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Abstract

In most areas of the world women comprise the majority of older persons (especially
at the most advanced ages), but the additional longevity (globally it is 4.8 years)
women have often comes with poorer health status compared to age-matched men.
This article draws attention to four distinct ways an applied gerontological interven-
tion designed to increase the human healthspan via “rate (of ageing) control” could
positively impact the health and wellbeing of women in today’s ageing world. The
four benefits examined are: (1) improving women’s health in late life; (2) increas-
ing reproductive longevity and improving maternal health, (3) reducing the financial
vulnerability many women experience at advanced ages (especially in the develop-
ing world); and (4) reducing the caring burdens which typically fall, at least dispro-
portionately, on daughters to care for their ageing parents. Highlighting these factors
is important as is helps focus geroscience advocacy not only on the potential health
dividend age retardation could confer on those in late life, but also the distributional
effects on health throughout the lifespan (e.g. improving maternal health) and on
helping to ameliorate other important inequalities (e.g. reducing the financial vul-
nerabilities of late life and easing the burdens on the care givers for ageing parents).
By making vivid the benefits “rate (of ageing) control” could confer on women,
especially in the developing world, the goal of retarding biological ageing can be
rightly construed as a pressing public health priority for the 21% century.
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Population ageing is both a momentous achievement and it presents one of the
most significant challenges to science and medicine in the 21% century. The age-
ing of the world’s populations is a significant success story because it reflects the
enormous achievements that public health has made in reducing early and mid-life
mortality. Humans “had a life expectancy at birth of 30 years of less for more than
99.9% of the time that we have inhabited this planet” (Hayflick, 2000). And now life
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expectancy at birth for a baby born in the world is currently age 73 (WHO, 2021a),
and is expected to rise to age 81 by the end of the century (UN, 2011). In 1970 the
number of persons age >60 was approximately 278 million (Fig. 1) (UN, 2022a, b).
By the year 2020 that number had risen to over a billion people. The World Health
Organization predicts that by 2050 the number of persons age>60 will surpass 2
billion, and 80% of them will be living in low- and middle-income countries (WHO,
2021b). People are surviving into late life, and having less children. The phenom-
enon of population ageing presents a unique challenge to the medical sciences as
saving people from the extrinsic (environmental) risks which cause premature death
(e.g. infectious diseases, poverty, smoking, obesity, violence, climate change, etc.)
is quite distinct from redressing the intrinsic risks that arise because of the inborn
ageing process itself.

October 1* is the United Nation’s International Day of Older Persons, and the
2022 theme was “The Resilience and Contributions of Older Women”. Medical sci-
ence must be innovative in its approach to basic scientific health research if it aspires
to improve the health prospects of today’s ageing populations vs simply increasing
life expectancy by preventing death in late life. Longevity scientists (Comfort, 1969;
Neugarten & Havighurst, 1977; Holliday, 1999; Butler et al., 2008, Rae et al., 2010;
Kaeberlein et al., 2015; Olshansky, 2018; Barzilai et al., 2020, Santesmasses et al.,
2020) have long argued that the development of an applied gerontological interven-
tion which slowed the molecular and cellular processes of biological ageing would
constitute a novel and significant approach to human longevity. Deploying biomedi-
cal science to target the ageing process itself is a novel approach to public health as
the dominant strategy employed by epidemiology over the past two centuries has
been a strategy of disease control.

A specific focus on the potential impact an applied gerontological intervention
would have on women is timely given the 2022 theme of the UN’s International
Day of Older Persons. This article considers the potential impact an ageing interven-
tion could have on (1) women’s health in late life, (2) reproductive longevity and
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maternal health, (3) the financial vulnerability many women experience in later life
(especially in developing countries) and (4) the familial caring duties which typi-
cally fall, at least disproportionately, upon daughters to care for their ageing parents.
These considerations reveal the significance of geroscience for the health and well-
being of the women in today’s ageing world.

Before addressing the specifics of how advances in longevity science could posi-
tively impact the health and wellbeing of women, it is important to first take seri-
ously the ethical and distributive justice concerns that typically arise with respect
to debates in bioethics and public health ethics, such as concerns for intergenera-
tional equality and global justice. Globally, the women of the world live longer than
men. So focusing on the importance of longevity science, especially for women, will
naturally raise the question: “Can we justify trying to extend the lives of those who
have more life already?”

Fair Innings, Empirical Ethics and Longevity Science

A concern some commentators have expressed about aspiring to make further
advances in increasing the human lifespan concerns the potential distributive
impacts, from the perspective of both intergenerational equality and global justice,
on the distribution of community health. These concerns arise when the following
question is posed- can we justify trying to extend the lives of those who have more
life already? The theoretical discussions and debates addressing this general ques-
tion tend to function at an abstract level of analysis, pitting “the haves” against “the
have nots”, such as “saving the young” vs “saving older persons”, and/or “saving
lives in developing countries” vs “saving lives in developed countries”.

