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Keywords: Research on how to slow, halt, and reverse aging processes is making progress. Pharmaceutical,
E“Freprene“mhip big-tech, and venture capital companies and their owners are making considerable investments in
Aging potential (epi)genetic, molecular, cellular, and organ-based interventions and therapies. This
Longevity essay considers implications for entrepreneurship in the case that such interventions would
Future . . .

Healthspan eventually result in a doubling of the human healthspan. A vastly extended middle age would

imply potential changes in opportunities, the future time perspective of entrepreneurs, the pace of
time as experienced by entrepreneurs, and the relationship between age and entrepreneurial
success. The essay also outlines a range of wider considerations. The final section ties the essay
together by discussing how entrepreneurship scholarship can help move the longevity domain
forward.

1. Introduction

Entrepreneurship, time and aging are profoundly connected. Whether defined as the creation of new value, new products or
services, new combinations of resources, or new ventures, the entrepreneurial process is geared toward novelty (McMullen and Dimov,
2013; Wood et al., 2021). As such, entrepreneurship is inseparably connected to time. Firstly, opportunity, “the core construct staked
out by the entrepreneurship discipline and not claimed by any other” (Wright and Phan, 2020, p.297), is characterized by time. An
opportunity refers to a possibility, and may or may not come to fruition (Shane and Venkataraman, 2000); once the opportunity is
realized, we cease to refer to it as opportunity. Furthermore, change brings about opportunities, whether these changes are techno-
logical, cultural, environmental, social, or of any other type (Davidsson et al., 2020). Change intrinsically involves time, as changes can
only take place over time. Opportunities also have time windows, referring to the idea that the opportunity is not present before the
window opens and after it closes (Harvey and Evans, 1995). Secondly, entrepreneurship is not a single act that takes place in a single
moment, but rather represents a journey that takes place in time (L.évesque and Stephan, 2020; McMullen and Dimov, 2013). Although
scholars debate entrepreneurship’s beginnings, endings, and the phases it goes through in between, it is agreed that entrepreneurship
is a process that unfolds in time (McMullen and Dimov, 2013). Being a time-bound process, time-related dimensions play an important
role. For example, entrepreneurial actors differ in future time perspective, both within and between ventures and industries, in terms of
whether they are focused on the long-term, short-term, merely surviving the present, or enjoying the present (Bluedorn and Martin,
2008). Furthermore, entrepreneurial processes can have different speeds, both within and between ventures and industries, with actors
each operating at a different pace (Wood et al., 2021). Pace also refers to timing, as entrepreneurs may have to speed up or slow down
to find the right moment to start, to end, and take any actions in between (Clydesdale, 2009). Thirdly, the passing of time itself affects
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entrepreneurs themselves. This is considered to be so important that age is included in any research design that involves entrepre-
neurial individuals, whether qualitative or quantitative. Age is regularly considered as the topic of study in its own right, since age is,
among others, related to changes in motivation, cognitive functioning, and the accumulation of financial, social, and human capital
including entrepreneurial experience (Zhao et al., 2021).

This essay presents a thought experiment (Folger and Turillo, 1999) exploring how developments in aging research and its com-
mercial application may impact entrepreneurship. In the hypothetical case that people would stay in good health until age 120, how
would this affect entrepreneurship? This essay considers implications for the key topics mentioned above in the relation between
entrepreneurship and time and aging. A field collectively referred to as the longevity domain (Kaminskey, 2023) is devoted to making
that hypothetical case a reality. It is focused on understanding aging processes and the development of interventions and therapies that
can delay, arrest, or reverse aging. The last two decades have seen significant advances (Campisi et al., 2019; De Magalhaes et al.,
2017; Gonzalez-Freire et al., 2020; Lopez-Otin et al., 2023; Ramakrishnan, 2024). For example, scientists have discovered genes
associated with longevity, called Yamanaka factors (Takahashi and Yamanaka, 2006). By having these genes induce pluripotent stem
cells to reverse to earlier forms, scientists have successfully reversed the biological age of mice (Yang et al., 2023). Inspired by scientific
advances such as these, pharmaceutical, big-tech, and venture capital companies and their owners have made considerable in-
vestments in potential (epi)genetic, molecular, cellular, and organ-based interventions and therapies. Angel investors, including
several high-profile billionaires, have also invested in anti-aging technologies (Kennedy, 2023; Kim, 2023; Sample, 2022). As such,
entrepreneurship drives developments by investing in aging research and developing products and services based on this research.

Aging research and its commercial application are not only making progress, but are also increasingly understood as relevant in the
context of the aging of the population taking place in many countries, and the rising costs for care that come with it. Aging and aging-
related diseases share a common set of basic biological mechanisms (Franceschi et al., 2018; Lopez-Otin et al., 2013; Ramakrishnan,
2024). As such, age is a primary risk factor for prevalent diseases such as cancer, cardiovascular disease, Alzheimer’s, and Parkinson’s
(Keshavarz et al., 2023; National Cancer Institute, 2024; Niccoli and Partridge, 2012; Ramakrishnan, 2024). For example, in the United
States, the probability of developing cancer within the first 5 decades from birth to age 49 is 1 in 29, and 1 in 3 in the age group 65-84
(U.S. data, Siegel et al., 2024). Separate cures for aging-related diseases will do little to increase the human healthspan, as the same
aging processes will cause other aging-related diseases to appear or the same disease to return (Olshansky, 2013). Therefore, aging
research has the potential to extend health and reduce the prevalence of comorbidities over the lifetime (Goldman et al., 2013; Fontana
et al., 2010; Longo et al., 2015). It is unknown whether and when this potential will be realized. But with aging populations facing
increases in suffering of illness and costs of care, the urgency of aging research and its application will continue to grow.

In the next section, I will provide an overview of longevity research and its applications, a field collectively referred to as the
longevity domain. This includes descriptions of how entrepreneurship contributes to developments in aging research and its com-
mercial application. However, the primary focus of this essay is a thought experiment exploring effects in the opposite direction,
presented in section 3. If people were to stay in good health for much longer, how would this affect entrepreneurship? This essay
explores implications for entrepreneurship in the hypothetical case that scientists and their entrepreneurial ventures and backers
would one day succeed in having people stay in good health twice as long. While what entrepreneurs do - to discover, create, evaluate,
and exploit opportunities to produce future solutions to solve existing problems (Van Gelderen et al., 2021) — may not change, having
additional time will have implications for entrepreneurship’s inputs, processes, and outcomes. Respectively, the essay discusses op-
portunities, time-related dimensions of the entrepreneurial process (future time perspective and pace of time), and the relations be-
tween aging and entrepreneurial success. A doubled health span would not only affect entrepreneurship, but would have wider
ramifications, some of which are considered in section 4. Here, the essay discusses new phases in what would be an extended middle
age; changes in the meaning and function of the last life phase; changes in health beliefs; implications for sustainability; and the
emergence of new forms of inequality and the reproduction of old ones. Finally, section 5 ties the essay together by discussing how
entrepreneurship scholarship can help move the longevity domain forward.

The thought experiment presented in this essay provides multiple contributions. As Wiklund et al. (2019b) stated, relevant research
pursues research questions with impact, and impactful research often raises questions with long-term horizons. By looking into the role
and form of entrepreneurship given a future development, entrepreneurship scholars can consider and debate the consequences of such
developments. By anticipating consequences in advance, entrepreneurship scholars can help students, policymakers, businesses, and
entrepreneurs make informed decisions. Understanding potential future technologies can help the actors involved to anticipate their
societal impact. By envisioning possible scenarios and understanding potential responses, they can better prepare for what might come
and make choices today that will improve outcomes in the future (Giimiisay and Reinecke, 2022; Munoz and Dimov, 2023; Van
Gelderen et al., 2021). The main aim of a future-focused essay such as this, however, is to be generative (Munoz and Dimov, 2023).
Rather than aiming to predict correctly or exhaustively what will happen, it aims to provoke novel and additional thinking in the
reader.

2. Aging research: drivers and applications

This section is mostly descriptive and provides the reader with a background on current developments in aging research and its
application. Section 2.1 provides a general overview of what is termed the longevity domain (Kaminskey, 2023). After that, some
topics are discussed in more depth. In section 2.2, I will discuss a range of drivers of aging research and its commercial application. I
will then focus on aging research itself. I will first discuss measures of biological age. Then, I will describe the hallmarks of aging
(Lopez-Otin et al., 2013), a framework that is commonly invoked when describing the processes involved in aging. In the subsequent
section, I focus on applications of aging research, describing some prominent anti-aging therapies and interventions that are currently
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developed, and associated entrepreneurial ventures. Finally, this section discusses the likelihood of a radical healthspan extension and
the role of entrepreneurship therein. The thought experiment that follows in section 3 can be understood without reading section 2 in
full. If a reader wants a big picture overview as opposed to a deep dive into the longevity domain, reading sections 2.1, 2.2 and 2.6 may
suffice.

2.1. The longevity domain

Actors in the longevity domain have as their primary focus the prevention, slowing, and reversal of aging processes, with the
ultimate aim of prolonging the healthspan: the number of years spent in good health. They share the belief that it is inefficient,
ineffective, and thus costly to treat diseases separately, as long as the aging processes that ultimately set the conditions for those
diseases continue to operate and make the original disease return or other age-related diseases emerge (Kaminskey, 2023). The domain
is predominantly not focused on achieving immortality, but rather to reduce and prevent suffering by compressing and delaying the
period in which aging-related diseases arise, and conversely, to promote the well-being that arises from living healthily throughout the
lifespan. The domain goes by various names, such as longevity, geroscience, and anti-aging. It comprises a broad spectrum of research
institutes, agency groups, nonprofit organizations, venture capitalists, research companies, news websites, and biotechnology com-
panies, with many organizations taking multiple roles (Kaminskey, 2023). Starting with research, leading research institutes include
the Buck Institute for Research on Aging, the National Institute on Aging, the Salk Institute for Biological Studies, and the Max Planck
Institute for Biology of Aging. Private companies also engage in basic research on aging, for example, Alphabet’s Calico. Several
nonprofit organizations fund aging-related research, provide data and analysis, engage in agency activities (such as lobbying for
funding), disseminate information, organize conferences, and invest in biotech companies. They often engage in more than one of
these activities. Examples are the Forever Healthy Group, the Methusaleh Foundation / SENS, the Deep Knowledge Group, and the
UK’s Biogerontology Research Foundation. Examples of dedicated news websites are www.longevity.technology and www.lifespan.io.
A record of companies that work on aging can be found at https://whoswho.senescence.info/companies.php. Longevity biotechnology
companies are defined by Boekstein et al. (2023, p.1053) as “organizations that develop and test therapeutics to test the geroscience
hypothesis — the idea that, because aging physiology influences many chronic diseases, directly targeting fundamental mechanisms of
aging will ameliorate, reverse, or prevent multiple age-related chronic diseases.” Section 2.5 Anti-aging therapies and their commer-
cialization will provide several examples of longevity biotech companies. Numerous venture capital (VC) companies invest in these
companies, with some VCs being exclusively dedicated to the longevity domain; for example, Kizoo, and the Longevity Fund. A recent
initiative is the Hevolution Foundation, a Riyadh-based non-profit with an annual budget of 1 billion USD, which provides grants and
early-stage investments to incentivize independent research and entrepreneurship in the field of what they call healthspan science
(Khan, 2023; Regalado, 2022). In the next section, I will provide a more in-depth overview of the diverse set of factors that push the
longevity domain forward.

