.

Body mass and body composition. Aging is associated with body composition changes including increased body fat, reduced muscle mass and, with 
exception of the heart, reduced organ mass. Greater abdominal adiposity is a risk factor for aging and for age-related diseases with the lowest 
mortality risk for those with waist circumferences (WC) below 94 and 77 cm for men and women, respectively. The relative risk (RR) of mortality is 
doubled for those with WCs above 132 and 116 cm in men and women, respectively.

Body mass index (BMI) is a useful measure of overall adiposity, since each 5 kg/m2 Increase in BMI is associated with 30% higher overall mortality, 40% 
higher vascular mortality, 60–120% higher diabetic, renal, and hepatic mortality. High BMI, independent of gender and other confounding factors, is a 
risk factor for cognitive decline. In addition, weight gain in middle age is associated with substantially reduced likelihood of healthy survival after age 
70 years in women.

Muscle mass can be assessed using CT, magnetic resonance imaging (MRI), DXA, bioimpedance analysis (BIA), and body potassium. Evidence shows 
that muscle mass, such as leg muscle mass, declines with age. Cross sectional and prospective studies that have examined the relationship between 
regional muscle mass per se and health outcomes have reported that low skeletal muscle index (skeletal muscle mass/body mass percent) is 
associated with increased likelihood of functional impairment and disability. Recent developments from the FNIH Sarcopenia Project may help to 
establish universal cut-points for low muscle mass and weakness.

Biomarkers of Physiology Domain Overview
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Cardiovascular function
Aging of the cardiovascular system is associated with aging of both cardiac muscle and the vascular wall. Although there are many inflammation and 
haemostasis-related biomarkers of cardiovascular function. Biomarkers of cardiovascular diseases remain the strongest biomarkers of aging. 
Systematic reviews and meta-analyses provide strong evidence that blood pressure (BP), lipid profile (including total cholesterol, low- and high-density 
lipoprotein cholesterol, and triglycerides concentrations) are predictors of morbidity and mortality. A difference of 20 mmHg in systolic BP (or 10 
mmHg in diastolic BP) is associated with > two fold difference in death from several vascular causes. High BP in midlife is associated with lower 
cognitive function in later life. Among the components of the Metabolic Syndrome, high-BP and impaired fasting glucose are significant predictors of 
greater CV-morbidity and mortality. There is a lack of evidence on the age-related changes in most cardiovascular biomarkers but, using data from eight 
UK cohorts, a recent study evaluated the life course trajectories in BP and confirmed age-related changes in BP, independent of BMI. Systolic increased 
from childhood, with a markedly midlife acceleration beginning at 40 years of age, and deceleration and reversion of these increases in late adulthood.

Lung function
From age 25, lung function assessed through forced expiratory volume (FEV1; the most common measure documented in epidemiologic studies) 
declines at approximately 32ml/year in men and 25 ml/year in women. Numerous population studies have documented an inverse association 
between FEV1 and aging-related endpoints including future total and cardiovascular mortality, cognitive function and fractures.

Bone health
Bone mass declines with age in both men and women although whether the decline is greater in women is debated. Techniques for measuring bone 
mass include dual x-ray absorptiometry (DXA), broadband ultrasound attenuation (BUA), and quantitative computed tomography (CT) and both site 
specific (hip or spine) DXA and heel BUA have been used extensively in epidemiologic studies. The bone mass or density (measured by DXA or BUA) 
predicts future fracture risk as well as mortality and other age-relevant health outcomes. BUA is an attractive alternative to DXA given its portability, 
lower cost, and no exposure to ionising radiation. A recent meta-analysis showed that BUA predicted fracture risk similarly to DXA.