To date, these bioethical frameworks and arguments addressing longevity science
have presumed that the strategy deployed to increase the lifespan is one of disease
control. And this raises many intransient predicaments given that realities of both
limited healthcare resources as well as the empirical fact that any reduction, or even
the elimination of, one disease risk for older persons does not reduce or eliminate
the risks of other age-related health vulnerabilities. Eliminating prostate cancer, for
example, does not reduce the risks of lung cancer, or breast cancer, or heart disease
or Alzheimer’s disease. Aspiring to increase further the lifespan of older populations
by prioritizing the strategy of tackling each single disease of late life, one at a time,
exacerbates the problems of distributive equality given the reality of co-morbidity in
late life.

Faced with these predicaments, many different conclusions have been proposed
with respect to addressing the concerns longevity science poses to distributive
equality. Some have argued that biomedical research should not pursue any further
advances in human longevity. The most prominent bioethicist to take this line of
reasoning was Callahan (1998). In False Hopes: Why America’s Quest for Perfect
Health Is a Recipe for Failure he argued:

The average person in good health in the developed countries of the world
(and living in a reasonably safe environment), already lives long enough to
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accomplish most reasonable ends. . . . Neither the human species as a whole,
nor most individuals, need more than the present average life expectancy in the
developed countries (the mid-seventies to low-eighties) for a perfectly satisfac-
tory life. This idea of a steady-state life expectancy at its present level would
establish, happily, a finite and attainable goal: ‘‘Enough, already.”’ (Callahan,
1998)

And Williams (1997, 1999) invokes a “fair innings” principle to help adjudicate
priority setting among health research which would benefit younger vs older per-
sons. This principle focuses on the sum of a person’s past accumulation of health
(their quality adjusted life years (QALYs)) and their expected health related quality
of-life at each year of age in the future. Williams notes that the folklore reference to
“three-score-years-and-ten” (70 years) has been the generally held notion in distrib-
utive justice. And the “fair innings” principle maintains that “on grounds of equity
we want to give some extra weight to the claims of those who are unlikely to achieve
it, and lower weight to the claims of those who have already achieved it or who are
likely to do so” (Williams, 1999).

Bognar (2015) further elucidates the fair innings principle, distinguishing
between consequentialist and fairness-based versions of the principle. What he
refers to as the “utilitarian ageist” version of the fair innings principle relies on
moral sentiments to prioritize the young over older patients in cases like the follow-
ing scenario:

Suppose you have to decide between giving a life saving drug to just one of the
following two patients:

(A) a 20-year old patient who will live for many years if she gets the drug; or
(B) a 70-year old patient who will live for only a few more years if she gets the
drug. (Bognar, 2015)

The moral sentiments activated by such scenarios are amplified by the salient
empirical constraints designed into the thought experiment. For example, in the sce-
nario described above, to elicit “utilitarian ageist” sentiments health is construed of
as a zero-sum situation. In a zero-sum situation giving an advantage to one side is
equivalent to a loss for the other side. The scenario Bognar provides primes “utilitar-
ian ageist” intuitions because we can only save either the young patient or the older
patient, but we cannot save both. Furthermore, the numbers of vulnerable patients
in these two categories are comparable. That is, we are asked to consider the moral
imperative to prioritize a medical treatment that would save either one young patient
or save one older patient versus a scenario (more closely representing today’s ageing
world) where there are significantly more patients at risks of disease in late life than
there are at risk of early-life morbidity and mortality.

When placed in the context of global justice, many these same egalitarian sen-
timents have been expressed as reasons for weighing more heavily the potential
adverse distributional effects additional longevity may have on community health.
Mauron (2005) and Pijnenburg and Leget (2007), for example, argue that the une-
qual death that exists between the developed and developing world presents an ethi-
cal obstacle to pursuing further life extension.
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In contrast to the prevalence of normative principles and theories addressing
the distributive effects of increasing longevity via the strategy of disease con-
trol, there is something of a theoretical lacuna when it comes to addressing the
potential distributive effects of an ageing intervention. The existence of this theo-
retical lacuna is understandable given that, at least historically, the prospect of
successfully intervening in the ageing process was more science fiction than a
likely future medical reality. But today an applied gerontological intervention is
considered not only a feasible medical intervention, but the ultimate form of pre-
ventative medicine by many experts in geroscience (Kaeberlein et al., 2015). This
is the case because slowing biological ageing would have a greater effect on the
quality of life of older persons compared to what could be expected with the ben-
efits yielded by the disease-specific approach to human longevity.