2.2. Drivers of the longevity domain

A constellation of forces drives longevity research and its commercial application. From the perspective of an ambitious researcher,
research into aging processes represents a fascinating research frontier, with new discoveries being made every week (Young, 2021).
Although still dwarfed by the funding and jobs dedicated to specific diseases, more than 300.000 scientific articles on aging have been
published in the last 10 years (Ramakrishnan, 2024). Researchers are also attracted by the potential of aging research to help prevent
aging-related illnesses and the suffering they cause. Longevity research is further stimulated by the promise of commercial application
of research discoveries. As presented in section 2.5, a range of medical firms, biotech startups, venture capital companies, and angel
investors are investing in aging research and anti-aging therapies. Notably, rich and high-profile entrepreneurs invest in aging research
and its commercial application, such as Sergey Brin, Larry Page, Jeff Bezos, Larry Ellison, Yuri Milner, Jim Mellon, and Peter Thiel
(Kennedy, 2023; Kim, 2023; Sample, 2022)." The involvement of the private sector is partially a consequence of aging not being
recognized as a disease (Barzilai, 2020; Sinclair and LaPlante, 2019; Young, 2021). Official records always have an ultimate cause
assigned to a person’s death (heart failure, lung infection, cancer, etc.), and it cannot be old age itself (Calimport et al., 2019). A main
argument against recognizing aging as a disease is that, given that everyone ages, it would imply that all living organisms are
permanently ill. Because aging is not a disease, funding bodies may be less likely to prioritize basic research on aging in funding
allocations. Funding of basic aging research would increase if aging would be recognized as a disease, and longevity scholars have
petitioned relevant authorities such as the World Health Organisation (WHO) to do so (see Calimport et al., 2019).

On the demand side, many people, whether healthy or ill, would be willing to trade money for extra years of health and vitality, let
alone becoming biologically younger; this creates enormous market potential. Beyond considerations of illness and disease, the value
of time is a driver on the demand side. Busy people typically report a shortfall in time, making time a scarce and valuable resource. Like
money, time can be spent, saved, and wasted (Kasser and Sheldon, 2009), and perhaps in due course aging research will allow for extra
time to be bought as well, by purchasing interventions that help to live longer. Another driver on the demand side is that a longer
healthspan allows individuals to escape ageism: stereotypical negative views of the elderly (North and Fiske, 2012; WHO, 2021).
People of all ages—even older people themselves—generally exhibit negative attitudes toward the elderly (North and Fiske, 2015).

1 Several observers have quipped that entrepreneur billionaires like to be rich when they're young, and young when they’re rich.
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Slowing down biological aging allows chronologically older individuals to stay active for longer, to continue the enjoyment of the high
status associated with being productive, busy, and looking young (Gershuny, 2005), and to avoid being seen as incompetence (North
and Fiske, 2012, 2015).

A powerful societal driver of aging research and its biotech application is the aging of the population that occurs in many countries,
with populations from Southern Europe and South-East Asia aging particularly fast (North and Fiske, 2015). Aging societies typically
face rising costs of care and pensions for aging populations. Because of the aging of the population, care and pensions are provided by
an increasingly smaller percentage of the population making up the active workforce. The 2012 Aging Report of the European
Commission predicted that by 2060, the EU would have only two people of working-age, instead of the current four, for every retired
person (Brown, 2015). Aging research has the potential to lower pressure on the active working population (Goldman et al., 2013). It
can help to achieve what Olshansky et al. (2006) and Olshansky (2013) called the longevity dividend: if people live healthily for
longer, they are better able to continue to contribute to their life satisfaction, families, communities, culture, and economy. Concerning
the economic aspect, according to Kaminskey (2023), the cost of treating aging-related diseases of the elderly, even ignoring the cost of
treating age-related diseases that start in middle age, accounts for anywhere from 50 to 65 % of total national healthcare spending in
most developed economies. Scott et al. (2021) computed that extending the human healthspan by one year would confer economic
savings of €38 trillion for the US alone. Another macro-level driver of developments in aging research and its biotech application is
competition between regions and nations. By being the first and best in a particular longevity application, market leadership can serve
regional or national interests in the form of jobs, economic growth, talent attraction, further innovation, and taxes. Thus, geopolitical
drivers play a role, with the US, the EU and China, for example, having differences in terms of regulatory approval and oversight of
medical research and interventions, which can give one region a competitive advantage over the other (Metzl, 2019). Having described
some of the drivers, the next three sections focus on describing aging science and its applications.

Longevity research and its application are supported and informed by concurrent technological developments. One such devel-
opment is a trend toward precision medicine: tying therapies to individual or subgroup conditions, rather than applying therapies that
work for the average person. Precision medicine can involve data derived from wearable, embeddable, ingestible, or otherwise
portable devices, and from sensors of our outputs, such as a ‘smart toilet’ to analyze your microbiome using fecal matter (Young, 2021).
Individual profiling can be done by artificially intelligent algorithms using billions of data points. Al can be used to determine indi-
vidualized interventions as well as their timing. More generally, advances in Al contribute to increased longevity and health by running
computational exercises alongside clinical trials (Marino et al., 2023; Young, 2021). Companies are also using Al to find new uses for
their already approved drugs, which is attractive since no approval is needed and their safety is known (De Magalhaes et al., 2017).
Furthermore, developments in genetic sequencing, combined with Al, also propel the development of precision medicine, as genetic
sequencing facilitates the customization of interventions and treatments to unique or group genetic variants (Marino et al., 2023).
Genetic sequencing has led to the identification of hundreds of genes potentially implicated in human aging processes (De Magalhaes
etal., 2017; Kennedy and Pennypacker, 2014). As thought leaders such as Yuval Harari (2016) and Michael Bess (2016) have pointed
out, developments such as precision medicine, AI and genetic sequencing do not just allow for the application of therapies targeting
longevity. Extending the human healthspan will likely take place in a context of wider human augmentation — the enhancement of
human physical and mental abilities through the use of technology (Bess, 2016; Harari, 2016).

2.3. Chronological versus biological age

For scholars working in the longevity domain, increasing life expectancy is typically not the aim. Increasing the lifespan is only seen
as a worthwhile endeavor if it increases the healthspan, not if it also or even mostly increases the number of years suffering from
illnesses and ailments (Brown, 2015; Crimmins, 2015). Unfortunately, the latter is what happens today. Figures vary by country, but
increases in life expectancy are at least partially spent ill (WHO, 2023). For example, in the United States, life expectancy (LE) at birth
increased from 76.7 in 2000 to 78.5 in 2019, while health adjusted life expectancy (HALE) at birth increased from 65.8 to 66.1 (WHO,
2023), implying that of the extra 1.8 years, only 0.3 years are spent in good health. In the words of Brown (2015), while years are
added to our lives, life is not added to our years. When HALE increases by less than LE, increases in LE generate an increase in the
suffering from disease, as well as an increase in the required amount and costs of care.

The longevity domain aims to bring biological age below chronological age. Being focused on extending the healthspan rather than
the lifespan, scholars in the longevity domain take an interest in biological age and its assessment. Biological age, or physiological age,
refers to an estimation of an individual’s age based on physical health and vitality, as opposed to chronological age, which is deter-
mined by date of birth. Different people, including identical twins, have different biological ages, and so do different organs and
functions within the body (as a simplified example, your eyes may be 30 and your ears may be 45, or vice versa). Biological age can be
assessed by means of a variety of biological markers: indicators of biological age. Examples are physiological measurements (for
example, respirometry which measures basal and maximal energy expenditure), functional tests (at the sensory, psychomotor, and
cognitive levels), and molecular measures such as Horvath clocks (Lopez-Otin et al., 2023). Horvath clocks (Horvath and Raj, 2018)
infer the biological age of cells from methylation patterns. Methylation influences which DNA instructions are followed and which are
ignored, and its patterns change predictably over time in cells, making it possible to infer their biological age (Gonzalez-Freire et al.,
2020). Research on the successful application of anti-aging interventions crucially depends on reliable biological markers to estimate
biological age, predict health outcomes, and evaluate anti-aging interventions (Gonzalez-Freire et al., 2020). Biomarkers allow in-
terventions to slow or halt aging to be tested on an accelerated time scale (Campisi et al., 2019; Longo et al., 2015), as biomarkers can
reveal in a short time whether a therapy is working. Research aiming to develop accurate biological markers of aging, and its com-
mercial application, is an important part of the longevity industry (Kaminskey, 2023). Besides reliable and valid biological measures of
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aging, longevity researchers require an understanding of the aging process, in order to slow, stop, or reverse biological aging. This will
be briefly explored in the next section.

2.4. Hallmarks of aging

Various molecular and evolutionary theories explaining the time-related progressive decline of physiological functioning have been
proposed, without any of them achieving prominence or being uniformly backed by empirical evidence (Weinert and Timiras, 2003;
Ramakrishnan, 2024). Around 2013, scientists in the field of aging research began to coalesce around a new model, which suggested
that nine ‘hallmarks’ of aging represent common denominators of aging in different organisms (Lopez-Otin et al., 2013). Lopez-Otin
et al. (2013, 2023) proposed three criteria that must apply for each hallmark of aging: (1) it should manifest during normal aging; (2)
its experimental aggravation should accelerate aging; and (3) there are opportunities to decelerate, halt, or reverse aging by thera-
peutic interventions on the hallmark. Appendix A lists and briefly describes the nine hallmarks (for an introduction for non-experts, see
https://www lifespan.io/aging-and-longevity/). Scholars have been cautious to call the hallmarks direct ‘causes’ of diseases such as
cancer, cardiovascular diseases, Alzheimer’s, and diabetes. Rather, they represent biological processes that are associated with the risk
of becoming ill, rather than causing disease directly (Campisi et al., 2019; Keshavarz et al., 2023). As Lopez-Otin et al. (2023) stated,
the distinctions between hallmarks are intrinsically diffuse, as they interact and are not independent of each other. The human body is
a multilevel complex system consisting of billions of cells that form different types of tissues, organs, and regulatory systems (Marino
et al., 2023). Dysfunctions that affect even a restricted number of biological processes within some of the cells of one or more organs
may propagate to all parts of the body (Marino et al., 2023). The fact that a wide variety of processes contribute to aging shows the
complexity and challenge of slowing or reversing aging. Successfully increasing the healthspan is likely to require a variety of con-
current therapies; this creates opportunities for a variety of interventions to slow down aging and stay healthier in later years, as there
are many ways to address these processes. Each would address one or more different hallmarks of aging, but not all (Longo et al., 2015;
Lopez-Otin et al., 2013; Sinclair and LaPlante, 2019).

2.5. Anti-aging therapies and their commercialization

This section contains a non-exhaustive overview of a range of developments in longevity research, and their commercial appli-
cation by biotech companies. The overview is concerned with efforts that aim to prevent, delay, or reverse aging processes, rather than
with efforts that aim to treat or prevent a specific disease. I will present them in three categories: epigenetic reprogramming; cellular
and molecular interventions; and organ engineering and bionics. I will describe activities of biotech companies in each of these cat-
egories. At this stage, insights and interventions apply mostly to model organisms such as mice, rats, worms, flies, and yeasts
(Boekstein et al., 2023; Keshavarz et al., 2023). Efforts to replicate positive animal results in humans are in initial stages (Gonzalez-
Freire et al., 2020; Ramakrishnan, 2024). On the other hand, as Ramakrishnan (2024, p.238) concludes: “With the money and the
urgency that drive current research on aging, major advances might well come in years rather than decades, but the sheer complexity
of aging makes any prediction highly uncertain.” For further elaboration, see section 2.6 entitled Healthspan extension: Prospects and
entrepreneurship’s contributions. Before discussing biotech applications, I will first outline some low-tech interventions that may in-
crease the healthspan.

2.5.1. Low-tech interventions

Lifestyle behaviors conducive to an extended healthspan include exercise regimens, diet patterns (such as the Mediterranean diet or
caloric restriction), mind-body practices (yoga, meditation), and stress reduction techniques. There is strong evidence that exercise
reduces the incidence of age-related disease, thus extending the healthspan (Campisi et al., 2019). Evidence for the health effects of
calorie restriction is also strong (Flanagan et al., 2020; Fontana et al., 2010). In monkeys, calorie restriction protects against diabetes,
cancer, cardiovascular disease, and neurodegeneration, among others (Longo et al., 2015). Several nutraceutical and pharmaceutical
interventions aim to mimic the effects of calorie restriction, so that people do not have to practice long-term commitments to chronic or
intermittent restrictions of their diet (Fontana et al., 2010; Longo et al., 2015).