Biomarkers of Physiology Domain Overview
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Glucose metabolism
Aging is associated with alterations in 
several aspects of glucose metabolism, 
including insulin receptors and glucose 
transporters, leading to decreased 
glucose oxidation and increased liver 
gluconeogenesis

Biomarkers of dysregulated glucose 
metabolism including fasting blood 
glucose concentration and glycated 
haemoglobin (HbA1C) (an indicator of 
long-term average blood glucose 
concentration), are associated with age 
and predict future cardiovascular events 
and mortality, cognitive impairment and 
dementia in non-diabetics. A difference of 
1% in HbA1C levels is associated with a 
20% and 26% difference in risk of 
coronary heart disease (CHD) and total 
mortality, respectively. Favourable 
glucose metabolism has been identified 
as a central factor for familial longevity.

Biomarkers of Physiology Domain Overview
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Favourable glucose metabolism has been identified as a central factor for familial longevity.
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Non-invasive class of visual photographic biomarkers of aging.  

Simple and accurate predictor of chronological age using just the anonymized images of eye corners called the PhotoAgeClock.  It is a Deep-learning 
network that uses photographs of eye corners from facial images to predict human chronological age referred to as the PhotoAgeClock. 
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aging. 2018, Face-Aging Selfies Help Modify

Morphological biomarkers: Overview

By making use of the current advances in deep learning and 
computer vision, it is possible to achieve very high quality age 
estimations based only on the information from a small facial 
region (the eye and the skin area around the eye).



Psychological and Subjective Age Biomarkers: PsychoAge and SubjAge

Deep learning predictors trained on social and behavioral data 
from Midlife in the United States (MIDUS) study: (a) PsychoAge, 
which predicts chronological age, and (b) SubjAge, which 
describes personal aging rate perception. Using 50 distinct 
features from the MIDUS dataset these models have achieved a 
mean absolute error of 6.7 years for chronological age and 7.3 
years for subjective age. PsychoAge and SubjAge are predictive of 
all-cause mortality risk, with SubjAge being a more significant risk 
factor. 

Both clocks contain actionable features that can be modified 
using social and behavioral interventions, which enables a variety 
of aging-related psychology experiment designs. 

The features used in these clocks are interpretable by human 
experts and may prove to be useful in shifting personal perception 
of aging towards a mindset that promotes productive and healthy 
behaviours.
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Emerging biomarkers, for example fibrinogen, 
plasma cystatin C and brain natriuretic peptide, 
have been associated with increased risk of CV 
events and mortality, but it is uncertain if these 
offer advantages over well-established 
biomarkers. More research is needed on 
whether monitoring biomarkers over longer 
time periods, for example glucose 
concentration and ambulatory BP over 24 
hours, or in response to a challenge, improves 
their predictive value.

The long-established age-related physiological 
biomarkers are usually measured at single 
points in time and it has been suggested that 
monitoring some of these biomarkers over 
longer time periods, e.g. glucose concentration 
and ambulatory blood pressure over 24h, may 
improve their predictive value but this needs to 
be tested in appropriate prospective cohort 
studies. The lack of evidence on the age-related 
changes of biomarkers could be addressed by 
mathematical modelling of longitudinal data.

Weaknesses in the Physiology Biomarker Domain

From Continuous Glucose Monitoring (CGM) to cutting-edge insulin pumps, diabetes technology has come 
a long way. Health devices are becoming progressively less to non-invasive, and offer more options so that 
you can find what works best for you. CGM is an advanced way to check glucose readings in real-time or 
monitor glucose readings over indefinite periods of time. The CGM system works through a sensor placed 
in contact with your skin. It transmits readings to a recording device that could sounds an alarm if your 
blood sugar gets too high or low.
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Psychological and Subjective Age Biomarkers: PsychoAge and SubjAge
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Source: A. Zhavoronkov, K. Kochetov, P. Diamandis, M. Mitina. PsychoAge and SubjAge: 
development of deep markers of psychological and subjective age using artificial intelligence. 2020Aging Analytics Agency
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Morphological Biomarkers: SWOT Analysis
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Sources: VentureBeat, Bobrov et al. PhotoAgeClock: deep learning algorithms for development of non-invasive visual biomarkers of aging. 2018, Xian 
Xia et al. Three-dimensional facial-image analysis. 2020, Alex Zhavoronkov, Polina Mamoshina. Deep Aging Clocks. 2019
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Opportunities Threats

WeaknessesStrengths

● Limitations of technology (e.g. smartphone processors and cameras)
● Mostly, not directly reflective of biochemical state, genetic risks and other 

internal factors on the cellular and biochemical level.