The likely distributional effects of slowly ageing on community health and
wellbeing has not been extensively studied, and thus bioethical analyses of age-
ing research typically presume an ageing intervention is synonymous with an
intervention that extends the lifespan by postponing death via disease control. To
help redress the lacuna in normative theorizing about rate of ageing control, this
article advances an empirical ethics analysis of longevity science by focusing on
the potential impact on women’s health and wellbeing. Empirical ethics has two
central commitments. Firstly, its primary aim is to “improve the context sensitiv-
ity of ethics” (Musschenga, 2005). Secondly, it is an approach to ethics that is
interdisciplinary in its methodology, for it maintains that “intellectually respon-
sible philosophical ethics is one that continuously engages the relevant empirical
literature” (Doris & Stich, 2005).

A focus on the impact an applied gerontological intervention could have on
women’s health and wellbeing facilitates both a contextually-sensitive normative
analysis of longevity science, as well as an interdisciplinary approach. These two
aspects of empirical ethics help ensure that an ethical analysis of longevity sci-
ence attends to contextual realities like the female-male survivor paradox, as well
as the impact ageing has on reproductive longevity and maternal health, financial
wellbeing in late life and the distribution of the caring burdens for ageing parents.
Additionally, empirical ethics will be better attuned to both the limits of the “dis-
ease-control” paradigm of the medical sciences (given the impact ageing has on
the risks of multi-morbidity in late life), as well as the potential to widely diffuse
the benefits of an ageing intervention.

Rather than making the question “Can we justify trying to extend the lives of
those who have more life already?” the central focus of an abstract justice-based
analysis, empirical ethics brings precision to more concrete, relevant and pressing
questions regarding the aspiration to modify the rate of biological ageing. So the
question “Can we justify trying to extend the lives of those who have more life
already?” can be re-framed, once filtered through an empirical ethical analysis of
the impact of longevity science on women’s health and wellbeing, into the more
specific questions:
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1. Can we justify trying to improve the quality of life of older persons by increasing
the humanspan (thus reducing the risks of disease, frailty and disability in late
life)?

2. Can we justify trying to increase reproductive longevity, and improving maternal
health?

3. Can we justify trying the reduce the financial hardships persons typically face in
late life?

4. Can we justify trying to reduce the caring burdens that typically fall on daughters
to care for their older parents?

The arguments presented in this article suggest that there is a strong presumption
in favour of answering “yes!” to all four of these questions.

There is one further point, a critical point proponents of the “fair innings” posi-
tion might raise against the empirical ethical analysis I deploy in this paper, that
is worth addressing. And that critical interjection is to note that, globally, women
live longer than men. Not only do women live longer than men, women also enjoy
more years of healthy life expectancy. According to the World Health Organization’s
“healthy life expectancy (HALE) at birth” estimates (WHO, 2022b), females born
in the world have a healthy life expectancy at birth of 64.9 years, compared to only
62.5 for males. Thus the critic might, reasonably, ask why the empirical analysis of
this article focuses so much on women’s health and wellbeing, when men do not, on
average, live as long as women?

To be clear, the argument advanced in this paper does not deny that there is also
a pressing moral imperative to slow the ageing process in men, just as there is for
women. One could certainly deploy an ethical argument that focused on attending to
the 2.4 year differential in healthy life expectancy for males and females. Tsuchiya
and Williams (2005), for example, do this. But deploying such an argument would
be of more limited use, in terms of illustrating the different societal benefits of
slowing biological ageing (e.g. for reproductive health, reducing the burdens of
caregiving for older parents, etc.). So there are compelling reasons, from a gerosci-
ence advocacy perspective, for drawing specific attention to the diverse benefits an
applied gerontological intervention would offer women.

Furthermore, because men already enjoy more socio-economic benefits and
opportunities than women, making the lower health prospects of men the primary
focus of a normative analysis of longevity science risks conflating an egalitarian
concern for health with a concern for equality of overall wellbeing. The latter is a
much more significant, multifaceted and complex issue than health alone.

Egalitarian advocacy has been shown, at least in some contexts, to actually
increase ageism (Martin & North, 2022). And advocates of geroscience should con-
sider this when framing the benefits of an ageing intervention and advocating for the
field. In their study of “egalitarian advocacy” Martin and North (2022) define the
term as compromising a motivation to take action and enact equality-based change.
And their study found that, while egalitarian advocacy helps reduce sexism and rac-
ism, it predicts greater likelihood to support “Succession”-based ageism. That is,
the belief that older adults should step aside to free up coveted opportunities. Robert
Butler, the first director of the NIH’s National Institutes of Aging, coined the term
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“‘ageism’’ in 1969, which means a systematic stereotyping of, and discrimination
against, people because they are old.

Martin and North (2022) found that egalitarian advocates endorse less prejudice
toward, and show more support for, women and racial minorities, but harbor more
prejudice, and show less advocacy for, older individuals. If the benefits of longev-
ity science are construed as something that only likely benefits rich old men, for
example, then the moral justification for increasing lifespan will not be persuasive
in a world with stark health inequalities. By contrast, by highlighting the diverse
ways geroscience could improve the health and wellbeing of women throughout the
lifespan, rate (of ageing) control is more likely to be construed as an important and
morally laudable public health strategy for today’s ageing populations.

