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Abstract 

In this paper we show that aortic aging is an important factor explaining 

biological age.  Therefore, it is advisable to use cardiorespiratory 

fitness assessment (CFA) to obtain an estimate of a patient’s biological 

age.  We conclude that CFA is a potential substitute for previously widely 

used biological age assessment methods. We also discuss the 

importance of biological age in risk management. 

We also study the significance of biological age to insurance business.  
Cohort life expectancy is the single most influential factor that insurance 
companies use to determine life insurance premiums. Biological age can 
represent a person’s aging status more appropriately compared to 
chronological age because biological age is associated with health status. 
CFA is an accurate estimator of biological age. We propose to test its use 
in the calculation of premiums and technical reserves and underwriting 
processes instead of cohort life expectancy. This can be operationalized 
by an easy to use assessment method like CFA and standard age transfer 
formula. 

 

 

Keywords 

Biological age, aortic aging, cardiorespiratory fitness, life assurance, risk 
management 

 

 

 

 



3 
 

1 INTRODUCTION 

Chronological age is the number of years a person has been alive, 

while biological age refers to how old a person seems. Biological age, 

also referred to as physiological age, takes many lifestyle factors into 

consideration, including diet, exercise and sleeping habits, to name a 

few. Not surprisingly, many studies have been conducted to 

quantitatively estimate biological age using measurable biomarkers (see 

e.g. Arging, 1991, Ingram et al. 2001, Simm et al. 2008, Parkes et al. 

2008, and McClelland et al. 2009).  

 Recent research suggests that telomeres and DNA methylation play big 
parts in the aging process and they can be used to determine biological 
age (Herrmann et al. 2018, Chen et al. 2019).  It is evident that each 
individual can affect his/her biological age by adopting healthy living 
habits.  This is an essential part of personal risk management. 
 
There is a direct correlation between cohort life expectancy and how 

much one is charged for a life insurance policy. Biological age is a concept 

used to describe a difference between a population cohort life expectancy 

and the life expectancy of an individual of the same age. Hence, an 

accurate estimate of biological age would be of utmost importance to 

actuarial calculations.  

 

Cardiovascular diseases are the number 1 cause of death globally, and 

because of that, physicians and cardiologists in the life insurance 

industry have been particularly interested in the examination of the 

circulatory system. They first accepted the importance of brachial cuff 

blood pressure as a measure of risk already in 1917, and they have used 

palpation, radial artery tonometry and pulse waveform analysis to reject 

applicants for life insurance even earlier (Postel and Vinay, 1996).  

Chronological age has been used in different risk calculators and risk 

assessments to provide patients with detailed information about their 

personal risks of cardiovascular, or overall, morbidity and mortality. 

However, it is well known that risk for death varies significantly among 

individuals of the same age. There should be a composite measure that 

would replace chronologic age in risk calculations to improve these 
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predictions. This biological age should be determined by physiology, not 

only by specific pathology.  

Aforementioned biological age measures are made at rest, although 

human circulatory system appears to be designed for optimal function 

during physical exercise (Nichols et al. 2011). Exercise capacity is also a 

strong and independent predictor of morbidity and mortality in many 

patient populations, and it is a stronger prognostic indicator than many 

traditional and non-traditional cardiovascular risk factors (Blair et al. 

1989, Laukkanen et al. 2004, Sui et al. 2007). 

 

2 FITNESS AS A BIOLOGICAL AGE: PHYSIOLOGIC BACKGROUND 

The aorta and large arteries have two distinct functions. They deliver 

blood pumped by the heart to the capillaries of bodily organs and tissues 

according to their need and dampen the pulsation caused by the beating 

heart in the circulating blood. Hence, these elastic arteries are working 

simultaneously and efficiently as a conduit and as a cushion. By age 

thirty, repetitive expansion stretches the non-living aortic elastic 

lamellae around billion times (about 30 million times per year at an 

average heart rate of 70 bpm). The cumulating stretch load wears out 

elastic fibers, and they begin to tear. The wall’s connective tissue layer 

thickens, and the aorta starts to stiffen. The stiffening increases with 

age. It takes more effort for the heart (left ventricle) to stretch the aorta. 

This leads to an inevitable decrease in physical performance in middle 

age (Lakatta and Levy, 2003, O'Rourke and Hashimoto, 2007, Nichols et 

al. 2011).  

It is important to notice that aortic aging is a different process than 

atherosclerosis. Atherosclerosis has its predisposing risk factors, the 

process begins in youth, and clinical manifestations (coronary artery 

disease, myocardial infarction, and stroke) may occur even decades 

later. Aortic aging is an independent process which could advance 

without atherosclerosis, even without any risk factors (Avolio et al. 1985, 

Lakatta and Levy, 2003, Dzau et al. 2006, Nichols et al. 2011). However, 

there are often coexistent progressions of aortic aging and 

atherosclerosis as introduced in The Cardiovascular Aging Continuum 
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(O'Rourke et al. 2010), and it is difficult to separate age-related changes 

from disease-related changes. 

