
Blood-Based Biomarkers



Most aging biomarkers measured within blood samples are related to cardiovascular function, glucose metabolism, inflammation, nutritional status, 
endocrinology and simply hematology. As already said, although there are many less well understood inflammation- and hemostasis-related 
biomarkers of cardiovascular function, the classical, widely measured, and well-documented physiological markers of risk of cardiovascular-related 
diseases remain some of the strongest biomarkers of aging: systematic reviews and meta-analyses provide strong evidence that the lipid profile is a 
predictor of morbidity and mortality; but there is a wide margin of error. Approximately 50% of the negatives for cholesterolemia and coronary heart 
disease risk through a conventional lipid profile are false negatives; implementing timely access to advanced lipid testing for the population would 
result in the effective prevention of at least a quarter of the prevalence of cardiovascular diseases, quite possibly much more.

Amongst the best studied aspects of immunosenescence is the age-related increase in inflammatory peptide biomarkers (Interleukins 6, 1β, Tumor 
Necrosis Factor-α and C-Reactive Protein), collectively termed inflammaging. Higher plasma concentrations of inflammatory factors such as IL-6 and 
TNF-α have been associated with lower grip strength and gait speed in older adults, demonstrating the interconnection between immune and functional 
status. CRP has been related to all-cause and specific causes of mortality and IL-6 was found to be a strong predictor of mortality.

Measurement of inflammatory markers has been conducted in centenarians. Centenarians demonstrate fewer signs of inflammaging. Whilst 
inflammatory peptides are either absent or lowered than that evident in younger cohorts, there is a corresponding increase in the levels of 
anti-inflammatory cytokines, such as IL-10. Importantly, much yet is to be understood with respect to the interactions between cytokines, the immune 
system and target organs. It is apparent that these inflammatory markers have many non-classical functions, including the modulation of metabolic 
functions, well beyond the classically described impact on inflammatory function.

Aging is associated with alterations in many aspects of metabolic and hormonal function, including altered expression of cellular insulin receptors and 
glucose transporter units in target tissues. Within these tissues there is corresponding changes in carbohydrate metabolism including decreased 
cellular glucose oxidation. These alterations result in a lowered glucose tolerance as measured by impaired ability to lower blood glucose after a 
standard glucose load. There are several measures of glucose tolerance with the clinically accepted measures for diagnosis of diabetes mellitus being 
the fasting and postprandial blood glucose concentration. Glycated hemoglobin, a measure of usual glucose concentrations over the preceding few 
months, which does not require fasting or a glucose challenge, has also been suggested as a feasible indicator of glucose metabolism.
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Main Predictors of Morbidity in the Lipid Profile

One of the best-known lipid tests is a Cholesterol profile. However, it can not give a reliable risk of a heart attack assessment because there are a lot of 
cases of heart attacks that occur in people whose cholesterol values are seemingly normal. That is why it is better to use an Advanced Lipid Test.

This test augments the standard cholesterol profile with additional measurements and is used as part of a cardiac risk assessment to help identify an 
individual’s risk of heart disease and to help make decisions about a suitable treatment. The results of an Advanced Lipid Test are considered along 
with other risk factors of heart disease such as lifestyle, family health history of a heart attack before the age of 50, family history of elevated 
cholesterol level, obesity, etc.

This blood-based diagnostic tool can help to avoid heart attack and stroke. The test provides a lot more data than routine cholesterol tests and 
expands information about the organism's state. 

The comprehensive information derived from an advanced test enables physicians to more accurately predict their patients’ risk of heart disease, and 
to customize more aggressive, patient-specific treatment plans.

Sources Life Extension 68Aging Analytics Agency

Total 
Cholesterol

LDL 
Cholesterol 

HDL 
Cholesterol 

Triglycerides Non-HDL-C TG to HDL 
ratio

https://www.lifeextension.com/magazine/2007/5/report_vap


Recently it was shown that markers related to red blood cells, more specifically 
hematocrit, hemoglobin and the red blood cell count are associated with 
significantly higher chances of adverse health-status measures such as 
multi-morbidity, cognitive impairment, disability and mortality. Age-related 
changes in the endocrine system are very well established including a decline in 
the sex hormones testosterone and estrogens due to andropause and 
menopause, and the reduced production of Growth Hormone and Insulin-Like 
Growth Factor-1 (Somatopause).

The more recently discovered adipokines such as adiponectin, ghrelin, leptin and 
visfatin are key regulators of inflammation, insulin resistance as well as of central 
functions such as appetite regulation. Alterations in serum adipokine levels have 
been linked with an increased risk of obesity and metabolic syndrome. 
Interestingly, the concentration of adiponectin appears to change with age and is 
linked with age-related health outcomes, however further research on the 
association between aging and adipokines is required.