Two Approaches to Human Longevity: Disease Control vs Rate (of
ageing) Control

Longevity scientists have identified two broad strategies for increasing the lifes-
pan. The gerontologist Comfort (1969) described these two different approaches to
human longevity as follows:

Science can be expected to affect human longevity favourably in two quite
distinct ways. It already does so by suppressing causes of premature death,
through the repertoire of applications which now render our lives less nasty,
brutish and short than they would otherwise be. It could also affect longevity
by postponing the process which causes our liability to disease and death to
increase logarithmically with time. The first of these two influences already
means that in privileged countries more and more people reach the so-called
“specific age” (75~80 years), but it has not altered that age appreciably. The
second, which is now in the stage of active research, would aim at postpone-
ment or slowing of ageing itself.

This same distinction was also noted by Neugarten and Havighurst (1977) when
they argued, in Extending the Human Life Span: Social Policy and Social Ethics,
that two strategies for lengthening the lifespan were being pursued by scientists. One
strategy they described as the continuing goal of conquering disease. By contrast
the second strategy attempted “to identify the intrinsic biological processes that are
thought to underlie aging... then to alter the biological clock that is presumably pro-
grammed into the human species” (1977). This second approach they referred to
as “rate control”, in contrast to the first strategy which they described as “disease
control”.

More recently Carnes et al. (2003) made a similar distinction when describing
two different two ways of manufacturing survival time: (1) by reclaiming survival
time by reducing avoidable mortality (e.g., death from starvation, malaria, accident,
cancer, heart disease, etc.); and (2) reclaiming survival time by extending the bio-
logical warranty period- that is, the period of time when intrinsic failures of our
biology are not expected. In their extensive cross-cultural examination of longev-
ity in hunter-gatherers, Gurven and Kaplan (2007) conclude that “human bodies are
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designed to function well for about seven decades in the environment in which our
species evolved.” Within this seven decade period of time humans could, if they
escaped the extrinsic threats to their lives, reach sexual maturity, produce and nur-
ture their offspring. And Gurven and Kaplan estimate that, for at least one-fourth of
the adult population living in such conditions (e.g., with no sanitation, immuniza-
tions, or medicine), they likely lived 15-20 years as grandparents. The biological
warranty period of approximately seven decades is not selected for; rather, it is an
“inadvertent by product of evolutionary neglect, and genetic programs for growth,
development and reproduction” (Carnes et al., 2003).

The disease control strategy (see Box 1), first developed in the 19" century, prior-
itizes mitigating the proximate risk factors of infectious diseases like cholera, small
pox, polio, diphtheria, dysentery, HIV/AIDS, malaria, COVID-19 etc. The prudence
of such a strategy is evident by considering, for example, the leading causes of death
for females in the year 1900. In the year 1900 life expectancy at birth in the United
States (for all races, both sexes) was age 47.3 (CDC, 2010) and the top three lead-
ing causes of death for females were pneumonia and influenza (198.5 per 100,000),
tuberculosis (187.8 per 100,000), and enteritis and diarrhea (134.9 per 100,000)
(Hahn et al., 2018). A century later none of those infectious diseases remained lead-
ing causes of death for females in the United States. But what replaced the top three
leading causes of female mortality in the United States? By the year 2010 the fol-
lowing three chronic diseases were the leading causes of female mortality- heart
disease (184.9 per 100,000), all cancers (168.2 per 100,000), and stroke (49.1 per
100,000) (Hahn et al., 2018). The shift in the leading mortality causes for females
in the United Statues over the course of the twentieth century is indicative of the
shift in global mortality for the twenty-first century. Namely, a shift from infectious
diseases as the leading cause of death early in life to chronic disease death in later
life, and this is one of the significant health challenges facing developing countries
in the foreseeable future. This is so because ageing is the major risk factor for all the
chronic diseases that cause most death among women today in the developed world.

Box 1: Two Strategies for increasing human longevity

1. Suppressing causes of premature death via disease control.

The primary public health measures of disease control have involved mitigating the proximate causal risk
tactors of infectious diseases through the provision of clean drinking water, vaccinations, bed nets,
condoms, improvements in material prosperity; as well as the proximate risks of chronic diseases via
smoking cessation, healthy diet, regular physical activity, etc.

2. Increasing the human heathspan via rate (of ngeing) control.

At this stage this strategy is still tentative, though the TAME (Targeting Aging with Meformin) trial is the
first FDA approved clinical trail to assess whether the diabetes drug metformin- a pharmacological
intervention that has been safely used to help control type 2 diabetes for decades- has an effect on age-
related diseases.

