
5 January 2024, Preprint v1  ·  CC-BY 4.0 PREPRINT

Research Article

The Pandora Box from 12 Countries: Who
Bene�ts More from Modern Interventions?
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Aging constitutes an inevitable decline in vitality, representing a phenomenon that a�ects the population

since the advent of vaccination and the doubling of life expectancy at birth. Preventive medicine stands as

the cornerstone of life-saving e�orts, o�ering an opportunity that is shaped by factors such as gender,

�nancial resources, health consciousness, and individual decisions. It has been observed that males tend

to experience the onset of chronic illnesses at an earlier stage than females, leading to a shorter life

expectancy for males. While this traditional assumption may persist, recent �ndings in gender-speci�c

mortality rates have revealed a signi�cant reversal. A notable shift in the modern dynamics of gender-

based mortality has been attributed to contemporary interventions, which appear to be pivotal in reducing

this disparity. This analysis focuses on deaths related to circulatory failure, their comorbidity, and the

early diagnosis of diseases in order to examine the Pandora's box hypothesis of gender di�erences and

identify the statistical frailty component a�ecting mortality selection. The empirical �ndings of this

analysis indicate that patients experiencing renal and circulatory failure face a mortality risk that is at

least 10% higher than those with circulatory failure alone. Furthermore, the temporal changes in mortality

dynamics suggest that males are reaping greater bene�ts from current life-extending techniques. These

results strongly imply that longitudinal studies should incorporate transplant-related data to obtain a

more robust hazard ratio for clinical evaluation.

Corresponding author: Yuhui Lin, nylin@naorococo.net

Introduction

Diseases a�ecting the circulatory system have been identi�ed as the primary cause of morbidity and

mortality in developed countries, accounting for over 30% of all adult deaths over the age of 40 [1][2][3][4][5].

The 21st century has witnessed a signi�cant increase in human life expectancy at birth compared to past

generations, who lacked su�cient knowledge about preventive measures against infectious diseases  [6].
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Despite advancements, the modern population remains vulnerable to non-communicable diseases, raising

questions about whether life-saving interventions bene�t women more than men.

Aging is considered a fundamental factor in the biological processes observed in molecular studies and

empirical research on risk factors leading to mortality[1][7][8][9][10][11]. The accumulation of cellular damage

and chronological age often lead to the onset of one or more diseases. Consequently, it is unsurprising that

elderly individuals frequently experience multiple diagnosed morbidities [12]. The presence of comorbidities

doubles the risk of mortality, and the shorter life expectancy of males has long been acknowledged by the

scienti�c community and the general public  [13][14][15]. While scienti�c literature has highlighted gender-

based di�erences in adjusted relative risk and odds ratios for various diseases, there is still a lack of clarity

regarding the age-speci�c mortality trends among patients with the same comorbidities resulting in

circulatory failure deaths. These disparities in mortality trends may be in�uenced by gender-speci�c

variations in the administration of life-saving and life-extending interventions. This analytical hypothesis

seeks to further explore an alternative explanation for the current �nding related to the reversal in age-

speci�c mortality rate ratios between genders in all countries; shown in Results section.

Based on a multinational longitudinal prospective study, my analysis investigates the mortality risks

associated with morbidities leading to circulatory failure deaths, and explores the potential of early disease

diagnosis as a modi�able risk factor. The analysis focuses on various morbidities, including circulatory

failure, renal, respiratory, cancer, and digestive diseases. Additionally, the study rigorously examines

temporal changes in mortality trends to understand the impact of life-extending and life-saving measures,

as well as the challenges associated with these analyses in longitudinal data.

Results

The analysis included participants recruited since the start of the Survey of Health, Ageing and Retirement

in Europe (SHARE) longitudinal study in 2004, totalling 14,310 individuals. In 2017, the survival follow-up

revealed that 24.8% had deceased; 1757 females and 1795 males. Among all-cause mortality, 34.4% were

classi�ed under circulatory-failure cause-of-death (COD); 33.8% for females and 35.0% for males.

However, not all circulatory-failure COD cases had a medical history of diagnosed circulatory disease, such

as stroke, heart attack, and other cardiovascular-related illnesses (Figure 1 & Table 3). It is noteworthy that

the data exhibits a depleting wave structure whereby only wave 1 recruited participants were included.