Lifestyle behaviors such as exercise and diet, and the conditions that affect them, are important to mention. Firstly, the effectiveness
of high-tech interventions and therapies is likely to be related to lifestyle choices. The effectiveness of some interventions may be
undermined if they are accompanied by unhealthy behaviors. Of others, the intervention may only have beneficial effects for those
who are not currently engaging in healthy behaviors, as those who already act healthy may already achieve the same effects (Campisi
et al., 2019). Secondly, high-tech interventions often target the same underlying processes as low-tech interventions. Many of these
interventions aim to invoke hormesis (Calabrese, 2014). Hormesis is a biological phenomenon in which exposure to low or moderate
levels of a stressor can result in a beneficial response or adaptation by the organism, which has a positive effect on health and
resilience. Hormesis can be stimulated in a variety of low-tech ways, notably physical exercise and calorie restriction (for example,
eating until you are 80 % full (hari hachi bu), or intermittent fasting). The basic underlying mechanism is that when the human body is
exposed to a mild level of a stressor, the body switches to repair mode, which stimulates autophagy, a cellular mechanism that de-
grades and recycles damaged cellular components (Moore, 2020). As such, hormesis interacts with several hallmarks of aging in a way
that can potentially slow the aging process and reduce the negative impact of aging on health (Barzilai, 2020). Several biotech ap-
plications operate on the same principle. For example, Retro Biosciences, which secured $180 million in investment from OpenAI CEO
Sam Altman in 2022 (Regalado, 2023), develops molecules that activate autophagy.
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2.5.2. Epigenetic reprogramming

The genetic contribution to longevity and human aging results from many genes, some affecting longevity by increasing suscep-
tibility to age-related diseases, and others slowing the aging process, leading to a healthier life (Murabito et al., 2012). Epigenetics is
the field that studies the processes that regulate what genes are expressed, and when. Certain portions of DNA (genotype) are
selectively silenced, while others are spurred to action, resulting in different outcomes in terms of appearance, development, and
behavior (phenotype). An epigenetic process can be described as any molecular mechanism that changes the expression of genetic
information without altering the underlying DNA sequence itself.

In 2006, the Japanese researcher Yamanaka received a Noble Prize for his discovery that four selected genes could order already
differentiated stem cells to return to earlier, undifferentiated states (Takahashi and Yamanaka, 2006). By introducing the proteins
these ‘longevity’ genes coded for, which later became known as Yamanaka transcription factors, mature mice cells were reprogrammed
to become pluripotent stem cells: immature cells that can develop into all types of cells in the body. The discovery showed that mature
cells are not necessarily permanently confined to their specialized state. The discovery also meant that stem cell therapies were no
longer dependent on embryonic stem cells (Hockemeyer and Jaenisch, 2016). After the initial success with mice, Yamanaka’s team
successfully applied the same principles to reprogram human adult cells into induced pluripotent stem cells (Takahashi et al., 2007).
Stem cell therapies that protect, rejuvenate, or regenerate different types of bodily fluids, tissues, and organs could now be designed to
make use of differentiated cells brought back to pluripotent form, or, in the case of partial reprogramming, brought back to an earlier,
more vital state that, at the same time, retains cellular identity and the specialized function(s) (Singh and Zhakupova, 2022).

Research using Yamanaka factors has successfully rejuvenated mice (Browder et al., 2022; Yang et al., 2023). For example, Yang
et al. (2023) reported on an intervention that restored eyesight in mice and reversed their biological ages from 50 years (in human
terms) to 25. Sinclair and LaPlante (2019) proposed to turn such interventions into a vaccine. The moment at which particular bio-
markers would indicate a biological age of 50, a substance would be released that would signal the Yamanaka factors to order certain
differentiated stem cells to revert to an earlier age. If successfully applied to humans, this would allow us to remain repeatedly in a
cycle between biological ages 25 and 50.

Several biotech ventures aim to develop and commercialize cell therapies based on induced pluripotent stem cells. A company that
attracts a lot of interest is US-based Altos Labs (Regalado, 2023). Founded in 2022, Altos raised $3 billion in a funding round from
investors, reportedly including Jeff Bezos (Regalado, 2021). Altos Labs is an investment vehicle for the Breakthrough Foundation,
founded by Russian-Israeli science and technology investor and philanthropist Yuri Milner and his wife Julia. Altos Labs has hired
prominent scientists such as Juan Carlos Izpisia Belmonte, Steve Horvath, Shinya Yamanaka, and Jennifer Doudna in various ca-
pacities. Other examples of biotech companies focused on reprogramming the epigenome are Life Biosciences, which develops
therapies that induce the expression of Yamanaka factors that reprogram the epigenome, and Turn Biotechnologies, which develops
mRNA medicines that induce the body to heal itself by instructing specific cells to fight disease or repair damaged tissue.

Operating through pathways distinct from the Yamanaka factors, sirtuins are a family of longevity genes that code for a corre-
sponding family of proteins also called sirtuins. Sirtuins are involved in epigenetic modifications that impact various cellular processes
associated with aging, stress resistance, metabolism, and inflammation. Sirtuin activation can primarily be viewed as an epigenetic
intervention from a longevity perspective. However, its effects cascade into cellular processes as well (see section 2.5.3). An example of
a sirtuin-activating compound (STAC) is resveratrol. Evidence in studies using mice showed that resveratrol protects against diseases,
including a variety of cancers, heart disease, stroke and heart attacks, neurodegeneration, inflammatory diseases, and wound healing,
making mice healthier and more resilient (Sinclair and LaPlante, 2019). This has inspired research into other STACs that stimulate the
repair circuit and extend the healthspan of animals (Sinclair and LaPlante, 2019). Although STACs have been shown to increase
healthspan in mice and nonhuman primates, mixed conclusions have been observed in early clinical trials with humans (Campisi et al.,
2019).

A sobering example of a biotech company working on sirtuins was Sirtris, which was acquired by SmithGlaxoKline in 2008 for 720
million USD, only to fold in 2013 due to various scientific and commercial challenges. Sinclair Lab and Life Biosciences are still
working on the commercial application of sirtuin-related therapies.

2.5.3. Cellular and molecular interventions

Research has discovered various biochemical pathways that lead the body to engage in cellular or molecular repair. An area of focus
is telomeres, which are the protective end caps on chromosomes. They shorten as humans age. When the telomere length reaches a
certain threshold, known as the Hayflick limit, the cell division cycle of regular (non-stem cells) stops and the cell becomes senescent
(Marino et al., 2023; Niccoli and Partridge, 2012). Although this system is one of the main brakes on tumor development (Niccoli and
Partridge, 2012), senescent cells can have inflammatory effects on nearby cells. Research has focused on the use of telomerase, an
enzyme that can lengthen telomeres, to extend the lifespan of cells, thus delaying senescence (Marino et al., 2023). Sierra Sciences is an
example of a company that works to develop and commercialize a supplement that induces telomerase expression and lengthens
telomeres.

Beyond telomerase, cell senescence is specifically targeted by drugs or treatments called senotherapeutics. These include senolytics
that target and eliminate senescent cells, and senomorphics that reduce their harmful effects (Marino et al., 2023). A growing number of
biotechnology companies and research laboratories are developing new or repurposed senolytics that have begun to be tested for safety
in humans (Campisi et al., 2019). An example of a company that works on senolytics is Dorian Therapeutics, which develops a class of
therapeutics it calls ‘senoblockers’, which can rejuvenate cells and tissues. Another company, Rubedo Life Sciences, is developing a
method using small molecules to selectively target and clear senescent cells from aged or pathological tissues. Another example of a
company investigating how to target senescent cells and use senolytic drugs is Unity Biotechnology, which boasts Jeff Bezos as an
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investor.

More genes than the sirtuins discussed in the section on epigenetics are believed to be manipulable in ways that can potentially offer
healthier lives (Sinclair and LaPlante, 2019). mTOR (mammal Target of Rapamycin) is a gene that encodes for the mTOR protein, which
regulates cell growth and metabolism in mammals. mTOR hyperactivation is related to age-related functional failure (Marino et al.,
2023). Under conditions of cellular stress or nutrient deprivation (for example, through calorie restriction), mTOR activity is reduced,
which promotes autophagy, a process where the cell degrades and recycles its own components (Marino et al., 2023). Companies are
seeking to develop drugs that bypass the need for calorie restriction or exercise. Inhibition of the mTOR pathway, such as by drugs such
as rapamycin, has been shown to extend lifespan in various organisms. Calico Labs, a subsidiary of Alphabet (Google’s parent com-
pany), is invested in discovering the anti-aging potential of rapamycin. Another company that has conducted significant research on
rapamycin and its analogs (called rapalogs) is Novartis.

Molecular longevity therapies target molecules to promote health and longevity. For example, the sirtuins discussed in the previous
section require a molecule called nicotinamide adenine dinucleotide (NAD). Without sufficient NAD+, the oxidized form of NAD, the
sirtuins do not work efficiently. With aging, NAD+ levels decrease throughout the body. The resulting decrease in sirtuin activity is
thought to be one of the reasons why diseases develop (Sinclair and LaPlante, 2019). Strategies to increase NAD+ levels include
supplementation with NAD+ precursors such as nicotinamide riboside (NR) and nicotinamide mononucleotide (NMN). When Sinclair
and colleagues used NMN to increase NAD+ levels in mice, they found the mice had better organ function, endurance, disease
resistance, blood flow, and longevity than other mice of the same age (Sinclair and LaPlante, 2019). Boosting NAD+ levels caused
mouse cells to shift from growth mode to repair mode. Although research on effectiveness in humans is still in an early stage (Freeberg
et al., 2023; Martens et al., 2018), NAD+ supplements are widely sold (Campisi et al., 2019).

The insulin growth factor (IGF) pathway is another pathway that, when inhibited, induces the body’s repair mode. Similar to the
TOR pathway, it is affected by calorie restriction (Ramakrishnan, 2024). A drug that may potentially inhibit the IGF pathway is
metformin. Originally a diabetics medicine, it has been associated with life extension in mice. It stimulates AMPK, an enzyme involved
in cell energy balance and metabolism. Through activation of AMPK, metformin causes the body to create more NAD and turns on
sirtuins and other defenses against aging. The TAME (Targeting Aging with Metformin) clinical trial, which aims to track 3000 adults
aged 65 to 80, who will take metformin for six years, has been approved by the FDA, but has encountered funding difficulties for many
years (Moltani, 2022). Among the reasons is that as a widely available generic drug, Metformin has limited direct earning potential
(LaMatina, 2019), and since aging is not a disease, it can only be prescribed for diabetes.

Researchers and biotech companies are investigating many more substances involved in the aging process (Gonzalez-Freire et al.,
2020; Longo et al., 2015). Human trials are just beginning. Perhaps even more important than efficacy, the safety of any intervention
needs to be established, particularly given that anti-aging nutraceuticals or pharmaceuticals would be taken by healthy humans over
long time periods (Longo et al., 2015). Nevertheless, many companies sell supplements that promise to extend the healthspan (Darke,
2021). See the later section Healthspan extension: Prospects and contributions from entrepreneurs.

2.5.4. Organ engineering and bionics

The previous section focused on cellular and molecular pathways. What can be done if an entire organ is damaged? To some extent,
the body can regenerate organs by itself. The skin, the largest organ of the body, repairs and regenerates itself each time it suffers a cut
or minor burn. The liver can regenerate up to 60 % of its cells in 30 days (Young, 2021). Novel technologies aim to generate new organs
in animal surrogates, in a 3D bioprinter, or by means of bionics (Young, 2021). Finding novel ways to produce organs is important, as
the main current source of organs for transplantations, traffic accidents, is expected to dry up when autonomous vehicles become
dominant (Sinclair and LaPlante, 2019). Organ (re)generation can contribute considerably to the extension of the human healthspan
(Young, 2021).