The public health strategy of disease control that was successful in mitigating
the early-life mortality of infectious disease was also applied to the most prevalent
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chronic diseases, like cancer, heart disease and stroke, as well as other prevent-
able forms of injury, disability and death (e.g. motor vehicle accidents, gun vio-
lence, etc.). While genuine progress has been made, and continues to be made, with
reducing mortality by targeting the proximate causes of chronic diseases like can-
cer (e.g. tobacco, unhealthy diet, etc.), the disease control strategy faces significant
challenges as the world’s populations age. As Olshansky notes (2018), “finding a
cure for one of the late onset diseases like cancer can mean that more debilitating
diseases can become more prevalent because the hazard in old age is not so much
that one disease displaces another but that the new diseases are often much more
debilitating”.

Unlike a cure for one specific disease of late life, an ageing intervention would
be a unique and significant biomedical advancement if it can safely, cheaply and
effectively increase the human healthspan, that is, “the period of life spent in good
health, free from the chronic diseases and disabilities of ageing” (Kaeberlein, 2018).
Olshansky (2016) describes the concerted and coordinated effort to accelerate the
pace of translation from the basic biology of ageing into clinic interventions that
improve quality of life at all ages, but especially at older ages, as the Longevity Div-
idend Initiative Consortium.

The goal of slowing biological ageing is the aspiration of the field of science
known as “biogerontology” or, more recently, “geroscience”. Geroscience is “an
interdisciplinary scientific field of inquiry which strives to understand how age-
ing enables chronic disease and seeks to develop novel multi-disease preventative
and therapeutic approaches” (Kennedy et al., 2014). This article details the reasons
why geroscience ought to be considered an integral scientific priority for promoting
women’s health and wellbeing. By emphasizing the unique health, economic and
societal benefits age retardation offers the women of an ageing world the case for
targeting biological ageing can be more persuasively made as a significant scientific
priority for the twenty-first century.

Women'’s Health and Advanced Age

With global declines in early and mid-life mortality, the world’s populations are
now surviving into advanced age. Significant improvements in public health- rang-
ing from sanitation, vaccinations, the provision of maternal healthcare and advances
in neonatal medicine, to increases in material prosperity and changes in behaviour-
have helped to reduce many of the most common causes of early and mid-life mor-
tality. From 1990 to 2020, for example, the global under-5 mortality rate dropped
by 60%, from 1 in 11 children dying before reaching age 5 in 1990, to 1 in 27 by
the year 2020 (WHO, 2022a). A consequence of the success in preventing early and
mid-life mortality is that the inborn ageing process emerged as the major risk factor
for disease and death in developed countries (Harman, 1991) and this is expected to
apply globally as the populations of low- and middle-income countries survive into
later life. Most of the 2 billion persons over age 60 by the year 2050 will be living in
the developing world.
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A focus on women’s ageing processes is particularly important as women live
longer than men in most areas of the world, and comprise the majority of older
persons, especially at more advanced ages (Kerr, 2021). The longevity advantage
women have over men is evident by many measures, and is present in many distinct
cultural settings. The United Nation’s World Population Ageing 2019 Report notes
that, at the global level, in 2015-2020, women’s life expectancy at birth exceeded
that of men by 4.8 years. And the female advantage in average longevity is larg-
est in Latin America and the Caribbean (6.5 years), Europe and Northern America
(6.1 years), and Eastern and South-Eastern Asia (5.3 years) (UN, 2019). Alberts
et al. (2014) contend that there is strong evidence that “female survival advantage is
a typical feature of nearly all human populations for which such vital-statistics data
are available”.

Furthermore, at the most advanced ages (age>110) women far outnumber men
in terms of survival. Of the 53 supercentarians that were alive in the year 2015,
51 were female (Dulken & Brunet, 2015). The oldest person ever recorded with a
valid birth record was Jeanne Calment, who lived to be 122 years old (Robine et al.,
2019). By contrast the longest-lived man was Jiroemon Kimura, who lived to age
116 (Gondo et al., 2017). And while male centenarians (age > 100) are far fewer in
number than female centenarians, male centenarians tend to have significantly better
cognition and physical function that their female counterparts (Terry et al., 2008).

Unfortunately the longer life expectancy enjoyed by women are not additional
years composed of only healthy years of life. On the contrary, compared with age-
matched men, women tend to have poorer health status (i.e., they are more frail)
(Collard et al., 2012; Gordon & Hubbard, 2020; Higg & Jylhédvd, 2021). Frailty
can be defined as “a state of vulnerability to poor resolution of homoeostasis after
a stressor event and is a consequence of cumulative decline in many physiological
systems during a lifetime” (Clegg et al., 2013). Alberts et al. (2014) conclude that
“research on contemporary populations generally suggests that men are physically
stronger, report fewer diseases, and have fewer limitations in the activities of daily
living at older ages than women”.