Participants who had succumbed to circulatory-failure and had been diagnosed with at least one circulatory

disease before their last survival follow-up were categorized as early diagnosed patients (circulatory: Yes).

These patients would have received disease management and proper medical treatments. The ages at death

qeios.com doi.org/10.32388/JPICV8 2

https://www.qeios.com/
https://doi.org/10.32388/JPICV8


among early diagnosed circulatory-failure patients demonstrated a delayed occurrence and a higher median

compared to those not diagnosed at their last survival follow-up (late diagnosis, circulatory: No) as depicted

in Supplementary Figure S1. The median di�erences in premature circulatory deaths were 11 years for females

and six years for males. Additionally, a separate category 'Don’t know/NAs' regarding existing morbidity

types was included during the survival analysis.
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Figure 1. Flowchart for Depleting Wave I SHARE study. Information on

lifestyle and health modules were updated from 2004 to 2014; wave 1 to 6. A

calendar time-interval delay for survival status update – e.g., the expiry of

wave 1 participants can only be traced starting from wave 2 end-of-life

questionnaire. Thus, survival status was last updated in year 2017; wave 7. The

boxes were not drawn to scale in representing the depleting number of

participants. The dotted line traces expired participants out from the study.
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The Cox regression model was initially applied to a short data format containing all-cause mortality and

right-censored survival pro�les. However, due to changes in smoking status and diagnosed-treated

diseases among the participants between 2004 and 2014, the hazard estimates obtained may not be fully

representative and could potentially lead to misleading inferences. Consequently, the data was restructured

into an event-history format to facilitate the updating of changes in disease diagnosis, smoking habits, and

vital status accordingly refer to Supplementary Table S1.

Circulatory-failure diseases are often accompanied by comorbidities such as renal or respiratory diseases,

which can contribute to circulatory-failure COD. Figure 2 and Table 1 present the heterogeneity index by

birth cohorts, derived from a multivariate Cox-frailty model. This index measures the frailty-robust

members within each categorical birth cohort. A low numeric gamma-distributed index indicates high

robustness, with the index always being positive. In contrast, a higher index signi�es a greater proportion of

frail-robust individuals, indicating increased heterogeneity. Any disparity in the age-speci�c force of

mortality among groups is re�ected in the graphical representation in Figure 2. An equilateral triangle

would indicate no disparity, while an isosceles or irregular-shaped triangle denotes mortality disparity

within at least one of the groups. Supplementary Figure S2 further illustrates the �ndings of a distortion in

age-speci�c COD, particularly for circulatory-failure deaths. It is observed that circulatory-failure CODs

tend to have an earlier age-of-onset, impacting mid-adulthood and mid-elderly individuals, in contrast to

aging diseases CODs, which predominantly a�ect the elderly. The inclusion of year of birth as a frailty

component or strati�ed for its mixed-e�ects is crucial in the multivariate model.

The study proceeded to compare the risk estimates between early and late circulatory disease diagnoses

resulting in circulatory-failure COD. A complete-case approach was employed, considering only deaths from

circulatory-failure in this analytical component. Table 2 and Supplementary Table S2 indicate that

participants who aware of their circulatory diagnosis had a lower mortality risk than those who were not. It

is essential to interpret the hazard ratio (HR) in complete-case considering the depleting heterogeneity. For

instance, the HR for males-only presented in Table 1 is interpreted as a protective risk factor (<1.00) for

current smokers. However, it is vital to acknowledge the potential bias introduced by the median

recruitment age of 63, in�uencing the survival probability due to life-detrimental risk exposures, including

tobacco smoking.

A signi�cant limitation of the study is the inability to account for life-saving opportunities such as solid-

organ transplants, which remain unrecorded in the SHARE study and other longitudinal prospective studies.

To obtain more reliable risk estimations, e�orts to disentangle the information from transplant criteria are

warranted. Table 2 showcases the multivariate Cox time-varying analysis of those who had the potential to

receive solid-organ transplants, excluding cancer patients.
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The implementation of a simpli�ed Cox time-varying model was necessitated by the lack of convergence in

the Cox-frailty analysis, primarily due to the low number of occurring deaths in the youngest categorical

birth cohort. The strati�cation by countries and categorical year of birth was therefore adopted to address

this issue.