Xenotransplantation refers to the transplantation of animal organs into humans. As pig organs are most comparable to humans in
terms of size, researchers and companies have focused on raising pigs specifically designed to produce organs for people who are on
transplant waiting lists. United Therapeutics (UT) is an example of a company working on xenotransplantation from pigs to humans.
The company plans to raise genetically modified pigs to meet lung transplant needs within the next few decades. Another company
acquired by United Therapeutics, Revivicor, similarly aims to create a supply of manufactured organs for transplantation.

Another way to produce organs in the future is to print them. In the early 2000s, researchers discovered that they could modify
inkjet printers to lay down 3D layers of living cells. Scientists have since been working toward the goal of printing living tissue. 3D
bioprinting works as the industrial and consumer sorts of 3D printing, but instead of using plastic resins, it uses ‘bio-ink’, living
concoctions of proteins and pluripotent stem cells differentiated into cells of the desired organ or tissue. Scientists have already
implanted printed ovaries into mice that later conceived and gave birth (Sinclair and LaPlante, 2019).

Finally, organs such as the legs can be replaced with artificial materials. Bionics refers to the study, design, and development of
engineering systems that are modeled after biological processes and systems. Prosthetics refers to the use of manufactured devices to
replace or support natural body parts. This is already common practice, for example, in hip replacements, glasses, hearing aids, and
speech machines. The primary goal of bionic organ transplantation is to replace failing organs with artificial alternatives, potentially
prolonging life and improving the quality of life of individuals with organ failure. Ossur is a company that produces bionic prosthetics,
advanced prosthetic devices that incorporate principles and features inspired by nature. For example, bionic limbs are prosthetic limbs
that integrate electronic and biomechanical components, allowing for natural movements and sometimes sensory feedback. These
limbs utilize advanced control systems that mimic natural neural processes, allowing users to move prosthetics using their own muscle
signals.
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2.6. Healthspan extension: Prospects and entrepreneurship’s contributions

Debate exists as to whether there are limits to the average and maximum human lifespan (Olshansky and Carnes, 2019; see Dong
et al., 2016, and the commentaries and replies that followed their letter). Is there a limit to human longevity and, if so, are we close to
it? The global doubling of average life expectancy that occurred in recent past (Dattani et al., 2024) cannot be automatically
extrapolated, as it was primarily based on a decline in child mortality. In contrast, future gains in life expectancy must result from
declining middle and old age mortality, which is much harder to achieve, given the hallmarks of aging involved. Several scholars
believe that it is not possible to extend the human life span beyond the 115-120 range (see Olshansky and Carnes, 2019; Ram-
akrishnan, 2024). Assuming this is the case, the question becomes whether it would be possible to live up to the maximum lifespan in
good health. That this is possible is shown by those who currently reach the age of 110 and beyond, called supercentenarians. They
tend to have compressed morbidity (Fries, 2002), staying healthy for nearly all of their lives, before finally experiencing a rapid decline
in function (Andersen et al., 2012; Ramakrishnan, 2024). As a group, they have been described as ‘experts’ in delaying chronic disease
and disability (Kondapaka and Kheirbek, 2023), suffering less from aging-related diseases than those who die at an earlier age
(Andersen et al., 2012).

Supercentenarians are very rare. How realistic are the prospects of making a radical extension of the healthspan within everyone’s
reach? The translation of advances in aging research based on the study of model organisms to human clinical trials is a major
challenge (Campisi et al., 2019; Crutchfield, 2018; Gonzalez-Freire et al., 2020; Kennedy and Pennypacker, 2014; Keshavar et al.,
2023). Therapies and interventions are typically in the testing stage with animals. The progression of this work to human trials has
been limited and slow, and no regulatory agencies have approved products for the prevention of multiple age-related diseases or for
increasing human healthspan, according to Boekstein et al. (2023). That aging is not recognized as a disease not only limits the funding
available to basic aging research, but also provides additional obstacles to the translation of aging research into effective therapies. The
first clinical trials evaluating anti-aging interventions in humans must deal with the prevention or mitigation of age-associated pa-
thologies rather than aging itself (Keshavarz et al., 2022; Lopez-Otin et al., 2023). Moreover, authorities such as the FDA in the US are
less likely to approve anti-aging therapies, and for therapies that would be approved, insurance companies would be less likely to fund
their costs. As long as aging is not an indication, doctors cannot prescribe drugs for aging. All of this significantly reduces the chances
for biotech companies to profitably bring products to the market (Barzilai, 2020). Most companies operating in the longevity domain
have not yet progressed to clinical trials with humans (Campisi et al., 2019), and their valuations and market capitalizations are often
based on preclinical results (Kaminskey, 2023). Longevity companies that made their IPO based on animal results may find large
declines in their market capitalization after failed clinical trials and an inability to replicate positive animal results in humans
(Kaminskey, 2023).

At the same time, as section 2.2 Drivers of the longevity domain has made clear, there is a variety of powerful forces at play that
contribute to moving the longevity domain forward for time to come, despite the inevitable delays and disappointments in successful
practical application (Ramakrishnan, 2024). Entrepreneurship is one of them. A wide range of established medical firms, biotech
startups, venture capital companies, and angel investors invest in anti-aging therapies (Bock and Johnson, 2018; De Magalhaes et al.,
2017; Ramakrishnan, 2024; Young, 2021). As such, entrepreneurs and their organizations drive developments by investing in aging
research, and by developing products and services based on this research. At the same time, some actors in the longevity domain see
entrepreneurship as a potential threat to its prospects. They are concerned that the wish for a return on investment may cause products
and services to become available prematurely, with benefits or security risks not yet being fully understood, or benefits being over-
stated, and risks understated. Already in 2002, a position statement in Scientific American signed by 51 scientists (Olshansky et al.,
2002) aimed to distance the field of gerontological science from commercial anti-aging offerings (Binstock, 2003). According to
Binstock (2003), scholars suspicious of private sector involvement are motivated to protect the general public against ineffective or
even harmful interventions, to protect the scientific and political legitimacy of aging researchers, and to maintain and enhance funding
for basic research on aging. Yet, scholars involved in such warnings continue to push for funding for aging research (Goldman et al.,
2013; Olshansky and Carnes (2019). These scholars believe just as well that promoting advances in aging research may allow humanity
to break through biological barriers that allow for an extension of the period of healthy life and a compression of morbidity. All this
implies that there are opportunities for entrepreneurship scholars to guide the longevity domain. In section 5 I will outline oppor-
tunities to do so. For now, I will move away from how entrepreneurship affects the longevity domain. Instead, I will focus on how
progress in the longevity domain may affect entrepreneurship.

3. Implications for entrepreneurship

In the remainder of this essay, I will engage in a thought experiment analyzing implications for entrepreneurship in the case that
interventions and therapies such as those described above would lead to a substantive increase of the human healthspan. Thought
experiments have a long and venerable history in science and philosophy (Folger and Turillo, 1999), from Plato’s allegory of the cave
to Galileo’s falling bodies, Einstein’s elevator, Rawl’s veil of ignorance, and Schrodinger’s cat. Thought experiments are abstract
hypothetical scenarios (Folger and Turillo, 1999). The thought experiment in this essay is directed at a distant future (Augustine et al.,
2019) and formulated in the future-perfect tense (what-if) (Weick, 1979), It does not aim to generate new theory, but rather to explore
how certain empirical phenomena may change. Prospective thought experiments cannot be immediately empirically validated, for
which other criteria substitute that reside in the reader (Weick, 1989). A thought experiment is successful if the ideas put forward
resonate with the reader and are experienced as plausible (Weick, 1989), as generative, in the sense that the essay evokes additional
thoughts and emotions, and as interesting, if the reader is willing to suspend a moderately held assumption (Weick, 1989). In the case
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of this thought experiment, the challenged assumption is that it is collectively inevitable and individually likely that humans suffer for
prolonged periods from aging-related diseases. The thought experiment in this essay can be considered a response to calls by Corley
and Gioia (2011) and Sandberg and Tsoukas (2015) to engage in prospective sensemaking (Weick et al., 2005). Specifically, Corley and
Gioia (2011) urge scholars to engage in prescience: anticipating and influencing knowledge needed to deal with coming societal and
organizational concerns. They do so by “making informed projections about coming issues, act as if those issues have manifested, and
then infer what theoretical domains need attention or invention” (Corley and Gioia, 2011, p. 25).

For the purpose of this thought experiment, I hypothetically assume that, at some point in time, the human healthspan will roughly
double, resulting in a healthspan of 120 years. Currently, the global HALE (Health-Adjusted Life Expectancy) stands at 61.9 years at
birth. An assumption of 120 years does not require currently assumed the maximum human lifespan to increase (Ramakrishnan, 2024);
the oldest person on record, Jeanne Clement, passed away at 122), but rather assumes that it is lived in good health. A very large
proportion of one’s life would be spent free from frailty and disability, as if in the current 25-50 age range, thus vastly extending
middle age. I further assume that processes of slowing, halting, and reversing age processes will equally apply to cognitive faculties.
People would accumulate psychological experiences and memories while maintaining their mental abilities and sense of identity.
Complementing the assumption of halted aging processes, I assume that biological growth processes up to the age of 25 would remain
similar. Finally, I will also assume that developments in ovarian rejuvenation and regeneration (Cavalcante et al., 2023) would allow
women to give birth to healthy children until they are 70 (and men to remain fertile until they are 120).

Having outlined the assumptions, I will now draw possible implications from a doubling of the human healthspan for some key
topics identified in the literature on entrepreneurship, aging, and time (Lévesque and Stephan, 2020; McMullen and Dimov, 2013;
Wood et al., 2021; Zhao et al., 2021). Reflecting the inputs, processes and outcomes of entrepreneurship, I will consider how such a
development may affect the scope of entrepreneurial opportunities, future time perspective and pace of time, and the relationship of
age with entrepreneurial success (Fig. 1). In conducting this thought experiment, the past gave limited guidance on what to expect,
even though the average global human life expectancy doubled in the last 100 years to more than 70 years (Dattani et al., 2024).
Various advances in domains such as healthcare (notably vaccines and antibiotics), nutrition, sanitation, workplace safety, and
increased public knowledge and awareness of health issues contributed to this development (Brown, 2015). However, the past
doubling was driven primarily by reduced child mortality (Dattani et al., 2024; Griffin, 2008). Even a hundred years ago, once
someone survived past 10 years old, s/he could look forward to a reasonably old age (Griffin, 2008; Olshansky and Carnes, 2019).

3.1. Opportunities

Opportunity is a key construct in entrepreneurial scholarship and practice (Busenitz et al., 2003; Shane and Venkataraman, 2000).
Among scholars, the notion of opportunity is subject to intense debate (see Ramoglou and Tsang (2016) and all the commentaries that
followed). What is not debated is that change (for example, technological, regulatory, demographical, sociocultural, ecological
change) can influence entrepreneurial action and outcomes (Davidsson et al., 2020). Davidsson (2015) posits that, at an aggregate
level, any such change has a potentially enabling effect for entrepreneurship and introduced the term ‘external enabler’, defined as a
single, distinct, external circumstance, which has the potential to play an essential role in eliciting and/or enabling a variety of
entrepreneurial endeavors by several (potential) actors. As such, a human healthspan of 120 years qualifies as an external enabler. As a
type of enabler, a healthspan of 120 is inherently hybrid, as success of longevity technologies would be expressed in a demographic
change — more biologically middle-aged people.

In this section, I use the external enabler (EE) framework (Davidsson et al., 2020) to prospectively analyze some possible effects that
a healthspan of 120 could have on various markets, signalling potential for entrepreneurial action, whether discovered or created. The
EE framework characterizes enablers in terms of timing and scope. Doubling the healthspan would likely take a series of unpredictable
breakthroughs that would extend over a long period of time. The scope would be wide and affect all categories stipulated by Davidsson
et al. (2020) - spatial, temporal, sociodemographic, and sectoral. The EE framework further identifies mechanisms through which
changes affect entrepreneurship, with six mechanisms related to how an enabler shapes the venture, one affecting value appropriation,
and three affecting demand. For the purpose of signalling conditions for the creation or discovery of opportunities, I focus on the
demand-related mechanisms, and categorize potential developments under the headings of demand substitution, demand expansion,
and demand creation (Kimjeon and Davidsson, 2022).