This phenomenon is known as the “male—female health-survival” paradox. There
are many different potential explanations for the male—female health-survival para-
dox, which include biological, social and psychological factors. Oksuzyan et al.
(2008), for example, contend that this paradox is likely due to multiple causes,
which include fundamental differences between the sexes (such as genetic factors,
immune system responses, hormones, and disease patterns), behavioral differences
such as risk-taking and reluctance to seek and comply with medical treatment, and
methodological challenges, such as selective non-participation and under-reporting
of health problems, and delayed seeking of treatment by men. And in their study of
disability among persons age 85+, Kingston et al. (2014) conclude that the disabil-
ity-survival paradox is still evident in the very old and appears due to sex differences
in the types and impacts of disease.

Because the longevity survival that women enjoy over men is associated with
poorer health status for women, the imperative to increase the “healthspan” via an
ageing intervention is an even more urgent one for the women of today’s ageing
world given that “women in modern societies can expect to live nearly one-third
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of their adult lives in a postreproductive state” (Austad, 1997). The empirical basis
for believing that age retardation could delay and potentially compress diminished
health status in advanced age comes from ageing studies in animal models as well
as studies on the health status of exceptionally long-lived humans, such as cente-
narians ((age>100),) and supercentenarians (age>110). In their study of survival,
disability and morbidity among centenarians (age 100-104 years), semisupercente-
narians (age 105-109 years), and supercentenarians (age 110-119 years) Andersen
et al. (2012) observed that the older the age group, generally, the later the onset
of diseases, such as cancer, cardiovascular disease, dementia, and stroke, as well
as of cognitive and functional decline. As the limit of human life span was effec-
tively approached with supercentenarians, compression of morbidity was generally
observed. An ageing intervention that enabled most people, and especially women,
to age more like supercentenarians age would mean more years of healthy life could
become the norm, as well as a compression of morbidity in late life. This is a mor-
ally laudable aspiration for the medical sciences of an ageing world.

Reproductive Longevity and Maternal Health

Population ageing is driven by the dual empirical realities that persons are liv-
ing longer and the global birth rate is declining. Global fertility declined from 3.2
live births per woman in 1990 to 2.5 in 2019 (Fig. 2). The United Nation’s (UN,
2020) World Fertility and Family Planning 2020: Highlights predicts that global fer-
tility will continue to decline this century, reaching 1.9 by the year 2100. This would
be below the “replacement level fertility” of an average of 2.1 children per woman.
In the United States, the average age of first birth increased from age 21 in 1970
to 26.9 in 2018, and the proportion of women having their first child after age 35
increased nearly 10-fold since 1970 (Llarena & Hine, 2021).

Other specific aspects of the biology of ageing that are of particular importance
to women’s health, that go beyond the general age-related health risks of disease,
frailty and disability in late life, concern both reproductive longevity and maternal

Global number of live births per woman

35
3
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Replacement level 5 — >
fertility (2.1 live births)
15
1
0.5
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Fig.2 Declining Global Fertility
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health. In the twentieth century the female life expectancy in developed countries
increased by 30 years but this did not prolong the fertile years of women (Brody
et al., 2000). Within an evolutionary framework, ageing and reproduction are intrin-
sically linked (Levine et al., 2016). Biological ageing eventually reduces both fertil-
ity and maternal health, and these empirical realities amplify why geroscience is so
important to the women of an ageing world.

Most (though not all) women desire to have children they are biologically related
to, and, like in the US, the average age of mothers having their first child is getting
older in many countries. This trend is also occurring in developing countries, as the
level of girls’ education is positively associated with the time of reproductive events
like the mean ages at first birth and first marriage (Bongaarts et al., 2017). Biologi-
cal ageing influences fertility, maternal health and the health of potential offspring.

With respect to fertility, for example, a woman that is younger than age 30 has
an 85% chance of conceiving within a year of trying, and this is reduced to 75%
at the age of 30, to 66% at the age of 35 and 44% at the age of 40 due to the effect
of ageing on the ovary and eggs (Delbaere et al., 2020). Furthermore, as Peterson
et al. (2012) note, there is a growing body of research indicating that many peo-
ple, especially women pursuing higher education (Lampic et al., 2006; Virtala et al.,
2011), underestimate the impact aging has on fertility. And many women errone-
ously believe that IVF can overcome the effects of ageing (Maheshwari et al., 2008).

In the year 1900 the maternal mortality rate in the US was approximately 850
per 100,000 births, and over a century later in most high income countries approxi-
mately 10-20 per 100,000 women died in conjunction with childbirth, almost a
99% reduction due to modern medicine (Goldenberg & McClure, 2011). However,
pregnancy among older mothers is accompanied by a higher incidence of pregnancy
complications (e.g. failure to progress in labour, postpartum haemorrhage) that can
endanger the health of the prospective mother. When compared to women under age
40 there is an overall increased risk of maternal mortality (Garcia et al., 2022).

Furthermore, in women 35 years and older the incidences of aneuploidy and birth
defects dramatically increase (Llarena & Hine, 2021). Maternal age increases the
risk of chromosomal disorders in offspring. For example, the risk of Down syn-
drome is estimated to be 0.87 per 1000 live births for the maternal age group 25-29,
and this risk rises to 4.58 for the maternal age group 35-39, and 15.71 and 33.50,
respectively, for the maternal age groups 40-44 and 4549 (Moorthie et al., 2018).