Blaha et al. (2016) reported previously that fitness-associated biological 

age was a stronger predictor of mortality and myocardial infarction than 

chronological age. These results are easy to understand when combined 

with decreasing physical performance caused by aortic aging mentioned 

above. Fitness based biological age may be comprehensive clinical tool 

for facilitating patient discussions regarding the impact of exercise 

capacity on long-term risk and compliance with important lifestyle 

changes. It should also be used in risk assessment rather than 

chronologic age.   

American Heart Association released its scientific statement in 2017  

(Ross et al.) and recommends annual CFA for all adults during routine 

clinical visits. The measured or estimated result obtained should be 

interpreted by using appropriate reference values (eg. Blaha et al . 

2016), or by using standard reference values and the age at which that 

fitness level is normal, could be used as a biological age.  

 

3 INTENSITIES IN PERSONAL RISK INSURANCE 

If x is the age of the insured, the related risk intensity can be defined as 

(1)                    h(x) = αeβx + λ 

This is called a hazard function or an intensity function.  This old and 

widely used function is called Gompertz-Makeham function and it was 

presented by Makeham (1860).  The formula (1) was originally used for 

mortality modelling, but it has been noticed that it is suitable for 

modelling of other personal risk insurance like critical illness, health and 

permanent disability as well. 

Recently it has been shown that the Gompertz-Makeham function (1) is 

slightly too steep for old ages (75-80 years and up) compared to many 

observed deaths, and it requires compensation, see Gavrilov and Nosov 

(1985).  The Gompertz-Makeham function can be used to generate a 

probability distribution, see e.g. Jodra (2009). 
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An insurance premium is obtained by multiplying the intensity function 

by suitable parameters.  The intensity function is a part of the actuarial 

rules of an insurance company, and the parameters in the formula (1) 

are defined by performing a periodical curve fitting between the function 

(1) and real mortality data. 

Recently cohort mortality models have grown popular, see e.g. Sanders 

(2017).  Mortality is also an important factor in statistical demography 

research, see Alho and Spencer (2005).  Alho (2016) shows that female 

and male mortality have converged in Europe.   

 

4 AGE TRANSFER IN PREMIUM RATING 

It has been noticed that the mortality of a certain group A of insureds 

can sometimes be obtained by adding a parameter to the mortality of 

another group B of insureds.  Referring to the formula (1), the intensity 

function for group A can be defined as 

             hA (x) =  h (x + τ), 

where x is the age of a member of group A, and τ is an age transfer.  The 

only difference from the basic formula (1) is that the age x in the 

exponent is replaced by x + τ.   

A practical example is the mortality model used by many Finnish life 

insurance companies, where the intensity of a woman is the same as the 

intensity of a seven years younger man.  If the group of women is 

denoted by A, we get 

              hA (x) =  h (x - 7), 

where the age transfer is -7.  This kind of mortality modelling results in 

different premiums for men and women, and it was forbidden by EU 

Court in 2012.  It is allowed, however, in the calculation of technical 

reserves. 

 

5 USE OF BIOLOGICAL AGE IN PREMIUM RATING AND UNDERWRITING 

Insurance needs to be to a certain degree collective to be insurance.  

However, moderate individualizing can bring mutual benefits for an 
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insured and an insurer, as Voutilainen and Koskinen (2017) show.  

Biological age gives an interesting method of individualizing premium 

rating and underwriting procedures.  What is important, a customer can 

influence his/her premium and underwriting results by lowering his/her 

biological age by healthy living habits.  In that sense, biological age 

driven insurance is incentive based, cf. Voutilainen and Koskinen (2017). 

Let CHRON and BIO be an individual’s chronological and biological ages, 

respectively.  If BIO is directly available, the intensity function is simply 

h(BIO), which determines the corresponding premium.  The difference 

BIO-CHRON can also be used as an age transfer.  If we denote it by AT, 

we get the intensity function h(CHRON + AT), which determines the 

corresponding premium. 

The use of biological age in underwriting is straightforward: simply 

replace chronological age by biologic age in the underwriting procedure.  

Thus, denial and extra premiums are now the result of biological age 

instead of chronological age. 