3.1.1. Demand substitution
Industries may be affected by a doubling of the human healthspan in a way that would reverse some of the trends currently

Input (3.1) Process (3.2) Outcome (3.3)

Enablement of Fiitiire-Jave Eerspecie Relation of Age and

Opportunities Entrepreneurial
Time Affluence and Pace Success

Fig. 1. Topics covered in this section.
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associated with the aging of the population. For example, the health sector would be significantly affected, as fewer resources have to
be allocated to the treatment of age-related diseases and geriatric care. Instead, resources would be reallocated to the prevention of
disease and the provision of the latest anti-aging technologies and interventions. Focus may shift toward precision medicine, DIY
diagnostics, health-supporting diets, nutraceuticals and pharmaceuticals, and wellness promotion. A focus on health may not
necessarily be shared by other sectors, such as food & beverages and entertainment. A proliferation of unhealthy offerings may emerge
if anti-aging interventions could substitute or compensate for unhealthy behaviors.

Moving to financial products and services, new offerings will be needed to help those who live to 120 years navigate careers that
may involve multiple changes in industries and roles. Assuming that people would be economically active and productive for most of
their lives may mean that there would be less need for retirement savings products. Many people may choose not to retire, in the sense
of ceasing to be economically active. Instead, demand for sabbatical or ‘reset’ savings will emerge, as a doubled healthspan is likely to
lead at least some people to change careers every so often and take pauses in between. In the words of Kaminskey (2023), a need will
arise for a wealthspan that provides financial wellness during low-income phases within the extended healthspan.

3.1.2. Demand expansion

Regular career changes would tie into developments in the education sector. In terms of learning and skill development, living
productively up to 120 years old would mean that the partitioning of an early period of education followed by a work career would
become even more outdated than it is today. Career choice will not just be about lines of work, whether as an entrepreneur or not, but
rather a continuous and integrated assessment that includes work, private circumstances, educational choices, and opportunities for
lifelong learning and personal development. Whether it involves career changes or upskilling within a given occupation, people will
feel an increasing need to continuously upgrade their capabilities. Lifelong education offerings would proliferate, with people
engaging in significant training in intermittent periods. It would also mean that a sizeable proportion of participants in first-year
programs may have significant work experience. Associated with career changes and adjustments, a market would emerge for life
and work coaches who, leveraging their experience, guide chronologically young people through life and career changes.

3.1.3. Demand creation

Across industries, a doubling of the healthspan would change the way markets are segmented. If people vary in chronological age
but remain biologically in the 25-50 age range, segmentation by chronological age would become less prevalent and more subtle.
Product differentiation in terms of quality and therefore price would still be present, as among the chronologically older generations
some would likely be more affluent, on average, having had more time to accumulate resources. The chronologically older generations
may also have specific needs based on their work and life experience, their career plans, and the stage of their life. Nevertheless, the
general trend would be toward multigenerational use of products and services, for example, in housing, travel, and entertainment. For
example, a grandmother, mother, daughter, and granddaughter may all visit the same dance festival together, and guessing who is who
could be hard.

Actors in the longevity domain routinely argue that slowing, stopping, or reversing aging processes will significantly reduce the
incidence of aging-related diseases. At the same time, they are routinely silent about what people would then die of (for an exception,
see the one-hoss-chay theory described in Ramakrishnan (2024)). Presumably, remaining risk factors would be more sudden causes of
death, for example, viral or bacterial infectious diseases, or exposure to toxins, accidents, or violence. Consequently, people may be
quite anxious to be exposed to remaining causes of illness and injury (Harari, 2016), leading to a variety of safety-oriented products
and services. For example, a restaurant can routinely screen its customers at the entry point for infectious diseases, employ food tasters
to prevent any incidence of food poisoning, and have security guards to prevent the emergence of violence between customers or
attacks from the outside.

The external enabler framework focuses on how external change is conducive to entrepreneurial action. Although typically used
retrospectively (for an exception, see Weking et al., 2023), I used its concepts to categorize future possibilities. As a prospective device,
the mechanism can be used to categorization tool, but the categories are fluid as demand may be substituted by a new creation, as
nearly nothing is truly new, by demand expansion. A further observation about the framework is that the meaning of ‘external’ is
perhaps better understood as continuum. Change causes change which causes further change, with possibilities for opportunity dis-
covery or creation arising at each point. As also observed by Chalmers et al. (2021), for those contributing to bringing about the initial
change, the enabler is not external. The more ‘downstream’ one gets, the more the initial change becomes a fully external enabler in the
sense of existing independently of the entrepreneurial actor.

3.2. Time-related dimensions of the entrepreneurial process

In addition to giving rise to opportunities to create, expand, and substitute demand, a doubled healthspan would affect time-related
dimensions of the entrepreneurial process. This section presents a discussion of potential effects on two of them, future time
perspective and pace of time, and how changes therein could subsequently affect entrepreneurial action and decision-making.

3.2.1. Future time perspective: long versus short term orientation

Individuals, ventures, and cultures all differ in their future time perspective — whether they are more focused on the long-term or
the short-term. Bluedorn and Martin (2008) found that people become more short-term oriented once they become an entrepreneur. In
their study, entrepreneurs’ average definition of the long-term future — three years ahead - is shorter than the five-year rule of thumb
employed by investors. Bluedorn and Martin (2008) found that time horizons of entrepreneurs are even shorter than those of students
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(medium term: one year versus 1.5 years; long-term: three years versus five years). Time considerations affect assessments in both
ongoing operations and in the evaluation of new opportunities (Wood et al., 2021). Those who are more short-term-focused will
emphasize more immediate payoffs and may be less inclined to think futuristically about what is happening in the immediate and
wider business environment (Bluedorn and Martin, 2008).

Would a doubling of the healthspan direct entrepreneurs and their ventures toward longer time frames? A doubling of the
healthspan will increase an individual’s ‘time endowment’ (Lévesque and Minniti, 2006): the subjective sense of how long one can
expect to live. On the one hand, this may promote commitment to goals or projects with very long frames; for example, setting up
projects or ventures meant to last for a long period, or attaching a high importance to ecological sustainability, if only because people
are now living longer and more likely to face the consequences of unsustainable practices themselves. On the other hand, a doubled
time endowment can give the appearance of a seemingly endless, limitless availability of time, which can translate in indulgence in the
present and/or a focus on short-term projects, given that there is enough time to do things ‘later’. These possibilities do not exclude
each other, as short-term projects can be undertaken in the context of long-term time frames. Relatedly, attitudes toward risk taking
may change in either the risk-averse or the risk-loving direction. A long-term orientation can make people more likely to take risks,
having sufficient time left to remedy possible negative consequences, and engage in still other future projects and opportunities. On the
other hand, a large time endowment may lower risk appetite, as individuals may not want to be burdened with debts or other negative
consequences for an extended period. The choices that individuals make will depend on a mix of personal attributes and external
factors. An example of the latter are policies that determine the length of time that a failed venture carries negative consequences, for
example because of lowered credit ratings. Once the time endowment becomes smaller, attitudes toward risk taking may shift again
either way. On the one hand, there may be chronologically older entrepreneurs who by now have larger human capital (knowledge,
(entrepreneurial) experience, skills), social capital, and accumulated financial capital compared to those of a similar biological age but
lower chronological age. Their superior capital position may allow them (being able to afford losses) to take on more ambitious
projects, perhaps also with an eye toward legacy. On the other hand, those chronologically older may be more cautious given their
experience, may become more present-focused (Gielnik et al., 2018), or want to avoid emotional exhaustion associated with chal-
lenging, ambitious ventures (Kibler et al., 2024).

While extant research on age and new venture creation reports different peaks, they share the finding of a reverse U-shaped
curvilinear relationship between age and entrepreneurial intentions and their realization (Mensmann and Zacher, 2020; Lévesque and
Minniti, 2006). Although many factors play a role, time horizon is one of them (Mensmann and Zacher, 2020). Gielnik et al. (2018)
hypothesized and found that older entrepreneurs would be less likely to form entrepreneurial intentions given their shorter future time
horizon. Similarly, Lévesque and Minniti (2006) posit that the shorter the ‘time endowment’, the less likely individuals will start a new
venture, because they have less time to benefit from it. As a consequence of a doubling of the human healthspan, then, the time horizon
would shift outwards, and therefore the peak in the relation between age and starting a venture for the first time will shift outward too.
Regardless of future time perspective and risk preference, given that careers last longer, if only statistically it becomes more likely that
individuals will engage in at least one episode of entrepreneurship. Having acquired entrepreneurial experience, they may also be
more likely to start subsequent ventures, also because windows of opportunity would be less likely to cover an entire lifetime. With the
life cycle of opportunities less likely to last a lifetime, a higher prevalence of serial entrepreneurship can be expected, with less time
allocated to individual projects (Wood et al., 2021).

The question of how a doubling of the human healthspan would affect time orientation takes on special significance in the context
of the family firm. The family firm has an implied long-term focus, as it is part of the concept that a family business is sustainable across
generations of the family or families (Chua et al., 1999; Lumpkin and Brigham, 2011). However, a doubled healthspan would create
new issues. Within families, multiple generations of similar biological age could be simultaneously present, with limited physical
indication of who would be 30, 50, 70, 90, or 110. Questions of succession take on a new dimension as the existing founder may
continue to preside over the company, while multiple younger generations could be waiting up to 100 years to assume leadership.
Already with the current healthspan the younger generation is keen to take over leadership in the midterm (on average 11 years after
joining the business, one study found (Stavrou, 1999)), while some among the older generation have difficulty to let go (De Massis
et al., 2008; Lockamy et al., 2016; Marshall et al., 2006).). To address the tensions this would bring, new forms of multi-generational
family business leadership teams would need to emerge, allowing succession without the younger cohorts having to wait for a century.
Another issue related to family firms and succession is that the percentage of marriages that would last a lifetime would likely drop
significantly. Furthermore, a doubling of the period of fertility would offer women more choice in terms of their timing for having
children. A patchwork-type family could become more prevalent, with people varying in the number of offspring and their timing. This
may further complicate succession and ownership issues in family firms. Current overviews already flag the increasing diversity of
family modes as a significant issue for family business scholars (Kammerlander, 2022; Rovelli et al., 2022).

3.2.2. Time affluence and pace

In their review of how time relates to entrepreneurship, Lévesque and Stephan (2020) identified pace of time as a core issue for
entrepreneurship. Would an elongation of the healthspan lead entrepreneurs to feel more time affluent and less time pressed? At first
sight, a longer healthspan equates to more available time. However, drawing from Rosa’s (2013) theory of social acceleration, I will
argue that it is more likely that, as a group, entrepreneurs will remain at least as time-pressed as before. Time studies discern three
groups of people: the contentedly busy, the discontentedly busy, and those who report not being that busy. The first category includes
many individuals with high socio-economic status who wear their busyness as a ‘badge of honor’, deriving pride and pleasure from
their hectic schedules (Burnett et al., 2020; Gershuny, 2005). They believe that their busyness paves the way to success and societal
respect (Festini et al., 2019; Hsee et al., 2010). Busyness is not limited to work; a trend termed ‘voracious consumption’ has emerged,
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where people optimize the consumption of diverse experiences in a compressed time frame (Sullivan and Katz-Gerro, 2007). In
contrast, many economically disadvantaged people are ensnared in busyness out of necessity, often juggling multiple jobs (Sullivan
and Gershuny, 2018). Their busyness is not a symbol of success, but rather stems from survival needs. Notably, women are over-
represented in this category, feeling compelled into busyness by household, family, and work commitments (Burnett et al., 2020;
Festini et al., 2019; Sullivan and Gershuny, 2018; Wajcman, 2020). Finally, a significant portion of the population do not find
themselves particularly busy, although some would perhaps prefer to be busier. Individuals in this category can be found among
retirees, the unemployed, the ill, and asylum-seekers. Which of the three groups do entrepreneurs fall into? I argue that opportunity
entrepreneurs are typically part of the first group (contently busy), and necessity entrepreneurs will belong to the second group
(discontentedly busy). Both types of entrepreneurs tend to be busy, given financial targets, opportunity windows, competition,
resource constraints, and other work and private commitments (Binder and Coad, 2016; Bluedorn and Martin, 2008).

