
SUPPLEMENTARY MATERIALS

FIGURES

Figure S1 An illustration on human mortality rates and the Gompertzian parameters.

Figure S2 Mortality at age 70 across cohorts born between 1880 and 1940 in five European countries.

Figure S3 The observed right-tailed distribution for age at recruitment male elite athletes.

EQUATIONS

Equation S1 Standard individual hazard with Gompertz baseline hazard. 

Equation S2: From the standard individual hazard (Z=1; Equation S1) and parameter estimates 

obtained from MLE: 

• Equation S2.1Risk ratio for HMD and Olympic Athletes

• Equation S2.2 Percentage of change in the rate of aging
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Figure S1 An illustration on human mortality rates and the Gompertzian parameters. Top: (i) arithmetic

scale; Bottom: (ii – iv) semi-logarithmic scale. To interpret the rate of aging; Gompertzian b, it is 

graphically inferred as the gradient of the hazard line. The steeper the gradient, the higher the rate of 

aging. (ii) Proportional hazard where the relative hazard remains constant over time; (iii) Cross-over or 

convergence hazards are predominantly driven by unobserved heterogeneity in the two sub-groups. 

Individuals were selected to survive to high ages by risk exposures; (iv) divergence of the two hazard 

lines suggests an accelerated failure time model.



Figure S2 Mortality at age 70 across cohorts born between 1880 and 1940 in five European countries. 

The gender discrepancy and changes in mortality risk in Poland after year 1920 as evidently seen from 

the semi-logarithmic plots (log μ(x)). Source: Human Mortality Database.



Figure S3 The observed right-tailed distribution for age at recruitment male elite athletes born between

year 1890 – 1959. 



Equation S1 Standard Individual Hazard. Z represents individual frailty in the Gompertz function, and

the standard individual hazard rate is indicated as Z=1; x as age at death 

μ ( x )=Z aebx

Therefore, the hazard rate at the beginning of survival time analysis is given as 

μ ( x )=(1)aeb (0 )=a  ; Z=1 and x=0

Equation S2 From the standard individual hazard (Z=1; Equation S1) and parameter estimates 

obtained from MLE:

Equation S2.1 The risk ratio at a given age x from Gompertzian a; HMD & Olympic Athletes:

RR=
ahmd (x)

aoly( x)

Equation S2.2 Percentage of change in the rate of aging for individuals born in the same cohort. 

B=
bhmd−boly
bhmd



Equation S3 Population Hazard and Maximum Likelihood Estimation. The ɣ-Gompertz  baseline 

hazard comprises i) the classic Gompertz equation (numerator); ii) the average frailty of the population 

Z(x) is assumed to be gamma distributed (denominator). In the equations shown below, the two age 

variables: x= age at death; j= age at recruitment. δ as the event indicator for dead= 1, and alive or right 

censored= 0.

Equation S3.1 Mortality function:

μ ( x )=( aebxZ̄ (x) )
δ

=( aebx

( 1+ aγ
b

(ebx−1) ) )
δ

Equation S3.2 Survival function:

S ( x )=(1+ aγ
b

(ebx−1 ))
−1
γ

Equation S3.3 To incorporate left-truncation (the inverse of survival function but with the time 

variable as j = age at recruitment; i.e age at debut):

tr .S ( j )= 1
S ( j )

Equation S3.4 To obtain the log-likelihood that accounts for right censoring, the survivorship, and left-

truncation:

log L=∑ log ( μ ( x ) S ( x ) tr .S ( j ) )