Other hormonal changes including thyroid-stimulating hormone (TSH), free 
thyroxine (FT4) and triiodothyronine (FT3) have also been evaluated on their link 
to health outcomes in elderly, but only low FT3 levels were associated with an 
increased risk for morbidity and mortality. These findings are consistent with 
other studies investigating aged populations, showing an association of low 
serum FT3 with reduced parameters of physical performance and muscle 
strength, as well as an increased disease-burden and mortality.
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Other hormonal changes including thyroid-stimulating hormone (TSH), free 
thyroxine (FT4) and triiodothyronine (FT3) have also been evaluated on their 

link to health outcomes in elderly
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Nutrition-related parameters are diverse, although studies have tended to 
focus primarily on a small subset of micronutrients including the vitamins 
D, B12, B6 and folic acid. However, data are not convincing, with limited 
evidence that suppressed vitamin D levels are associated with increased 
overall morbidity and cognitive impairment.

Other very interesting aging markers are N-terminal pro-B-type natriuretic 
peptide (NT-proBNP) and cardiac troponin, both of which are highly linked 
to myocardial damage. Recently it has been shown that NT-proBNP, which 
is elevated in the presence of heart failure, is associated with 
multi-morbidity, cognitive impairment and mortality, which makes 
NT-proBNP an informative general marker of age-related myocardial 
dysfunction. Cardiac troponin is associated with physiological renewal or 
remodeling of the myocardium. It is significantly correlated to NT-proBNP. 
Despite their validity as predictors for cardiac damage and cardiovascular 
diseases, both markers increase with age, importantly until very old age, in 
both male and female healthy subjects, which successfully qualifies them 
as biomarkers for human aging.
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Despite the apparent relevance of many of these blood-borne measures, longitudinal data to precisely identify the predictive value of these markers 
prior to the onset of ill health are scarce. There is, however, substantial evidence that the timely analysis of blood borne biomarkers should be a 
common feature of geriatric care, with the need to establish normative standards and appropriate age-related reference ranges.
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Sources: Blood Biochemistry Analysis to Detect Smoking Status and Quantify Accelerated Aging in Smokers

Hematological  biomarkers 

Biochemical (blood)  

Inflammation (blood)

Endocrine (blood and saliva)

Glucose fasting, RDW, RBC, MCV, MCHC, 
Hemoglobin, WBC, PCT, PLT Potassium, 
Calcium, Creatinine Gamma-glutamyl 
transferase, Sodium, DHEAS:Cortisol 
ratio, Leptin, DHEAS Growth 
Hormone/IGF-1, Ghrelin Melatonin, 
Estrogens, Oestrogens, Somatostatin, 
Testosterone, Thyroid hormones, 
Parathyroid hormone, Albumin, HDL 
cholesterol, Urea, LDL Cholesterol,
Alanine aminotransferase, Total 
cholesterol, Bilirubin total, Hematocrit, 
Protein total, VLDL, ESR PDW, MCV, mid, 
Fibrinogen, Adiponectin, Total 
Antioxidant Capacity, Fatty acid 
metabolism, Triglycerides, IL-1 beta, IL-6, 
hs-CRP, IL-10, IFN-γ IL-13, TNF-α, suPAR, 
IL-12, p16INK4a, Lipoxin, TNFα

Diabetes, liver kidney disorder, heart health 
hyponatremia, muscle work, liver damage, 
hyperkalemia, muscles work, kidney disease, heart 
disease, hypothyroidism, blood disorder, dehydration, 
stress, bleeding disorder, cardiovascular disease, 
rheumatoid arthritis, infections, tumors, anemia, bone 
marrow disease, blood disorder, sepsis, 
thrombocytopenia, blood-clotting disorder, oncology 
marker, cervical cancer,  schizophrenia, adrenal glands, 
pituitary function, regulation of body weight and 
appetite regulation, sleep patterns, biological clocks, 
female fertility, menopause growth rate, male fertility, 
muscle mass, hair,  gland function, hyperthyroidism, 
calcium, phosphorus level, chronic inflammation, 
systemic infection inflammation, allergic, tuberculosis 
infection, renal disease, cardiovascular disease, 
immune, infectious, or inflammatory disorders

Biomarkers Diseases
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Blood test data

Preprocessing
● Exclusion of outliers
● Normalization

Feature selection
● RF feature importance
● Feature ranking

Feature reconstruction
● Regression
● Missing values imputing

Analysis of results

Age predictions 
Smoking status 

prediction

...

...

...

...

https://www.researchgate.net/deref/http:/dx.doi.org/10.1038/s41598-018-35704-w?_sg%5b0%5d=KDnT_FB9y8cK687sKc4cp4MzK9suUsGiK9SXCE7D5JdBIKleQy9au3FrvPQvGwr4VsTyxclJgYsFggA6Evxue_R-eA.MtUOS3cQ3rX_2y_F5ZFNNtirf42UtcyNB00Qq8rUL-v6U4VoeVFylKfknfQWhMFtWcNXuFTBRR6j5kb56Ch4IA


Understanding the relationship between longevity biomarkers and 
age-related diseases has grown tremendously over the past two decades.  
Modulating lifestyle and body based on the profile of some of the 
biomarkers of aging can delay or prevent the development of many 
diseases.
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Technology readiness level analysis of the blood-based biomarkers shows their relatively high readiness level for commercial applications in the 
healthcare, longevity, insurance, forensics, and other industries. 