One might hypothesize that an extended healthspan offers respite for busy entrepreneurs, whether of the opportunity or the ne-
cessity type. However, Rosa’s (2013) theory of social acceleration suggests a different outcome. His theory identifies three accelerative
forces: technological, social, and individual. Fundamentally, Rosa (2013) posited that time-saving technological innovations cultivate
a heightened sense of time scarcity because societal and individual expectations for productivity and consumption tend to augment
faster than the time saved. Consequently, the individual pace of life increases. Rosa (2013) argued that the first accelerating force,
technological acceleration, is an inherent byproduct of capitalist competition, where speed of innovation gives ventures a competitive
edge (Bird and West III, 1998; Teece et al., 1997). In ‘high clockspeed’ industries characterized by high rates of new product and
service introductions, being fast often determines success (Nadkarni and Narayanan, 2007; Agypt and Rubin, 2012). Yet, technological
acceleration also speeds up processes in low clockspeed, nonbusiness sectors, for example academia, the arts, and politics (Rosa et al.,
2017). The pursuit of speed not only affects business processes, it is also a sought-after attribute of consumer products and services. For
example, consumers’ demand for instant gratification drives businesses to provide offerings that compete on the basis of speed, from
immediate music and video streaming to instant news cycles to rapid grocery deliveries (Colvile, 2016; Lévesque and Stephan, 2020).
This is an expression of the second force, social acceleration, which reflects that, as we save time technologically, expectations for
productivity and consumption magnify. For example, new information technologies create efficiencies and increase the speed with
which a task is accomplished, after which the saved time is opened to perform more tasks. Similarly, while air travel reduces travel
time, it broadens horizons, providing more destinations. The washing machine, the car, the mobile phone, the computer, the Internet,
and many other inventions have resulted in increased expectations for productivity and consumption. As a result, the third accelerative
force, individual acceleration, arises, expressing itself as the experience of an accelerated pace of life.

The three accelerative forces operate in a cycle: as we save time through technology, societal and individual expectations inflate,
causing us to seek further technological innovations that allow us to speed up our work productivity and consumption. Does empirical
evidence corroborate this accelerated pace of life? Rosa suggests objective metrics such as faster eating patterns, reduced hours of
sleep, and increased multitasking as tangible indicators. For example, comparing 31 countries, Levine and Norenzayan (1999) found a
higher pavement walking speed in individualistic and industrialized countries. Studies using subjective measures such as ‘harriedness’
(Wajcman, 2020), ‘rushedness’ (Sullivan and Gershuny, 2018), the Time Crunch scale, the Time Pressure scale, and the Time Pressure
index (Bergener and Santarius, 2021) show that life does indeed speed up, but only for the first two groups discussed at the beginning
of this section. Rosa (2013) emphasized that not everything accelerates universally; certain aspects of life decelerate. While, for
example, the automobile helped people reach destinations faster, it has also created the phenomenon of the traffic jam. Many phe-
nomena, notably nonrenewable natural resources, have resisted attempts to make them go faster. Nevertheless, the broad picture is a
self-reinforcing acceleration cycle that results in time scarcity. Unless a countertrend emerges that would significantly slow down the
pace of life, opportunity and necessity entrepreneurs could very well experience further time scarcity in case of a doubling of the
healthspan. This would raise the question of how entrepreneurs will be able to cope. Higher pace is not only about speeding up but also
about having less time to recover, a requirement to be always ‘on’ (Harari, 2016). Entrepreneurial well-being scholars emphasize the
need for entrepreneurs to recover (Williamson et al., 2021), but recovery takes time. To date, the literature on entrepreneurship and
well-being has given much attention to how entrepreneurs cope with risk, ambiguity, uncertainty and fear of failure (Stephan, 2018;
Wiklund et al., 2019a). Pace has received less attention, but is becoming increasingly relevant given that entrepreneurs may need to
find stability and balance at ever higher levels of speed of technological and societal change (Rosa et al., 2017).

3.3. Age and entrepreneurial success

Is chronological age an asset or a liability in the entrepreneurial process? Zhao et al. (2021) pointed out that age is a proxy for a
wide range of age-related factors (such as human capital, health, wealth, and age-based discrimination), and that these age-related
factors may, independently and interactively, influence entrepreneurs’ chances of success in various directions. Zhao et al. (2021)
listed declining health, cognitive slowdown and rigidity, lower risk propensity, shortened time horizons due to limited time left, and
ageism as factors that potentially contribute to a negative association between age and entrepreneurial success. On the other side of the
ledger, Zhao et al. (2021) discussed that the superior human, social, and financial capital of older entrepreneurs, on average, as well as
a better ability, on average, to regulate stress and negative emotions, contribute to a positive association.

I propose that for opportunity entrepreneurs, a doubling of the healthspan would shift the balance away from chronological age
being a liability and toward being an asset. On the asset side, an extended period of work productivity provides opportunities for
human, social, and financial capital to accumulate. From a cognitive perspective, a doubled healthspan allows crystallized intelligence,
the intellectual abilities involved in the application of consolidated knowledge (Kent, 2017), to grow (Salthouse, 2012). Prolonged
accumulation of knowledge, experience, skills, and networks may lead to improved entrepreneurial decision-making. On the other side
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of the ledger, the disadvantages of being older may reduce significantly. From a cognitive perspective, fluid intelligence (the intel-
lectual abilities involved in solving novel problems for which consolidated knowledge is less applicable) generally decreases as people
age (Kent, 2017; Salthouse, 2012). With aging, the growth of crystallized intelligence partially or fully compensates for the loss of fluid
intelligence (Kent, 2017). Without biological aging, older entrepreneurs can retain the fluid intelligence to develop new and innovative
products and services, while increasingly taking advantage of their growing crystallized intelligence.? Clearly, there is no guarantee
that older generations will put their fluid intelligence in the service of innovation. Elon Musk, who has been critical of life-extension
efforts, warned that “It is important for us to die because most of the time people don’t change their mind, they just die. If you live
forever, we might become a very ossified society where new ideas cannot succeed” (in Tangerman, 2021).

Furthermore, in case of a more positive association of higher chronological age and success, another disadvantage listed by Zhao
et al. (2021) - ageism — may turn into its opposite, with negative stereotypical views now becoming directed at the young. Being
‘senior’ would previously be indicated by signs of high biological age (gray hair, impaired physique). With a doubling of the
healthspan, this would not need to be the case, particularly if the doubling is due to age reversal interventions. The term ‘senior’ would
likely start to refer primarily to experience and lose the negative characterizations of senior people associated with ageism. Entre-
preneurial firms may select employees of a chronologically different but biologically similar age to the company, with chronologically
older people commanding higher pay to reflect their superior knowledge, skills, and experience.’ This would give impetus to new
forms of organizing that allow for multigenerational collaboration in entrepreneurial ventures, allowing for a mixture of ‘fresh per-
spectives’ and experience, as well as the potential for mentoring.

4. Wider considerations

The previous section has outlined implications in terms of opportunities, time-related dimensions of the entrepreneurial process,
and the relationship between age and entrepreneurial success. A doubled healthspan would not only have implications for entre-
preneurship, it would also have implications in a wider context of change. This section will discuss some wider considerations per-
taining to an extended healthspan. I will discuss new phases in the now extended middle age; the potential loss of the meanings and
functions of the last phase in human life; changes in health beliefs if unhealthy behaviors and conditions can be compensated for by
anti-aging therapies; implications for sustainability; and the emergence of new forms of inequality and the reproduction of old ones.
Like section 3, this section is not meant to be exhaustive; other considerations are well possible, and considerations will likely vary by
country, culture, and gender, among others. Each wider ramification may have implications for entrepreneurship, showing both the
interconnectedness and complexity of the effects of an extended healthspan.

4.1. New phases of life in middle age

A society in which middle age would be radically extended would likely look for new meanings or phases during this period, both
from a personal development and a career perspective. Stage-based personality models, such as Erikson’s (1964) psychosocial theory
of development, describe sequenced patterns of personality change throughout the course of life. In Erikson’s theory, each age-related
period is associated with a specific developmental task (Kanfer and Ackerman, 2004). Erikson’s theory associates middle age with
generativity: caring for others, parenting, and helping the broader society and future generations. McAdams et al. (1993) indeed found
that both middle-aged and older individuals score higher on generativity than those having a younger age (cf. Zacher et al., 2012). As
such, a positive externality of a doubled human healthspan may be that caring for others and for society could become more prom-
inent. Still, an extended middle-age period lasting 100 years would likely require some novel stages of development. Some would seek
new stages by giving prominence to different subjective career outcomes at different points in time, such as financial advancement,
interpersonal relations, challenge and mastery, meaning and impact, self-development, career control, and work-life balance (Seibert
et al., 2024). Others may re-start their career several times, going through multiple cycles of establishment, maintenance, and
disengagement (DeFillippi and Arthur, 1994; Hall, 2004; Super, 1980).

4.2. Meaning and function of the last life phase

Actors in the longevity domain strive to slow, halt, or reverse aging processes. This may indeed allow us to remain active and
productive for much longer. Such a development would be seen as favorable from the perspective of activity theory. First introduced by
Lemon et al. (1972), this theory offers a ‘golden years’ perspective that emphasizes keeping active mentally, physically, and socially as
the optimal way to be well-adjusted and happy in old age (Moberg, 2012). As such, the longevity domain elevates activity and pro-
ductivity above its opposites. However, this introduces a new form of ageism as it implies that chronologically older people should

2 If a doubling of the healthspan is to come true, future research would need to take both biological and chronological age into account. Current standard empirical research practice is to

include age in the description of the sample, and to use age as a control variable. When the correlation between biological and chronological age becomes k d, it will become common
practice to include chronological age as well as biomarkers in the research design, the analysis of data, and the reporting of results.

3 In this context, the senior entrepreneurship literature may have to change its focus. This literature currently discusses senior entrepreneurs as a disadvantaged group with particular
attributes, and aims at their emancipation, in light of the aging of the population (e.g., Backman et al., 2019; Kautonen et al., 2017). With disadvantage shifting to the chronologically young,
this research stream would need to consider its purpose. Unless the chronologically young would exclusively benefit from the newest superior technologies in longevity or others forms of

augmentation.
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maintain a lifestyle more appropriate to middle age. Successful aging would be judged by the ability to undertake activities appropriate
for middle-aged adults (Moberg, 2012).

However, other views of successful aging are possible, and already the term ‘successful’ betrays a Western bias (Torres, 1999).
Assuming that the maximum lifespan will not be extended, as the thought experiment in this essay has done, means that death needs to
be faced at some point in time. While the opposites of staying active and productive may be taken to mean passive and unproductive
from an ageist perspective, a different view is possible, where their opposites can be taken to mean reflective and contemplative.
Studies of the spiritual dimensions of old age (Johnson and Walker, 2016; Moberg, 2012) show that for many, old age represents a
period of personal growth and development. Psychobiological aging usually slows a number of functions, and as people adapt to this
slowing, the pace of life slows, leading some to become more aware of the contemplative space in their consciousness (Atchley, 2016).
Such ‘healthy’ aging processes eventually bring us the potential for contemplation, reflection, peace, surrender, acceptance, and
transcendence (Maher and Mercer, 2009; Tolle, 2006). Although no one would be opposed to eradicating aging-related diseases,
stopping, or reversing these ‘healthy’ aging processes may mean that humans will miss out on some of the best life has to offer.

