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Abstract 

Lifespan is a measure of duration, not of content, and it does not provide the same 

information as biological markers of ageing. Therefore, one cannot rely on lifespan to infer 

conclusions about ageing. For example, two centenarians can die in very contrasted physiological 

states: as bed-ridden for years or during jogging. Healthspan can be measured in animal models by 

relying on behaviour, resistance to stress, and so on. Biogerontologists working with animal models 

tend to privilege the measurement of lifespan rather than that of healthspan when the animal lives 

for a short time (e.g. Caenorhabditis elegans, Drosophila melanogaster) because measuring 

lifespan is easy and studying, say, behaviour, is more difficult. Conversely, biogerontologists 

privilege healthspan when the animal model lives for years (e.g. rodents, non-human primates), 

because measuring lifespan can be out of reach. In any case, biogerontologists should try to observe 

both lifespan and indicators of health, whenever it is possible, and not conclude that ageing is 

delayed when they have simply observed longer lifespans. 
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Introduction 

This book is an attempt to precisely define what is health and how various sciences can help 

to define this concept. This is not an easy task and it has given rise to debates for decades, 

particularly since the major article by the philosopher Christopher Boorse (1977). The present 

chapter is concerned with health at old age and with the differences, or absence of differences, 

between lifespan and ageing. It is necessary to define, at least operationally, what is health in the 

context of ageing. 

Pathology can be broadly defined as too long a distance from a mean functioning, and health 

as the variation, allowing the normal functioning of the organism, around the mean of a given trait 

(Boorse 1977). This statement implies that health is defined at the population level and not at the 

individual one: “Individual health is conformity to functional normality” (Giroux 2009). For 

instance, in human beings, a body mass index (BMI) in the 20-25 kg/m2 range is a “healthy” 

variation, neither too lean nor overweight. Being in the overweight 25-30 kg/m2 range can be less 

healthy, but 15 or 40 kg/m2 BMI are clearly pathological because the sign of a disease (e.g. anorexia 

nervosa vs morbid obesity). However, being far from the mean is not always pathology. For 

instance, the Jeanne Calment’s 122 years lifespan (Jeune et al. 2010) is not a sign of pathology, 
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even if very far from the 85.4 years mean lifespan of French women in 2018 (Pison 2019). Boorse 

(1977) emphasised that “superior functioning is consistent with health. The unusual cardiovascular 

ability of a long-distance runner is not a disease”. However, the observed mean in a country can be 

unhealthy, such as for instance the mean BMI in the USA, with nearly 40 % of the adult population 

being obese with a BMI ≥ 30  kg/m2 (Hales et al. 2018). 

One could argue that the optimal value at old age of any trait should be that observed in 

young adults. However, this would imply that, for instance, because the growth hormone (GH) 

levels decrease with age (Roelfsema and Veldhuis 2016), it would be necessary to supplement older 

adults with GH even if they have no GH deficiency. It is not the case, because supplementation with 

GH as an attempt to delay ageing is associated with many risks, and thus does not improve health 

but just the contrary (Harman and Blackman 2004). Hence, it would be an error to consider any 

age-related change as a sign of lower health. For instance, the age-linked weight increase between 

18 and 50 years of age does not increase mortality if weight remains in the 20-27 kg/m2 range (Song 

et al. 2016). Therefore, the healthy range at old age is not necessarily the healthy range observed at 

young age. 

It is needed to record not only lifespan, but also traits linked to health at old age, because 

lifespan does not provide the same information as biological markers of ageing. Lifespan is a 

measure of duration, not of content, and one cannot rely only on lifespan to infer conclusions about 

the ageing process. For instance, two centenarians could be either bedridden for years or jogging as 

every morning the day before their death and, thus, knowing the lifespan of individuals is not 

sufficient to know their physiological status or quality of life. Obviously, a human dying at 40 years 

of age from a non-accidental cause was probably not healthy.  

Nevertheless, many biogerontologists who try to discover means to improve health at old age 

rely on lifespan as the gold standard to know whether their attempts were successful or not, even if 

some authors have warned against such a rationale (e.g. Le Bourg et al. 1993; Bansal et al. 2015; 

Briga et al. 2019). As emphasised by Briga et al. (2019), “the (implicit) assumption is often made 

that factors changing lifespan will consistently alter healthspan and senescence” and thus that an 

increased lifespan is similar to a delayed ageing process, and thus to a better health at old age. 

Conversely, a study reported that the oxygen-sensitive mev-1 mutant of the nematode 

Caenorhabdidtis elegans has a high sensitivity to oxygen poisoning and a decreased lifespan in a 

60 % O2 atmosphere (Ishii et al. 1998). This decreased lifespan was called “premature ageing” by 

the authors. Therefore, according to them, a decreased lifespan is similar to an accelerated ageing 

process.  

If a long lifespan does not imply being healthy when old, one can wonder why many 
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biogerontologists working with some animal models only measure lifespan. By contrast, clinicians 

mostly rely on measures of health at old age rather than on lifespan. The various constraints these 

scientists face when working with animal models can explain these different strategies to study 

ageing. What are the features of the different animal models when studying ageing and how these 

models can be of help in such studies? Let us consider the most widely used models: Drosophila 

melanogaster flies, the nematode Caenorhabditis elegans, the rodents Mus musculus and Rattus 

norvegicus, and the non-human primates Microcebus murinus and Macaca malatta. 