● 3D facial images are used to predict age with mean deviation of +3.6 - 6 years.
● Non invasive approach. 
● Photographic imaging, a highly accessible and prevalent data type used in AI 

applications.

● Photographs are also among the most abundant data types, and results can be 
validated and interpreted instantaneously by human experts, making images 
ideal for proof-of-concept experiments.

● Highly scalable technologies, possibility for high-throughput application across 
a wide range of geographies.

● The true biomarker of aging needs to show the association with morbidity or 
mortality, and this analysis requires experiments on retrospective data.

● Privacy concerns and legal concerns associated with video/photo recording 
and using such. 
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https://venturebeat.com/2019/11/21/snapchats-time-machine-lens-uses-ai-to-age-and-de-age-selfies/
https://venturebeat.com/2019/11/21/snapchats-time-machine-lens-uses-ai-to-age-and-de-age-selfies/


Morphological Biomarkers: TRL Analysis

TRL average = 6.52
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Morphological Biomarkers: Commercial Examples

DEEP LONGEVITY (Hong Kong): Deep Longevity is developing explainable artificial intelligence systems to track the rate of 
aging at the molecular, cellular, tissue, organ, system, physiological, and psychological levels. It is also developing systems 
for the emerging field of longevity medicine enabling physicians to make better decisions on the interventions that may 
slow down, or reverse the aging processes. Products/Services: Deep Longevity developed Longevity as a Service (LaaS)© 
solution to integrate multiple deep biomarkers of aging dubbed “deep aging clocks” to provide a universal multifactorial 
measure of human biological age.

HAUTAI (Estonia): Develops B2B software with AI under the hood for skincare and pharma industries. Products/Services: 
PhotoAge Clock, AI-powered SaaS platform, AI platform. Healthcare-Ready.

QUIBIM S.L. (Spain): QUIBIM is a medtech company specialized in Artificial Intelligence and image processing technologies 
applied to the development of imaging biomarkers in the medical imaging field. The company has a proprietary software 
platform QUIBIM Precision® and AI algorithms for quantitative imaging biomarkers used by hospitals, pharmaceutical 
companies and R&D centres. QUIBIM Precision® image analysis platform has received CE Mark certification as a Class IIa 
Medical Device, including its imaging biomarker analysis algorithms, the zero footprint DICOM viewer and its platform 
hosting these components and medical imaging data. Products/Services: AI Platform Approved for Clinical Use, Clinical 
practice, Artificial Intelligence, Biotechnology, Clinical Trials, Health Care, Health Diagnostics, Hospital, Pharmaceutical.

YOUTH LABORATORIES (Hong Kong): Youth Laboratories develops algorithms for images analysis and implement them 
into mobile applications. The algorithms utilize Machine-Learning and Deep-Learning methods, big data analytics, and latest 
research in biology to extract facial traits from selfies. The first product, RYNKL, allows track facial wrinkles and evaluates 
the effect of anti-aging treatments through making selfies. Youth Laboratories organizes the first beauty contest judged by 
Artificial Intelligence - Beauty.AI 1.0. They develop algorithms that help detect visual biomarkers of diseases, evaluate 
beauty and perception of visual appeal. Their goal is to extend human longevity and fight aging, find treatments that will 
help our customers stay young and healthy for as long as possible. Products/Services: Beauty.AI 2.0, AI Platform pilot, 
Artificial Intelligence, Beauty, Bioinformatics, Cosmetics, Health Care, Information Technology, mHealth, Personal Health.
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https://haut.ai/#about
http://www.quibim.com
http://beauty.ai/
http://rynkl.com/Youth


Physiological  Biomarkers of Ageing

Physical  Biomarkers of Ageing

Publication Index (Ratio between Aging/Longevity 
Biomarkers and Total Publications)
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Morphological Biomarkers: Publication Overview