In both the Cox-frailty and simpli�ed time-varying models, renal disease emerged as the sole signi�cant

morbidity in�uencing the survival pro�les of circulatory-failure COD. Males demonstrated a higher risk for

mortality, while the gender-speci�c hazard ratios for circulatory-failure disease with renal disease as a

comorbidity re�ected approximately 10 – 11% elevated risk for mortality (Table 2 and Supplementary Table

S2). Accounting for a complete-case by circulatory-failure COD, the �nalized multivariate HR continued to

indicate males experiencing a higher risk than females, with an 11% risk increment for circulatory-failure

mortality, using females as the baseline hazard. Furthermore, the analysis revealed hidden heterogeneity

within female patients, suggesting that the interactive risk exposure may be a lagged-e�ect from the

recovery process in�uencing the probability of death.

The intricate �ndings hint at varying recovery processes between males and females, potentially favouring

male patients in extending longevity; Figure 2 and Figure 3.

Figure 2. A triangular net chart representing the measured heterogeneous-mixing index from Cox-frailty

multivariate model for a) right-censored & all-cause mortality, and b) circulatory-failure deaths only. The

heterogeneity-index measures the proportion of frail-robust participants within the speci�ed group;

categorical birth cohorts: 1902 – 1933 (blue), 1934 – 1945 (orange), 1946 – 1949 (yellow), 1950-1974

(green). Abbreviations: All: all participants; F: Females, and M: Males. Refer to Table 1 & Supplementary Table

S2 for the hazard ratios and 95% con�dence intervals.

a) Right censored & all-cause mortality. Axis ranges from 0.0 to 4.0;
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Figure 2a.

b) Circulatory-failure deaths only. Axis ranges from 0.0 to 2.0.

Figure 2b.

Figure 3. Gender disparities in mortality rate ratio females to males were observed in multiple countries

including Sweden, the Netherlands, France and Switzerland. All EU countries in SHARE exhibited a mortality

u-turn or retardation in gender disparities in the year 1980; x-axis is calendar year. Remarkably, this point
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of in�ection is highly similar across all EU countries and marks a signi�cant milestone for the

standardization of renal transplantation, and subsequently other organ transplants. When the ratio gets

closer to 1.0, it is an implication that males are gaining improvements in survival. This shift is evident across

all age-speci�c deaths including childhood mortality ≥3 years old; Supplementary Figure S4.

Figure 3.

Discussion

Heterogeneity plays a signi�cant role in shaping the dynamics of mortality and fertility in population

studies [16][17][18][19][20]. From the perspective of Darwinian selection of the �ttest to the Hay�ick Limit on

cell division, the variation among individuals contributes to a wide range of observed and measured

indicators [21]. It has long been a subject of inquiry why certain individuals are unable to stave o� the early

onset of chronic diseases, while others manage to evade premature death. Some research studies have
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suggested that the latter group may have adapted themselves to a healthier and more active lifestyle,

including abstaining from smoking, receiving seasonal �u vaccinations, belonging to an a�uent

socioeconomic status, and recognizing early signs of diseases [22][23][24]. Despite life expectancy surpassing

the age of 75 in developed countries, it remains a perplexing issue whether the advancements in disease

diagnosis and treatments have diminished heterogeneous selection for mortality among a�ected

individuals. Healthcare serves as a provider of health and longevity, functioning as a resource to be shared

among individuals of all genders and ages, and is in�uenced by �nancial costs. As this life-saving resource

must be distributed, analyses should be based on the heterogeneous mixing by gender and age or year of

birth.