TRL average = 8.75

TRL average = 6.6
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TRL average = 8.52



Source: Alex Zhavoronkov, Polina Mamoshina. Deep Aging Clocks. 2019 74Aging Analytics Agency
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Opportunities Threats

WeaknessesStrengths

● Commonly used panels include only 9-14 blood biomarkers.
● Various genetic and environmental factors (including nutrition and drugs) can 

affect the levels of biomarkers and lead to misinterpretation of results.
● Lack of evaluation of sex-related differences in biomarker levels.
● Age is not correlated with Toll-like receptor (TLR)-mediated IL-12 production  

by stimulated whole blood cells. In contrast, poor nutritional status and frailty 
in aged people are associated with decreased IL-12 production. So their 
applicability as prognostic biomarkers is unclear because of variable 
expression.

● Extensive research on HDL was conducted only for women.

● Most commonly used biomarkers serve as sensitive indicators of diseases.
● Simple, almost non-invasive, economical, and robust biomarkers.
● Widely used globally.
● Good experimental validation.
● Inflammation biomarkers are used to assess physical and cognitive 

performance and to predict the risk of mortality in both the entire elderly 
population and in successfully aging individuals.

● Cytokine-longevity associations have a population-specific component, being 
affected by the population-specific gene pool as well as by gene-environment 
interactions, behaving more as survival rather than longevity genes.

● Identifying the clear mechanisms of ageing.
● Developing the personnel “blood profile”.
● Predicting prospective mortality.
● Early detection of diseases through computational prediction.
● There are numerous promising markers such as as mitochondrial complex II 

activity, chronic hypoxia, KU-0063794, and ascorbyl palmitate.
● Non-invasive detection of atherogenicity. Opportunity to develop cheap, fast, 

and reliable method of quantitative LDL subfraction analysis. Significant 
progress has been done in this direction after the homogeneous assays had 
been developed.

● Hemotransfusion-related risks.
● Several laboratory methods have been developed for the separation of LDL 

subclasses, but in most cases, the results obtained by different methods can 
not be directly compared.

● Further studies are needed to establish guidelines for sdLDL evaluation and 
correction in clinical practice.
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https://www.cell.com/trends/pharmacological-sciences/fulltext/S0165-6147(19)30114-2


NOURISH BALANCE THRIVE (United States): Wellness solution created for athletes, by athletes. 
Products/Services: Blood chemistry calculator. AI platform.  Healthcare-Ready biotechnology.

GLYCANAGE (United Kingdom): Patented science-based test that will accurately determine your 
biological age. Revolutionary, science-based test, that offers an accurate view of your health by 
defining the difference between your chronological and biological age. This is the first 
commercial glycan-based test that will put a single number to your health. Products/Services: 
Glycan Age Test  Informational Purpose Test. Healthcare-Ready. Immunology, clinical laboratory.

MAYO CLINIC LAB (United States): Global reference laboratory that helps health care providers 
worldwide advance patient care, strengthen your practice, and broaden access to specialized 
testing. Products/Services: Cytokine panels. Medical test. Approved for Clinical Use. Clinical 
laboratory.

DIAGNOPTICS (Netherlands): Pioneer and inventor of cutting edge diagnostic devices that can 
non-invasively diagnose and assess the risk of diabetes. Products/Services: AgeReader test. 
Biomarkers Real-Time Assessment Technology. Approved for Clinical Use. Health care, medical 
device.

WALK-IN LAB (United States): Leader in lab tests and wellness screenings. Products/Services: 
Anti-Aging #4 Comprehensive Blood and Urine Test Panel. Medical Test. Approved for Clinical 
Use. Clinical laboratory.
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https://nourishbalancethrive.com/
https://glycanage.com/
https://news.mayocliniclabs.com
https://www.diagnoptics.com/
https://www.walkinlab.com/


Publication Index (Ratio between Aging/Longevity Biomarkers and Total Publications)
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  Glucose fasting1

  Total cholesterol2

  suPAR3

   IFN-γ4

1. Glucose fasting
2. Total cholesterol
3. PLT
4. suPAR
5. p16INK4a
6. IFN-γ
7. Telomere Length in Leukocytes
8. TNF-α 
9. RDW

10. Gamma-GT
11. RBC
12. Hemoglobin
13. Albumin
14. Protein total
15. HDL cholesterol
16. VLDL
17. Urea
18. Hormones
19. MCV
20. Oxidative stress
21. Sodium
22. Fatty acid metabolism
23. LDL cholesterol
24. Fibrinogen
25. ALT

26. IL-1β
27. Potassium
28. IL-6
29. Triglycerides
30. hs-CRP
31. Creatinine
32. IL-10
33. Bilirubin total
34. Hematocrit
35. Calcium
36. IL-12
37. MCHC
38. Lipoxins

Examples of biomarker potentially usable in the Insurance 
Risk Assessment

  PLT5

  p16INK4a6

  Telomere Length in  Leukocytes7

   TNFα8
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