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Aging process potentially drives numerous diseases
development' and manifests great heterogeneity among
individuals. Thus, monitoring and quantifying aging
rate is a fundamental question. Scientists have con-
structed a variety of aging clocks by machine learning to
predict chronological age. The residue between predic-
tion and chronological age followed by regressing out
age effects is taken as the biological aging rate. DNA
methylation clocks? are the mostly widely recognized
aging clocks. However, bio-sample collection and high-
throughput sequencing are often invasive, time-
consuming and expensive, which may hinder the
translational application of aging clocks. What's more,
the relatively small sample size of omics-based aging
clocks may affect the model generalization and limits
the application of powerful deep learning methods.

To tackle the above problems, we have built facial
aging clocks by support vector regression (SVR)* and
deep convolutional neuron networks (CNN)* with
MAD as 6.0 and 2.8 years respectively. Aging rate
derived from facial aging clock shows significant cor-
relation with transcriptome and identifies molecular
mediators of lifestyles. These indicate that facial aging
clock can accurately capture the biological age and
detect associated molecular patterns. In addition, facial
aging clock trained on perceived age creatively avoids
the dilemma of taking model error as the true aging
rate. Age based on only face appearance estimated by
human judges are defined as perceived age and have
been shown to be a biological age of the face. As
perceived age trained facial aging clocks are actually
trained on biological age instead of age, it is not sur-
prising that such a clock is more associated with health
indicators than chronological age train models. Such a
clock can also reflect how humans judge other people’s
age.

Studies have shown that numerous diseases asso-
ciate with aging rate. DNA methylation aging clock ac-
celeration is observed in diseases like tumors,” combat
PTSD, and even can reflect mortality risk.” Facial aging
clock acceleration is also observed for systemic inflam-
mation, high blood cholesterol and wuric acid.**
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Convenient data acquisition and processing, and high
accuracy confer promising translational potential of
facial aging clocks. Single cell RNA-seq clock can be
accelerated by 10-20 years in CoVID and lupus, and
decelerated by decades in super centenarians.® Unlike
other omics aging clocks, facial aging clock is suitable to
clinical scenarios. Facial images taking and biological
age prediction takes only several minutes, thus well fit to
daily monitoring of aging rate. Except common clinical
evaluation markers of diseases, aging rate dynamics of
patients as a novel biomarker can provide doctors eval-
uation of quantitative patients aging status and objective
evaluation of therapies. As aging acceleration often re-
flects disease risk and progression, facial aging clock
application may help doctors to optimize drugs and
therapies, thus a better prognosis. Accelerated aging
may indicate future risk of some diseases, can thus
guide people to alter their lifestyles. Another application
scenario may be for clinicians to monitor patients health
management and relieving clinicians from overloaded
routine monitoring. Overall, we envision the non-
Invasive and low-cost facial aging clock and even dis-
ease risk assessment to be affordable and practical ap-
plications under many clinical scenarios, as the
workflow shown in Fig. 1.

Furthermore, application of facial aging clocks is not
restricted to only hospitals. Facial aging clock can be
utilized for evaluating daily anti-aging interventions like
calorie restriction, metformin and personalized thera-
pies. If this clock is integrated to smart phones in the
soon future, daily monitoring of aging is available to all
people under any situations. We believe that facial aging
clock will prompt people to get accustomed to moni-
toring aging for optimum health. From the public
health perspective, monitoring aging by facial aging
clocks can prevent or suspend diseases progression, and
ease the economical and clinical pressure.

Additionally, some diseases seem to be linked with
face morphology. Various diseases may be manifested
through alterations in facial features, such as in the case
of Down syndrome.’ Facial appearance has been used as
a diagnostic tool to facilitate early detection. Deep
learning-based analysis of facial images has shown high
accuracy in genetic disorders.' This implicates that pre-
diagnosis and risk assessment of certain diseases are
clinically practical based on facial images. With the
advance in artificial intelligence and cohort data accu-
mulation, we expect that a plethora of facial models will
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Fig. 1: Workflow of building and applying facial aging clocks.

emerge and assist doctors to prevent, diagnose and
manage aging and diseases in the near future.

However, there exist some limitations on clinical
application of facial aging clocks. The effect of
geographical differences on faces may introduce con-
founding factors. Facial appearance exhibits notable
variations across different regions worldwide. Recent
study of 3D facial images has further revealed signifi-
cant disparities in facial morphology between East Asian
and European populations.'' Environmental and lifestyle
factors also influence facial development.'”? Moreover,
while deep learning-based facial image analysis holds
promise for future clinical applications, it is important
to acknowledge that facial changes associated with
certain diseases can be subtle and may overlap with
normal variations or non-disease-related factors. Finally,
many diseases exhibit diverse manifestations. To
enhance the accuracy and reliability of disease identifi-
cation, it is crucial to adopt a comprehensive approach
that integrates multiple diagnostic factors, including
medical history, physical examinations and medical
tests.
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