Circulatory disease stands as the most prevalent malady in adulthood, often operating stealthily as a silent

yet lethal threat to those a�ected. The absence of timely medical interventions and comprehensive disease

management heightens the risk of permanent disability and premature mortality  [25][26]. Given its

escalating incidence in the adult population, there is a growing interest within the healthcare domain to

explore gender disparities in succumbing to circulatory failure as a cause of death. Research indicates that

females exhibit a greater propensity to pursue early disease diagnosis compared to males. Along with the

Cox survival analysis, analytical process in this study also revealed that males, especially those in poor

health, were less inclined to acknowledge their condition as patients, potentially leading to unfavorable

prognoses and limited treatment options prior to decease. Moreover, while gender-based mortality

di�erentials have been extensively documented, it is only recently that the empirical age-speci�c mortality

rate ratio in�ection point has emerged μF(x)/ μM(x) Figure 3, Supplementary Figure S3 & S4. Although it is

widely acknowledged that males constitute the preponderance of risk-takers in the population, resulting in

a distinct mortality peak during young adulthood μM(x), an aspect that has been thoroughly debated with

numerous mathematical endeavors to unveil the distribution characteristics (i.e., young adulthood: ages 10

to 35), studies have thus far neglected to assess temporal changes in mortality dynamics and gender-based

disparities. The current study serves to present an alternative explanation for the observed μF(x)/ μM(x)

in�ection point, which has been evident since the 1980s. This phenomenon is attributed to the introduction

of standardized solid organ transplant protocols [27]. If both males and females have equal access to medical

treatments and organ transplants, and equal prospects for disease remission, the 1980 in�ection point

μF(x)/ μM(x) would not have materialized. For instance, μF(x)/ μM(x) for the period from the 1980s to the

present conveys that males have been availing themselves of more favorable life-saving opportunities or

exhibiting a greater likelihood of recuperating more e�ciently than females, consequently resulting in a

more pronounced reduction in their age-speci�c mortality rate; Figure 3. Any increment or decrement in the

rate ratio implies that one gender is faring signi�cantly better in reducing their mortality risk at the
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speci�ed age, x, over the years. Thus, it is evident that since the 1980s, the observed gender mortality rate

ratio suggests that males have been bene�ting from more favorable life-saving interventions or are more

likely to recover e�ciently compared to females, thereby e�ecting a more conspicuous reduction in their

age-speci�c mortality rate; μM(x) (Supplementary Figure S3).

Though there have been instances of males exhibiting a distinct hazard-risk trend compared to females, two

contradictory trends diverging from existing literature warrant discussion. When the multivariate Cox-

frailty model for circulatory-failure causes of death (CODs) incorporated the variable of early diagnosed

circulatory disease (Circulatory: Yes; Table 2), the male-only hazard ratio (HR) estimates indicated a 14%

excess risk, whereas the female-only estimates portrayed early diagnosis as a protective risk factor. Early

disease diagnosis is anticipated to consistently function as a protective risk variable. However, a segment of

male respondents did not disclose information about their circulatory health and faced a >400% likelihood

of mortality. From Table 1 and Table 2, the estimated HRs suggest that smoking status is not the sole life-

detrimental risk factor for males with circulatory-failure CODs. An intriguing observation emerged when

renal disease was introduced as a comorbidity in the multivariate survival model, revealing a 41% excess

hazard risk exclusively among females, while males exhibited no increment; HR=1.00. The plausible

explanation is that females undergoing circulatory diseases have a di�erent recovery trajectory than males

following similar medical interventions and may not fare well in terms of survival when renal disease is a

comorbidity. If this explanation is deemed scienti�cally acceptable, it further bolsters cardiac intervention

studies indicating gender-speci�c di�erences in the recovery process [28][29]. The disparity in HR estimates

illustrates that male patients derived greater bene�t from life-saving opportunities than females; Figure 2,

acting as a remedy to interrupt the persistent widening of mortality disparity between the two genders that

occurred from 1900 to 1980; Figure 3, Supplementary Figure S3 & S4.

This study is subject to limitations in further investigating the �ndings and research hypothesis due to the

insu�cient information on organ transplantation, both as a recipient or donor, as well as special cases that

exempt individuals from the transplant waiting list. Additionally, potential complications such as the

development of blood disorders, such as Non-Hodgkin's lymphoma, which is commonly observed among

post-transplant patients, present an additional challenge  [30][31]. Moreover, certain liver-failure patients

may undergo up to �ve liver transplants during their lifetimes, and childhood diseases, once rare, are now

increasingly prevalent due to advancements in medical and technological innovations, such as cystic �brosis

(CF), a recessive rare genetic disease. While CF historically limited a�ected children to a life expectancy of

merely six months, recent medical reports indicate that a�ected individuals can now anticipate survival into

mid-adulthood, often having undergone at least one organ transplant before the age of 20  [32][33][34].