In Finland the majority of personal insurance lines use age-dependent 

tariffs and can therefore benefit from the use of biologic age as a tariff 

factor.  These lines are at least the following: 

▪ term life insurance 

▪ critical illness insurance 

▪ health insurance 

▪ permanent disability insurance 

▪ mandatory pension insurance (TyEL), disability and old age 

pension 

Exponential risk models of type (1) in Ch. 3 are widely used and 

therefore significant.  In most of the above insurance lines the risk model 

is exponential, but this does not limit the use of biological age.  To 

achieve risk-based tariffs biological age should be used in premium 

rating, but it has also significance in technical reserves.  For example, in 

mandatory pension insurance, motor third party liability insurance and 

workers’ compensation insurance pensions are reserved in claims 

reserves.  The biological age of an insured gives much better picture than 

the chronological age about how long the pension will be payable. 
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6 BIOLOGICAL AGE AND RISK MANAGEMENT 

Most risk management articles in the literature refer to risk management 
as a company, organization or industry related topic.  For example, the 
recent handbooks of Hopkin (2018) and Hillson (2016) define risk 
management as a corporate concept.  So do the articles of Dionne (2013) 
and Haimes (2009) who discusses “risks to systems”.   

Boyle (2015) and Kavaler and Alexander (2014) cover risk management 

in health sector.   

Insurance company risk management is governed in EU by the Solvency 

II regime.  It requires among other things that insurance companies 

reserve funds for different age-related underwriting risks. They include 

changes caused by e.g. mortality, longevity, morbidity, disability and 

lapse in the risk position of an insurance company.  See e.g. Christiansen 

and Niemeyer (2014).  For example, longevity and disability risks are 

discussed by Levantes and  Menzietti (2012) and Jarner and Möller 

(2015). 

Knowledge of individual customers’ biological age gives an insurance 

company a much better way to assess the underwriting risk according to 

Solvency II than chronological age.  Even good estimates give this 

advantage.  After all, biological age is the “real” age taking into account 

diet, exercise and sleeping habits et al.  The procedure sketched at the 

end of Ch. 2 is a promising effective way to accomplish this. 

So far, we have discussed corporate risk management. The risk 
management for individual persons found in the literature can be 
classified into wealth risk management and health risk management.  
Wealth risk management is discussed by e.g. Michaud and Michaud 
(2008).  According to our knowledge, wealth risk management is not 
related to biological age, even if this could be possible.   
 
Biological age and patient health risk management are discussed by the 

following authors:  

Soriano-Tarraga et al. (2018) discuss biological age as a predictor of 

mortality in ischemic stroke.  Age and stroke severity are the main 

mortality predictors after ischemic stroke. However, chronological age 

and biological age are not exactly concordant. As estimated by DNA 
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methylation, biological age is an independent predictor of 3-month 

mortality in ischemic stroke. 

Farquharson et al. (2001) study the importance of biological age in 

surgical decisions in the elderly. These results indicate that decisions on 

surgical management are strongly influenced by the patient's star rating 

or biological age. Here a simple biological age assessment was used. 

Hospers et al. (2015) discuss the relation between blood pressure and 
mortality risk in an older population and there the role of chronological 
and biological age.  In a large population‐based cohort of older adults, 
low diastolic blood pressure was associated with an increased all‐cause 
mortality risk, especially in the oldest old and in biologically old 
individuals. 

 

Chen et al. (2016) present a meta-analysis on DNA methylation-based 
measures of biological age.  Estimates of biological age based on DNA 
methylation patterns have been shown to be robust biomarkers of age in 
humans. Overall, the study of Chen et al. strengthens the evidence that 
biological age predicts all-cause mortality above and beyond 
chronological age and traditional risk factors, and demonstrates that 
biological age estimates that incorporate information on blood cell 
counts lead to highly significant associations with all-cause mortality. 

 

Kang et al. (2017) propose a metabolic syndrome biological age model, 
through which overall evaluation and management of the health status 
and aging state in metabolic syndrome can be done easily.  

 

Meisel et al. (2019) show that biological age combines various measures 
into a single score and allows identifying individuals at increased risk of 
tooth loss. 

 

Liang et al. (2016) study effects of biological age on the associations of 
blood pressure with cardiovascular and non-cardiovascular mortality in 
old age. 

 

The CFA procedure described at the end of Ch. 2 is an alternative to 
produce biological age estimates for the above-mentioned health risk 
management cases.  
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7 CONCLUSIONS 

In this paper we have shown that aortic aging is an important factor 

explaining biological age.  Therefore, it is advisable to use CFA to obtain 

an estimate of a person’s biological age.   

It would be interesting to compare the performance of the CFA for 

biological age to the previously widely used biological age assessment 

methods like those using telomeres and DNA methylation.   

Furthermore, the procedure described at the end of Ch. 2 would be an 
alternative to produce biological age estimates for the health risk 
management cases referred in Ch. 6 and also other cases reported in the 
literature. 

 

We have also discussed the significance of biological age to the risk 
management of insurance companies.  Biological age can be taken into 
account in actuarial functions by simple age transfer.  We have discussed 
the potential significance of biological age for premium rating, 
underwriting and technical reserves.  Inclusion of biological age in these 
areas would require an easy-to-use assessment method, maybe 
something like the CFA discussed in this paper. 
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