4.3. Changes in health beliefs

The core premise of the longevity domain is that aging-related diseases are best prevented by delaying, halting, or reversing the
aging processes that underlie them. However, aging is not the only risk factor for aging-related diseases such as cancer, coronary
disease, or Alzheimer’s. Some risk factors arise independently of the choices of individuals, for example, when genetically inherited.
For other risk factors, such as lack of exercise, smoking cigarettes, drinking large amounts of alcohol, exposure to work stress, un-
healthy eating patterns, and being overweight, people sometimes have the opportunity to change their behavior or their life condi-
tions. Currently, when individuals realize that such conditions and behaviors contribute to becoming ill, many (try to) change their
behavior or their circumstances, or are at least advised to do so. This feedback loop could go missing if damage caused by such factors
were preemptively remedied by anti-aging therapies. For example, pharmaceuticals or nutraceuticals that mimic calorie restriction or
exercise on a cellular level may allow overeating or lack of exercise. Perceived susceptibility to disease is considered a key factor in
health beliefs and health-related behavior (Champion and Skinner, 2008). To the extent that anti-aging therapies would prevent the
occurrence of negative effects of behaviors or conditions currently seen as unhealthy, they may cease to be regarded as unhealthy.

4.4. Sustainability

Researchers and entrepreneurs in the longevity domain encounter a common objection against a radical increase in life expectancy:
human overpopulation and the further escalation this would bring to the climate crisis (Barzilai, 2020; Sinclair and LaPlante, 2019;
Young, 2021; Ramakrishnan, 2024).). If we lived much longer, would the carrying capacity of the planet not be exceeded even more
than is currently the case? Their response typically consists of the following elements (Barzilai, 2020; Sinclair and LaPlante, 2019;
Young, 2021). Firstly, humans will spend less time being ill and more time being productive. As a consequence, there will be more
people who can provide for others and fewer who need to receive care. Scarce resources can be transferred from treating diseases and
giving care to fighting and adapting to climate change. Secondly, actors in the longevity domain ask why concerns about sustainability
and overpopulation are exclusively leveled at them, while they could also be leveled against efforts to prevent or cure cancer or heart
disease, which can similarly be taken as contributing to population growth and resource depletion (Olshansky, 2013). Thirdly, as
discussed in the paragraph on new life phases, it is hoped that a population dominated by an assumedly more generative middle age
group would make more effort to create a sustainable and just society. This leads to the final topic of this section: economic inequality.

4.5. Inequality

Potentially, doubling the human health span can promote equality, if only because in most cultures, it is typically daughters who
are expected to contribute more to the care of older parents (Farrelly, 2021). However, it is easy to envision disparities both within and
between nations in terms of access to the longevity therapies described earlier. Bapuji et al. (2020, p. 64) defined economic inequality
as “the uneven distribution in the endowment and/or access to financial and non-financial resources in a society, which manifests in
differential abilities and opportunities to engage in value creation, appropriation, and distribution.” So far, it has been assumed in this
essay that the playing field is level, in the sense that all individuals in any society would enjoy a doubled healthspan. Violations of this
assumption would not only affect “abilities and opportunities to engage in value creation, appropriation, and distribution”, in other
words, abilities and opportunities to engage in entrepreneurship, but also society in general. If access to anti-aging therapies would not
become available to all, issues of immigration and mobility would come to the fore, as those without access would be motivated to
migrate or work themselves up to a place or position where they would have access. There may also be differential access to levels of
quality and timing of therapies, with the rich having better and faster access to the latest promising interventions, even if only initially.
Such developments could mean that disadvantaged groups would see a shorter healthspan added to their existing disadvantages. It
may also entail reduced access to medical services for the treatment of aging-related diseases, as the most affluent may be less
motivated to pay for services they have less need for themselves. This phenomenon is also currently observed; for example, those who
fly to the airport by means of a helicopter service are less willing to vote for investments in public transport to get to the airport
(Schwartz, 2021). Unless longevity interventions are made widely available, socioeconomic inequalities are likely to become exac-
erbated. Even if the healthspan of all doubles, disadvantaged groups may stay in that position for twice the amount of time. Those in
advantageous positions would be able to use and expand superior human, social, and financial capital more much longer periods, and
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conversely, exploited individuals could be exploited twice as long. On the other hand, if interventions would be made mandatory or if
opting out would have financial repercussions such as higher insurance premiums, this could create a new set of issues of their own.
The question of how to best organize a level playing field with equal economic opportunities for all gains additional urgency if a
doubled healthspan were to become a reality.

5. How entrepreneurship scholarship can help move the longevity domain forward

The longevity domain is a field in which a multitude of actors (among others, scientists, entrepreneurs, venture capitalists, angel
investors, pharmaceutical companies, science agencies, governments) try to solve a single large, complex problem. All actors share the
sentiment that by slowing, stopping or reversing aging, an enormous amount of suffering from aging-related diseases and ailments can
be prevented (section 2.1). A wide range of powerful drivers push the domain forward (section 2.2). Because aging processes have so
many facets (section 2.3 and 2.4), actors in the longevity domain work on a wide variety of interventions and treatments (section 2.5),
rather than a single solution. So far, the domain has had limited operational success in terms of extending the human healthspan
(section 2.6). However, should the field become successful, then this will have wide repercussions both for entrepreneurship (section
3) and for society at large (section 4).

The longevity domain faces three broad challenges where entrepreneurship scholarship can be of help. Firstly, given the range of
drivers (section 2.2) and societal implications (section 4) involved, healthy aging can be seen as a grand societal challenge, raising
questions of responsible research and innovation. This question is complicated by the second challenge. With a wide variety of actors
involved, the longevity domain is host to multiple (institutional) logics, which raises questions of coordination and of how to un-
derstand each other. This question is complicated by the third challenge. Given the risks and challenges involved, many attempts at
effective anti-aging treatments will fail (Bock and Johnson, 2018; Johnson and Bock, 2017; Ramakrishnan, 2024), raising the question
of how the field as a whole and its entrepreneurs will be able to continue to secure funding to keep going. This involves the study of
communication strategies, the trajectories of hypes, and the search for successful business models.

Entrepreneurship scholarship is in an excellent position to be of assistance to the longevity domain and help respond to these
challenges. It can do so by applying accumulated entrepreneurial knowledge, or by employing its entrepreneurship research toolkits to
help solve information needs and fill in unknowns. The longevity domain pursues opportunities to create value under conditions of
what Johnson and Bock (2017, p.34) described as irreducible uncertainty — “uncertainty that cannot be reduced by information
gathering or analysis, and which reflects an unknown but not an unimaginable future” —, and entrepreneurship scholars are experts in
the study of how opportunities are discovered, created, enacted, and exploited. And just like the challenges mentioned range from the
global to the individual level, so does entrepreneurial scholarship, with its expertise on societal impact, the entrepreneurial ecosystem,
the industry, the market, the venture, the entrepreneurial individual, and the opportunity. Each challenge will now be discussed in
more detail, moving from the macro-level to the micro-level (see Table 1, Table 2, Table 3), although the different levels mutually
inform one another.

5.1. Healthy aging as a grand societal challenge

Aging-related diseases can be seen as a grand societal challenge (GSC) in light of the suffering they cause, the aging of the pop-
ulation, the care that needs to be provided, and the costs associated with providing this care. Business and entrepreneurship can play a
positive role in addressing GSCs (George et al., 2016; Markman et al., 2019). Grand societal challenges typically involve many
viewpoints, while addressing GSCs requires shared visions, support programs, and standards all actors can employ (Gong et al., 2022).
Addressing GSCs thus requires coordination (Gong et al., 2022; Voegtlin et al., 2022). What form can this take in a fragmented field?
How can coordination be successful when there is competition between global regions, nations, regions, venture capitalists, and
ventures, and perhaps even scientific teams? Who will coordinate? How can global governance, national regulation, and soft law (self-
regulation) be optimized in a way that retains incentives to invest, compete and excel (Voegtlin et al., 2022)? What is the role of
entrepreneurs in the coordination of the longevity domain, if any (Stam and Van de Ven, 2021)?

Living healthily to 120 can potentially reduce suffering from diseases, but raises many new questions, including questions of
legitimacy, access, and equality. If new treatments were developed and approved that significantly extend the healthspan, should such
treatments be made available to all? Should its use be made mandatory? Can individuals opt out, and what repercussions would this
have for access to (insured) healthcare? Discussions may arise that resemble those about the Covid19 vaccines that caused significant
splits in many societies. When consensus is lacking, innovations can encounter a ‘techlash’ rather than societal acceptance (Martinuzzi

Table 1
Questions related to healthy aging as a grand societal challenge (GSC).

How to coordinate efforts at the global, regional, and local level. Who will coordinate? How to balance cooperation and competition?

How can equal access to effective therapies be ensured without enforcing it? How to prevent societal divides as happened in many countries with the Covid19-
vaccin?

What can the longevity domain learn from studies of (social) entrepreneurs in other health-related domains addressing GSCs, and the controversies that emerged?

Responsible research and innovation (RRI) involves anticipating consequences. Do standard risk analysis practices suffice? How can possible detrimental
implications be foreseen without holding back potentially desirable innovations?

RRI requires the participation of stakeholders. How does participation align with the proprietary nature of the knowledge behind anti-aging interventions? How to
prevent participation from stifling innovation?
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Table 2
Questions related to multiple logics.

What logics play a role in the longevity domain, and how do they compare and relate?

What interventions can be designed to promote mutual understanding and collaboration? How can other stakeholders in the longevity domain better understand
and appreciate entrepreneurial actors, and vice versa?

Will the longevity domain coalesce toward a single dominant logic? If not, how will different logics manage to co-exist in a constructive manner?

What is the specific role of the media in the development of the longevity domain, particularly in terms of the legitimacy of the domain and its ability to attract
resources?

Table 3
Questions related to communication and hype.

What will be the shape and trajectory of hype cycles in the longevity domain?

How do entrepreneurs create and manage expectations to attract resources from diverse audiences?

What communication strategies do entrepreneurs employ to continue the support of their backers in the event of disappointment?
How will the longevity domain as a whole survive disappointments and continue to have access to resources and legitimacy?

et al., 2018). How to prevent similar splits in society as happened with Covid vaccins?

(Social) entrepreneurs have contributed to addressing a variety of other health-related grand societal challenges. Examples are food
access and genetically modified organisms (GMO), nuclear power and health risks, the right to have children and IVF, the right not to
have children and abortion, the right to be born and abortion, and the right not to live and euthanasia. How did (social) entrepreneurs
manage to ‘hear’ and be responsive to their constituents and other stakeholders (Pandza and Ellwood, 2013)? What business models
did social entrepreneurs develop to bring about a more ethical, inclusive, and equitable world (Vallaster et al., 2018)? How were
(social) entrepreneurs able to involve stakeholders with different values, or stakeholders who oppose innovation, in the innovation
process (Lubberink et al., 2017)?

Stilgoe et al. (2013) developed a framework for responsible research and innovation (RRI), which is now a benchmark in the
literature. Lehoux et al. (2021) outline that RRI recommends that entrepreneurs: (1) anticipate the risks and unintended consequences
of their innovation; (2) reflect on its underlying values, biases, and social norms; (3) include a variety of stakeholders, including the
public, in its development process; and (4) respond quickly to any emerging issues raised by its implementation. Regarding antici-
pation, entrepreneurs and their companies have engaged for decades in activities such as TA (Technology Assessment), Environmental
Impact Analysis (EIA), and Risk Analysis (RA) (Chatfield et al., 2017; Palm and Hansson, 2006). Given the practices already in place,
does the context of grand societal challenges require additional tools? How can anticipation be organized to help organizations foresee
possible detrimental implications, without holding back potentially desirable innovations (Lubberink et al., 2017)?

Inclusion, another dimension of RRI, is about participation of stakeholders in decision processes. Many societal challenges, such as
climate change or social equity, are contested issues, which limits the ability of stakeholders to find common ground when defining the
problem and potential solutions (Voegtlin et al., 2022). However, entrepreneurs have marked incentives to not engage with stake-
holders in full transparency (Chatfield et al., 2017; Martinuzzi et al., 2018). How can their organizations engage in an honest dialogue,
based on transparent information accessible to the stakeholders involved, without putting their competitive advantage at risk
(Lubberink et al., 2017? How can public dialogue be shaped in such a way that it does not develop into a “tyranny with questionable
benefits” (Stilgoe et al., 2013, p.1572)?