Furthermore, diabetes, a metabolic disorder characterized by impaired insulin production, and a progressive
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contributor to renal failure, particularly a�ecting males. In age-adjusted chronic renal disease treatment

and survival outcomes, it has been noted that women exhibit poorer performance than men [14]. Although

detailed research on the natural history of gender-di�erences in diabetic patients is warranted, it is widely

acknowledged within the medical community that renal failure signi�cantly mediates death from cardiac

failure  [4][35][36]. Despite its limitations, this study rea�rms the prevailing interaction between renal and

circulatory diseases as indicated in current medical literature.

If arti�cial censoring and truncation are not factored into the design of the statistical algorithm or survival

analysis protocol, it would pose a signi�cant challenge to optimize risk estimates and accurately de�ne the

most representative hazard shape, including its frailty distribution. This presents crucial implications for

healthcare management reports and the clinical audit process.

This empirical study serves as an example of the inability to accurately determine the frailty component of

circulatory failure deaths among females, as it lacks the statistical landmark indicating when, or if, any

transplantation had occurred. The lack of convergence during a Cox-gamma frailty analysis suggests that

the gamma distribution may not be the most suitable to accommodate the extended life-years resulting

from post-transplantation. This is particularly pertinent as the hazard shape and its age-speci�c mortality

trajectory, when examined, are likely to deviate from the norm and the respective baseline hazard [37][38].

Conclusion

Renal disease as a comorbidity among patients with circulatory failure signi�cantly increases the risk of

mortality by at least 10% in both genders. Timely diagnosis of circulatory diseases is a preventive measure

that reduces the risk of mortality from all causes and circulatory failure-related causes. To promote better

healthcare and awareness for healthy aging, the detrimental e�ects of smoking on health and mortality

should be emphasized from a young age. Longitudinal and cross-sectional epidemiological studies should

take into account the changes in mortality risk dynamics resulting from the standardization of organ

transplantation. Including information on transplants can help elucidate certain puzzling and unexplained

trends in some studies, including the role of frailty in female circulatory failure-related causes of death.

Methods & Materials

Data format

The SHARE longitudinal study is a comprehensive long-term survival follow-up of participants who were

enrolled in 2004.  [39]  This study involves a biennial collection of participants' self-reported lifestyle

qeios.com doi.org/10.32388/JPICV8 11

https://www.qeios.com/
https://doi.org/10.32388/JPICV8


behaviors and health information. In cases where participants did not survive during subsequent follow-

ups, a proxy was tasked with completing their end-of-life module, which comprised information about the

deceased individual's health, life insurance, causes of death, as well as medical and hospitalization records.

For detailed information and updates related to the questionnaires used since the inception of the study,

please visit https://share-eric.eu/data/. Lifetables for European countries and Israel are available from the

Human Mortality Database (HMD). [40] All statistical analyses were performed using Rstudio and R-software

version 3.5.1. [41][42]

In the present analysis, the study focused on participants recruited during "wave 1," who were subsequently

monitored from 2004 to 2017. The �nal survival follow-up in 2017 involved 11 participating European

countries and one Middle Eastern country; Austria, Belgium, Sweden, Switzerland, Germany, Denmark,

Spain, Greece, France, the Netherlands, Italy, and Israel. Information on lifestyle behaviours, vital status,

and health conditions, including diagnosed morbidity and hospitalization duration, was continually

updated. From a technical standpoint, this data format is classi�ed as a depleting longitudinal wave; refer to

Figure 1. Following the exclusion of cases with missing vital status information and inconsistencies in self-

reported modi�able risk behaviours, such as current and never smoking statuses, the study included 7974

female and 6336 male participants for the survival analysis; Table 3. The principal hypothesis aimed to

explore potential gender-based di�erences in morbidity types from diagnosis to death, and to investigate

whether early disease diagnosis could prevent premature mortality.

It is important to note that the event of interest, "death," can only occur once in an individual's lifetime.