Llarena and Hine (2021) explore geroscience approaches to maintain long-term
ovarian fitness. Caloric restriction (CR), for example, has been studied for decades
in a variety of species (like mice) and extends lifespan by altering the rate of bio-
logical ageing. CR induces stress response pathways in organisms, which results in
longer life by slowing the rate of molecular and cellular decline. Llarena and Hine
(2021) cite studies (Li et al., 2015; Selesniemi et al., 2008) of CR in mice when
noting that CR increases ovarian reserve, improves oocyte quality, and prolongs the
reproductive life span in mammals. CR is unlikely to be a feasible and safe public
health intervention to retard primary ageing in humans. But geroscience is explor-
ing a variety of molecules that may mimic the health benefits of CR. Two promis-
ing candidates are rapamycin and metformin, and both may improve reproductive
longevity.
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Rapamycin is a macrolide compound that has been used as a drug to help pre-
vent the rejection of transplanted organs for patients undergoing organ transplant.
But recent experiments have found that consuming rapamycin can extend lifespan,
including in mammals. Many studies have shown that rapamycin increased the lifes-
pans of male and female mice and these studies on mouse data “demonstrate that
this molecule is effective in preventing, even reversing, a broad rage of age-related
conditions and thus warrants being described as an “anti-ageing” intervention”
(Selvarani et al., 2021). Short-term rapamycin treatment in young and middle-aged
female mice was shown to increase ovarian lifespan (Dou et al., 2017).

Metformin has been safely utilized as a pharmacological intervention to help
control type 2 diabetes for decades. In experiments on animals, metformin has been
shown to slow ageing and exerts its therapeutic effects “through a number of mecha-
nisms and physiological pathways that resemble those generated by caloric restric-
tion” (Novelle et al., 2016). Because of its low cost and proven safety over many
decades, metformin is among one of the top candidates for a likely first-generation
of applied gerontological interventions. TAME (Targeting Aging with Meformin) is
a clinical trial to test the drug metformin as a safe and effective intervention against
several age-related diseases (Barzilai et al., 2016; Kulkarni et al., 2022).

With respect to metformin’s potential to positively impact ovarian ageing, Llar-
ena and Hine (2021) conclude that further research is needed, though they do note
that metformin has been shown to safely and effectively improve ovulation rates in
the polycystic ovarian syndrome population, and increasing evidence demonstrates
safety during the first trimester of pregnancy (Penzias et al., 2017). However studies
on metformin’s impact on the reproductive longevity of mice have been conflicting.

Economic Vulnerability and Familial Caring Duties

Improving the health of women in later life is also an economic, as well as public
health, imperative. In most societies, but especially developing countries, a person’s
financial security is linked to their ability to work in paid employment. “In many
countries, the absence of social protection systems with high coverage and adequate
benefits means that a person’s assets and savings, when savings exist, are usually not
sufficient to guarantee adequate income security until the end of their lives” (UN,
2022a, b). Suffering the disease, frailty and disability of late life often imposes eco-
nomic hardship and vulnerability on older populations. And because women have a
longevity advantage over men, and this additional survival is associated with poorer
health status for women in terms of frailty and disability, an ageing intervention that
helped expand the healthspan of women could improve the economic situation of
women by delaying and compressing the amount of time they are most economically
vulnerable in the post-reproductive stage of the lifespan.

Another societal benefit of retarding ageing, which would confer significant ben-
efits on women in particular, concerns the expected decline in the familial caring
burdens that would be associated with delaying and compressing the disease, frailty
and disability of late life. The combination of increasing life expectancy and the
legacy of patriarchal practices concerning the unpaid care labour daughters are still
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expected to provide to their ageing parents means that millions of women in the
world today provide a disproportionate amount of the (unpaid) care for their ageing
parents.

Worldwide, nearly 70% to 80% of the impaired older persons are cared for at
home by family members, and varying estimates across different countries indicate
that the majority of all caregivers of older persons are women (Sharma et al., 2016).
A recent US study of caregiving to older parents found that sons provide relatively
less care to their own parents if they have sisters, whereas daughters provide rela-
tively more care if they have brothers (Grigoryeva, 2017). Grigoryeva (2017) esti-
mated that, on average, daughters provide 13.6 h of parent care per month, compared
to sons’ 5.9 h, which means daughters spend more than twice as much time provid-
ing care to parents than do sons. Furthermore, the study also found that daughters
will likely provide more care to mothers than sons will to fathers. Given that women
survive longer than men this means that a disproportionate share of parental car-
ing duties for older persons will typically fall upon women, especially in develop-
ing countries where less people can afford to pay for long-term care. Increasing the
human healthspan would reduce the burdens of care for ageing parents, and this
would help abate the gender inequality of these caring burdens as well as permit
women to spend that time instead on other activities which could be beneficial to
them, such as paid employment or leisure activities (which women have less time for
than men (Codina & Pestana, 2019)).