5.2. Multiple logics

The longevity domain comprises a multitude of actors, including scientists, research institutions, public health officials, public
health research funders, healthcare operators, healthcare insurers, pharmaceutical companies, private funders (venture capital and
angel investors), entrepreneurial ventures, and the media. As in other emerging institutional domains, actors each bring their own
views and opinions on what, when, why, where, and how things should be done, on what is deemed legitimate, and they arrive at these
opinions having divergent experiences, educational backgrounds, and professional identities (Purdy and Gray, 2009).). Apart from the
media, they all share that they strive to make people live a healthy life until their maximum life span. That each stakeholder has its own
logic for achieving that end goal offers opportunities for entrepreneurship scholarship to help increase mutual understanding and
cooperation.

An important contribution of entrepreneurship scholars can be to help entrepreneurs understand how certain key terms and aspects
related to entrepreneurship are interpreted and understood by different stakeholders. One such term is risk. Different logics have
different views of what risk means and which risks play a role. Risk is understood in different ways, ranging from economic risk to
ethical and societal risk factors (Chatfield et al., 2017). Another key issue is failure and how to respond to it. For scientists, entre-
preneurs, and investors, failure is commonplace, but for medical professionals and public health officials, it is much less so. This
translates, for example, into questions about the timing of product launch. What degree of product maturity is required to move the
technology from research to commercial sale (Caulfield and Ogbogu, 2008; Eaton and Illes, 2007)? Conversely, it can be a challenge for
other actors in the longevity domain to understand how entrepreneurs think and operate. The entrepreneurial ethos is to create value,
take risks, be courageous, and appropriate value as a reward (Schipper, 2012). Entrepreneurial founders and their investors (venture
capitalists, angel investors) are used to market-based logic. This logic uses conventions related to transactional monetary exchange,
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profit maximization, and venture growth (Thompson et al., 2018). Entrepreneurship scholars can design interventions to help other
stakeholders better understand entrepreneurial actors. What could such interventions look like?

Previous research has shown that in fields with potentially conflicting logics, often one dominant logic eventually prevails and is
diffused throughout the field (Purdy and Gray, 2009). Will this also happen in the longevity domain, and if not, how will potentially
conflicting logics succeed in co-existing constructively? If they do, how can conflicting logics be reconciled, even in a way that the
message is strengthened (Hartman and Coslor, 2019)?

One prominent actor in the longevity to understand is the media. Not only does it have its own logic, it is also the only player in the
longevity domain that does not intrinsically strive for the aim of an extended healthspan. The media has its own agenda and plays an
important role in how the longevity domain is perceived by other stakeholders, including society at large, in terms of the legitimacy it
receives and the resources it can attract and collect (Caulfield and Ogbogu, 2008; Van Lente et al., 2013).). Entrepreneurship scholars
can investigate this role, also in service of the questions asked in the next section.

5.3. Communication and hype

The longevity domain, given the drivers and challenges involved, is likely to experience not only scientific breakthroughs, but also
many disappointments in the development of effective and safe interventions for humans (Bock and Johnson, 2018; Ramakrishnan,
2024). Breakthroughs will continue to raise expectations, while disappointments will deflate them (Wood et al., 2024). However, hype
cycles do not necessarily follow the famous pattern depicted by the Gartner hype cycle. Van Lente et al. (2013) found that the gene
therapy domain managed to overcome disappointing results because of the wide applicability of the technology and a macro-
environment that continued to express positive expectations. Together, this limited both the peak and the through of the hype cycle.
Will the same apply to the longevity domain? What will be the shape of the hype cycle, and mini-hype cycles within the hype cycle, in
terms of the shape of the peak, the through and the duration of the hype (Van Lente et al., 2013)?

Entrepreneurs create and manage expectations among stakeholders to create legitimacy for their ventures and to attract resources
(Garud et al., 2014; Heupel et al., 2024). Creating excitement around scientific research or applied interventions can enhance interest,
but may backfire in the long turn (Wood et al., 2024). Whether something is hyped or not can often only be assessed afterward — there
are thin lines between telling white lies, optimism, confidence, confirmation bias, the entrepreneurial ethos, and the imperative to
‘fake it until you make it (Schipper, 2012; Wood et al., 2024), particularly in the context of the irreducible uncertainty ascribed to the
longevity domain (Johnson and Bock, 2017). The longevity domain offers a long-term opportunity to study how entrepreneurs create
and manage expectations. Business scholars have theorized and examined how entrepreneurs use a variety of communication stra-
tegies and devices to establish and manage the legitimacy of new ventures (Fisher et al., 2017; Suddaby et al., 2023). How do en-
trepreneurs choose between these tactics, to what effects, and how do they vary their approaches across different stakeholders, each
having their own logics (Fisher et al., 2017; Pahnke et al., 2015; Suddaby et al., 2023)?

Entrepreneurs also need to manage the consequences of setbacks. Given the likelihood of setbacks, the longevity domain offers
excellent opportunities to study the communication strategies employed by entrepreneurs to help them survive delays and disap-
pointments in product or service development (Wood et al., 2024). Garud et al. (2014) distinguished cognitive (how the world looks
like) and pragmatic (the achievement of successful outcomes, i.0.w., profit) legitimacy, and states that when a venture fails to meet
expectations, both cognitive and pragmatic legitimacy can be threatened or compromised. Entrepreneurs need to revise their story on
both accounts. How can they do so successfully? Fisher et al. (2017) posit that entrepreneurs are able to (re)assert legitimacy for their
ventures in case of setbacks by changing identity-related stories, symbols, and images, by changing the organizations and individuals
the associate with, and by changing their stories about their leadership attributes and espoused organizational achievements and
success measures. The longevity domain offers opportunities to test Fisher’s framework in a prospective manner.

Finally, hypes are constituted by expectations at different levels. Van Lente et al. (2013) distinguished between expectations at the
micro-level of scientist research groups or individual firms; expectations at the meso-level of the technological field; and expectations
at the macro-level of technology in society, both as seen by the general public and by key governmental regulators. The longevity
domain offers an excellent research setting to study how different levels interact in order to maintain access to resources and legitimacy
(Snihur et al., 2022; Van Lente et al., 2013). An aspect of interest concerns the divergence or convergence between media reports and
beliefs at the national, industry, venture, and actor levels. Another is how the interests of the nation state act as a continued push
toward legitimacy (Metzl, 2019).

6. Conclusion

By investing, innovating, and commercializing, entrepreneurs have a significant impact in bringing technological developments to
the market. Conversely, some of these technological developments have a significant impact on how entrepreneurs operate. This essay
presents a thought experiment analyzing how doubling the human healthspan would affect entrepreneurship. The essay is not an
attempt to provide an exhaustive overview of correct predictions. Rather, it shares with other futuristic works that its main aim is
generative (Munoz and Dimov, 2023). Hopefully reading this essay has inspired the reader to arrive at her or his own thoughts and
insights when thinking through the implications of a doubling of the human healthspan. This doubling may seem to be a future fantasy
today. It will take many scientific and commercial breakthroughs before the human healthspan will be doubled. However, given the
forces at play outlined in the section on the drivers of the longevity domain, breakthroughs may well arise similarly to bankruptcy for
Mike in Hemingway’s novel The Sun also Rises: gradually, and then suddenly. The longevity domain is dynamic, with the research
frontier shifting daily (Ramakrishnan, 2024). This will gain even more momentum should policy makers and funding agencies agree
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that delaying, halting, or reversing aging represents a primary way to prevent aging-related diseases (Olshansky, 2013). Clearly, many
hurdles must be overcome before a doubling of the human healthspan materializes. Promises stating otherwise should be treated with
caution. What is then the purpose of the speculative endeavor undertaken in this essay?

Entrepreneurship scholars influence entrepreneurship, even if a little. Entrepreneurship research may directly or indirectly shape
conversations among entrepreneurs, investors, policy makers, and others involved in the entrepreneurship ecosystem. By going
beyond explaining what already is, being future focused allows scholars to anticipate possible future consequences, which can help us
to avert pessimistic scenarios and to promote optimistic ones. As teachers of entrepreneurship students, we have opportunities to
influence the entrepreneurs of tomorrow. Being outward focused and proactively engaged with the future allows us and our students to
seek and pursue opportunities for novel and responsible ways of value creation. Thus, whether as researchers or as teachers, our beliefs
about the future affect our actions today, which influence the future that will occur (Augustine et al., 2019; Giimiisay and Reinecke,
2022). Focusing on the future allows us to derive these beliefs proactively, rather than reactively. By anticipating future implications,
discussions can be held in advance rather than afterward. For example, once the COVID-19 pandemic became a reality, many studies
emerged relating entrepreneurship to the pandemic (Sharma et al., 2024). To my knowledge, no studies have aimed to predict the
effects of a global pandemic on entrepreneurship, although a renowned epidemiologist such as Osterholm already outlined in detail
that a pandemic of this kind was likely to happen and would result in global lockdowns (cf. Osterholm and Olshaker, 2017).). Being
future-focused can help us to be relevant to entrepreneurial practice, as entrepreneurs look toward the future in pursuit of what not yet
is (Gartner et al., 1992; Munoz and Dimov, 2023).
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Appendix A. Supplementary data

Appendix A
Hallmarks of aging.
Hallmark Description
Genomic instability (1) Genome instability is defined as an increased tendency of the genome to acquire mutations. The accumulation of mutations
can impair regular cell functioning and lead to diseases like cancer.
Telomere attrition (2) The telomeres on the ends of chromosomes serve as protective caps. With each division of the cell, these caps become slightly

shorter. When the telomere length reaches a threshold, known as Hayflick limit, regular (non-stem) cells stops dividing. This
leads to a loss of regeneration and injury repair.

Epigenetic alterations (3) Epigenetics concerns the processes that regulate what portions of DNA are expressed, and what are silenced. Over time,
accumulated damage results in the abnormal activation or silencing of genes, which accelerates the aging process and is
associated with diseases such as cancer.

Loss of proteostasis (4) Proteostasis is the process of maintaining the proteins necessary for the functioning of the cell. With age, cells become less
adept at ensuring that proteins fold properly and at eliminating misfolded proteins. This is associated with diseases such as
Alzheimer’s and Huntington’s.

Deregulated nutrient sensing (5) Multiple nutrient sensing pathways ensure that the cells take in the right nutrition in the right amounts. These pathways
become dysregulated over time, which accelerates aging and the emergence of age-related illnesses.

(continued on next page)
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Appendix A (continued)

Hallmark Description

Mitochondrial dysfunction (6) Cells’ mitochondria function as mini power plants that generate energy. They gradually operate less effectively, resulting in
less energy generation and more waste products, which may harm the cells.

Cellular senescence (7) Over time, fewer worn out or damaged cells destroy themselves (apoptosis), instead entering a state of senescence. When
senescent, a cell has stopped dividing but does not die. Toxic substances secreted by senescent cells can cause damage to
nearby tissues and cells.

Stem cell exhaustion (8) The body’s damaged or missing cells can be replaced by stem cells. As organisms become older, the stock of stem cells becomes
depleted, and they do not function as well. As a result, tissues and organs heal from traumas more slowly and perform worse
overall.

Altered intercellular Chemical signals are the primary means through which cells coordinate their actions. With aging, cellular stress and damage

communication (9) lower the quality of this communication. This results in further cellular stress and damage, like ongoing, mild inflammation

throughout the body, which is connected to many age-related disorders.

The nine hallmarks are further classified as causes of cellular damage (1 to 4), compensatory or antagonistic responses to the damage that initially
mitigate it but, if chronic or exacerbated, become deleterious themselves (5 to 7), and finally integrative hallmarks, that are the end result of the
previous seven hallmarks that that are ultimately responsible for the functional decline associated with aging (Lopez-Otin et al., 2013).

Data availability

No data was used for the research described in the article.
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