Therefore, the coded causes of death (COD) are highly selective and survival is in�uenced by factors such as

health status, existing comorbidities, and the patient's age. Among the elderly and frail population, long-

term comorbidities, organ function deterioration, and damage resulting from adverse lifestyle behaviours

were likely to be signi�cant confounding factors; refer to Supplementary Table S1. In contrast, sudden health

deterioration leading to death is more common among younger and middle-aged individuals; refer to

Supplementary Figure S2 for ages at death by COD.

Variables I - V

A comprehensive set of variables was considered in the multivariate analysis of the time-varying Cox and

Cox-frailty regression models. Each model was �nalized using a forward-selection process, during which

the likelihood ratio test was applied, with a signi�cance level of p ≤ 0.05 for goodness-of-�t criteria. Among

the variables available in the SHARE catalog, particular attention was given to monitoring changes in

smoking status, including participants who declined to disclose their smoking habits. Smoking status is
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extensively documented as a life-threatening risk factor, and discontinuation of long-term smoking is

likely to be an indicator of poor health, especially among the elderly.

I) Smoking habits

The questionnaire was designed to accommodate participants' willingness to declare their lifestyle habits,

with possible responses being 'Yes', 'No', 'Refusal', or 'Don't know'. The majority of participants disclosed

their smoking status at the beginning of the study, with only 0.3% having missing information on their

smoking habits. Additionally, it was only one participant (N=1) responded with “Don't know”. An

observational correlation was also noted during the analysis, indicating that participants were less likely to

disclose or complete information on their smoking habits in subsequent follow-up questionnaires. In cases

of incomplete information on smoking habits during follow-up, the missing data was substituted with the

information previously provided in earlier follow-up waves or with the last declared status, when deemed

more appropriate.

Under the long-format data condition, only one participant had never disclosed any information regarding

their ever- and current-smoking status in the generic health module.

II) Vaccinations

The SHARE study recorded information on childhood vaccination during the 2008 and 2012 wave follow-up,

with a response rate of 86.7% from participants. Vaccination is recognized for its role in aiding the immune

system to develop lifelong immunity against speci�c antigens. Although at the time of this analysis the

SHARE study solely tracked childhood vaccination, this preventative medicine variable provided a broad

indication of the societal acceptance and awareness of health priorities related to vaccination. While it may

not be fully representative or serve as a meaningful variable for regression analyses on non-communicable

diseases and causes of death, it does serve as a valuable variable when analyzing gender-driven risk-taking

behaviors. Furthermore, the impact of growing up in an environment where vaccination is not a health

priority may have adverse e�ects on survival in adulthood. The signi�cance of this primary preventative

medicine on mortality risk and long-term survival seems to hold consistently true.

III) Marital Status and Cohabitation

Marital status has been reported as a signi�cant risk factor for longevity among elderly, more speci�cally

married males are likely to enjoy a lower risk for mortality at old age. There was a substantial interest to

introduce variables on partnerships and cohabitation-types during the survival regression analysis, but the

numerous incomplete information at each follow-up wave made it not sustainable for reliable estimation;

93.9% missing updates among survivors at last survival update. If the multivariate regression models were

to contain hidden heterogeneity attributed from variables such as marital status and partnerships, the Cox-
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frailty analysis would present a measurable frailty index. N.B., A measurable frailty index does not

necessarily imply the goodness-of-�t of the assumed frailty distribution.

IV) Comorbidity-types and CODs

Circulatory disease is the primary focus of this study. Participants who self-reported health conditions and

received diagnoses of high blood pressure, high cholesterol, stroke, and heart attack were classi�ed as

patients diagnosed and treated for circulatory diseases. Health conditions declared alongside circulatory

diseases were further categorized based on their respective organ types; for example, diabetes and chronic

kidney diseases were categorized as renal diseases, while asthma and chronic bronchitis were categorized as

respiratory diseases. Cancer was treated as a separate category, regardless of organ type. The majority of

participants reported experiencing at least one of the aforementioned diseases (81.8%), and 32.8% had

succumbed to circulatory-failure causes of death, accompanied by a diagnosed non-circulatory comorbidity.