Conclusion

Science advocacy is an integral part of the scientific enterprise, public health and
democratic politics. Such advocacy influences the share of public funding distinct
areas of scientific research are allocated (e.g. research on ageing vs Alzheimer’s
disease) and the public health measures mandated (e.g. quarantine, wearing of face
masks when indoors, immunizations) or encouraged (e.g. smoking cessation, con-
dom use, diet and lifestyle) by the government. When scientific advocacy is cred-
ible and transparent, it can be both an expression of, and instrument for, civic stew-
ardship by enabling democratic societies to better harness the benefits of science to
realize a better future for everyone.

The philosopher of science Kitcher (2004) endorses this inclusive vision of sci-
ence when he argues that “responsible biology” entails that scientists have an obli-
gation to reflect on the ends, and not just the means, of scientific research and to
conceive of themselves as artisans working for the public good. Advocating for the
disease control approach to human longevity easily coheres with Kitcher’s ideal of
“responsible biology”. The aspiration to cure cancer, for example, epitomizes the
ideal of scientists as artisans working for the public good (Farrelly, 2021a, b). In
1971 US President Richard Nixon asked for an appropriation of an extra $100 mil-
lion to launch the so-called “war on cancer”. At the time cancer was the second
leading cause of death in America. Half a century later and the 2021 annual budget
for the National Cancer Institute had grown to $6.35 billion dollars (National Cancer
Institute, 2022) and cancer still remains the second leading cause of death.
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There is a legitimate egalitarian concern to address in terms of the opportunity
costs of prioritizing the goal of rate (of ageing) control over the continued focus on
disease control. Medical resources, including funding for basic scientific research,
are limited. If the goal of accelerating the pace of translation from basic biology
of ageing into clinic interventions that slowed ageing diverted the limited funding
committed to tackling early onset health disadvantages this would exacerbate the
existing inequalities between the vulnerable young and older persons. I believe this
would constitute an injustice. But that is not what the strategy of the Longevity Divi-
dend Initiative (Olshansky, 2016) proposes, as its focus is on diverting some of the
attention and resources currently invested into research on the specific diseases of
late life (like cancer and Alzheimer’s) into the major risk factor for all of those con-
ditions. This would mean that, at least in the short and medium term, some of the
funding committed to pursuing novel therapeutics for specific diseases and condi-
tions that occur in late life ought to be diverted into research that targets ageing itself
as a form of preventative medicine against the current health vulnerabilities of late
life.

Pursuing further lifespan extension for older populations via disease control will
yield diminishing health dividends because a new treatment for one specific disease
of ageing does not reduce the other risks of multi-morbidity in late life. The longer
we live, the greater the influence on disease expression (Olshansky, 2016). If an
applied gerontological intervention can be developed that delayed and compressed
the morbidity, frailty and disability of late life, then the current strains placed on
health care resources and basic scientific research could be dramatically reduced.
And this would enable more resources to be invested in mitigating early life mor-
tality and morbidity risks. It is important to acknowledge that slowing the rate of
biological ageing would not of course be a panacea for all diseases or a solution to
health inequalities. The social determinates of health like education, employment,
social inclusion, and housing, for example, would remain critical for achieving more
equitable health outcomes for the global population. And egalitarian advocates are
justified in raising the concern over how accessible an ageing intervention is likely
to be, both to the poor in rich countries and to the global poor. The cost and acces-
sibility of such an intervention will depend largely on the kind of technology it is. If
such an intervention required genome editing in a world-class medical facility with
specialized surgeons, for example, then the obstacles to ensuring the fair diffusion
of the technology would be very significant. The encouraging news is that a fertile
source for therapies slowing ageing is FDA approved drugs whose safety has been
investigated (Snell et al., 2016). Repurposed drugs that have been in existence for
many decades will be off-patent (which means they can be developed at a fraction of
the original costs) and have an extensive track-record for safety.

Like the COVID-19 vaccines, an “anti-ageing drug” would be a critical public
health intervention that all persons in the world should have access to. Rather than
object to an ageing intervention on the grounds that it will exacerbate inequality, the
more appropriate response would be to recognize how important an ageing interven-
tion is to the public health of the world’s ageing populations and champion both its
development and its fair diffusion. The four ways ageing impacts women identified
in this article- the existence and persistence of the “male—female health-survival”
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paradox, fertility and maternal health, the economic vulnerability of women in late
life (especially in developing countries), and the caring burdens which typically fall
(at least disproportionately) on daughters to care for their ageing parents- ought to
buttress geroscience’s prominence as an important instrument in promoting equal-
ity. This article has detailed the empirical bases for supporting this conclusion by
emphasising the impact an applied gerontological impact could have on the nearly 4
billion girls and women currently alive.
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