A total of 6812 participants had at least one instance of inactivity during follow-up participation. In such

cases, updates regarding health conditions were recorded as 'NA' in the tracked and traced event-history

data format. Responses categorized as 'Refusal' and 'Don't know' were grouped together as a collective

category with 'NA' and were not treated as list-wise deletions. This approach aimed to enhance the

statistical power for the semi-parametric frailty analysis; Cox-frailty survival regression.

Upon �nalization of the multivariate Cox-frailty model, the complete-case multivariate Cox-frailty

excluded cancer patients based on transplant criteria. The assumption was that only non-cancer patients

had the potential to undergo graft replacement, o�ering a life-saving opportunity that could delay the

expected ages at death. Consequently, the occurrence of a survival bias would make it challenging to achieve

convergence with a gamma-distributed frailty. It is noteworthy that empirical and simulated population-

based studies have demonstrated that the gamma-distributed frailty best describes the exponential

mortality risk trajectory of human adults.  [20][43][44][45][46][47]  This mathematical concept characterizes

exponential growth and can be validated using a semi-logarithmic scale on the y-axis, resulting in a hazard

shape akin to a logistic-type function. When the gamma-distributed frailty is no longer able to account for

the natural mortality selection process of the population, the mortality dynamics are likely in�uenced by a

force intercepted through a standardized intervention for the ill or an exposure leading to mass

destruction. [38][48][49]

V) Recruitment age and ages at death

All participants' recruitment age, age at death, and vital status at the last follow-up were incorporated into

the Cox models as standard survival variables to adjust for left-truncation and right censoring. The

maximum lifespan attained was 107.1 years (female) and 104.1 years (male). Year of birth was included
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during the strati�cation of the �nal model and was categorized as: 1902-1933; 1934-1945; 1946-1949;

1950-1975. Reference to the descriptive analysis can be found in Table 3. Participants who were lost to

follow-up were excluded. This exclusion also encompassed delayed end-of-life questionnaire module

submission of deceased participants.

Table 1. Multivariate Cox-frailty regression model strati�ed by countries for circulatory-failure CODs. Frailty

component was assumed to be gamma-distributed, categorical year of birth. This model imposed a strict

complete-case for participants must be declared deceased and recorded as death due to circulatory-failure. Renal

disease is the only morbidity with a signi�cant �t to the �nalized model. Childhood vaccination variable was

initially included as a housekeeping variable Supplementary Table S1, but it may not serve inference purpose since

circulatory diseases are not generalized as infectious diseases. 'Don't know/ NA' categories in morbidity-type

were not included in the interactive variable as it provided no convergence for a coe�cient output. Estimates

shown are presented as hazard ratios; HR and its lower and upper con�dence intervals; CI. HRs in bold are

statistically signi�cant; p-value≤0.05. For the exclusion of cancer patients, and the statistical decision on whether

to include respiratory and digestive morbidities in the �nalized model; refer to Table 2. Ref. as reference category,

also known as baseline hazard.
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Table 2. Time-varying multivariate Cox strati�ed by countries and categorical year of birth for circulatory-

failure CODs. Renal disease is the only morbidity that retains its signi�cant interaction with circulatory disease

leading to circulatory-failure deaths. Diagnosed cancer patients do not qualify as a recipient for solid-organ

transplant. Thus, this model has excluded cancer morbidity that had contributed to circulatory-failure deaths.

'Don't know/ NA' categories in morbidity-type were not included in the interactive variable as it provided no

convergence for a coe�cient output. Estimates shown are presented as hazard ratios; HR and its lower and upper

con�dence intervals; CI. HRs in bold are statistically signi�cant; p-value≤0.05. Ref. as reference category, also

known as baseline hazard.
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Table 3. Descriptive table. Characteristics of SHARE participants originating from Wave I-only recruitment.

Variables shown are expressed in crude numbers (N), mean or percentages (%). Information was retrieved from

last survival follow-up. Morbidity-types may not sum up to total count as it is usual for elderly to be diagnosed

for more than one underlying disease. For examples of heterogeneous selection for mortality, smoking status is a

prime indicator for a depleting robust-frail proportion among recruited participants. COD: Causes of death; sd:
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standard deviation. Circulatory COD % is the total number circulatory deaths/ total deaths by cohort, and among

females.
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