 

Lifespan and healthspan in animal models 

Lifespan and healthspan in Drosophila melanogaster flies 

When biologists began to study ageing in D. melanogaster flies, more than one century ago, 

the study of behaviour or of life-history traits was in its infancy (but see below for rodents), 

precluding to observe the effects of ageing in individuals. In such conditions, the obvious best 

second choice was to focus on an easy, cheap, and straightforward measure — lifespan — and to 

assume that it was a bona fide surrogate of ageing. Lifespan is easy to measure, amenable to 

statistical analysis, and conceptually easy to understand. Indeed, if an animal dies at a young age, its 

death is more probably due to an accident or a disease than to the ageing process. By contrast, last 

survivors have a higher chance to die because of the natural failure of the organism, i.e. from 

ageing. Thus, many articles on the effects on lifespan of various treatments such as temperature, 

food, density of population, and so on, were published before World War 2 (e.g. Loeb and Northrop 

1917; Pearl et al. 1927, Kopeć 1928). These early experiments were maybe more of help to know 

the best ways to rear flies than to really understand the ageing process, as sadly emphasised by Pearl 

(1928): “In the aggregate many months have been spent in studying matters of fly husbandry, for 

the sole purpose of learning how to set up definitive experiments”. However, what was acceptable 

before World War 2 is not in the 21st century. Considering that a single number — lifespan — can 

summarise the whole process of ageing is an outdated view of biology and it is needed to observe 

not only lifespan, but also ageing, which can require observing animal behaviour. 

The first study really observing the effects of ageing on the behaviour of D. melanogaster 

was probably that of Wigglesworth (1949) who showed that the mean “duration of flight to the 

point of complete exhaustion” of flies tethered by the thorax to the tip of a needle was 133 min (n = 

13) in one day-old flies, 278 min (n = 14) in one-week-old flies, and 100 min (n = 21) in 4-week-

old ones, no matter the sex. The absence of statistical analysis, the low sample sizes, the rounding 

of the last digit to 0 or 5 of values of 1 and 4-week-old flies, but not of those of 1-day-old ones, 

show that it was really an early, pioneering, study of behavioural ageing in flies. While some 
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studies of behaviour were done in the 1950s and 1960s, most of them only studied young flies and 

Elens and Wattiaux (1971) were maybe the first authors to study phototaxis in 5- and 30-day old 

flies. The number of studies greatly increased during the 1980s and Le Bourg (1988) published the 

first review article on age-related behavioural changes. 

It could thus be expected that, nowadays, most biogerontologists record the behaviour of flies 

at various ages, but it is not the case. As emphasised by Grotewiel et al. (2005), “functional 

senescence, defined here as the intrinsic age-related decline in functional status, has received much 

less experimental attention in model organisms than life span” because “assessing death in survival 

studies is typically more straightforward than measuring a function across age”. Furthermore, when 

authors make use of a behavioural trait, many of them rely on a single one, the climbing ability. In 

this test, a number of flies is put into a vertical vial that is manually tapped to the bottom: the 

number of flies reaching a given height in a given time is recorded. For instance, Miquel et al. 

(1972) put 50 flies into a 250 ml vial, that was tapped 10 times on the bottom, and counted the 

number of flies reaching the 250 ml mark in 20 seconds. This test can be repeated with the same 

flies and the mean number of flies reaching the mark is the climbing ability measure (e.g. Seugé et 

al. 1985). However, this test has flaws. First, as the vial is manually tapped on the bottom the 

strength of the shock varies among experimenters or successive trials by the same experimenter. 

Second, many flies are in the same vial and, as the test can be repeated to get a mean score, it is 

impossible to know whether the same flies were reaching the mark or not, and if “interindividual 

interactions” could alter the climbing scores, as emphasised by Garcia and Teets (2019). To 

overcome these issues Le Bourg and Lints (1992) used individual flies with a test tube shaker 

providing always the same mechanical stimulation. However, the age-linked decline of climbing 

ability is so paramount and can be modified by so many factors that even the worst procedure will 

show age-related changes. As a result, climbing ability has become the most used behavioural test 

in research on ageing (review in Grotewiel et al. 2005), even if it is difficult to compare the results 

of studies using different procedures. 

Beyond the climbing ability test, other traits linked to behaviour have been used in old flies, 

such as spontaneous locomotor activity, patterns of movement, habituation and learning of various 

tasks, memory, phototaxis, threshold to sucrose (reviews in e.g. Le Bourg 1988; Grotewiel et al. 

2006; Iliadi and Boulianne 2010; see also Le Bourg 1996, 2004). Can it be possible to link 

individual measures of behaviour and lifespan of the very same flies, flies showing a “better” 

behaviour living longer? This is not the case when spontaneous locomotor activity is observed, at 

young age only of repeatedly throughout life: more active flies are not more or less longevous than 

less active flies (Le Bourg 1987, Le Bourg and Lints 1984; Le Bourg et al. 1984; Lints et al. 1984). 



- 6- 

 

Similar results are observed when the patterns of movement in a circular arena are observed: the 

paths are more sinuous at old age, but there is no correlation between the shape of paths at young or 

old age and lifespan (Le Bourg 1985). Therefore, these behavioural traits are not predictive of 

lifespan. 

Other indices of health can also be measured, as for instance resistance to severe stress as a 

function of age. This resistance can decrease in old flies and a delay in this decline or a better 

resistance could be considered as showing a slower ageing (e.g. Service et al. 1985). In addition, 

one could expect that a lower or delayed age-linked decline of these traits is linked with a longer 

lifespan. In some cases, this is observed. For instance, a mild cold stress at young age can increase 

lifespan, but it also delays the age-linked decline of climbing ability in males and increases survival 

time at 37 °C at old age (Le Bourg 2007). By contrast, overexpression of the gene of the antioxidant 

catalase enzyme increases resistance to oxidative stress, has no effect on climbing ability 

throughout life or on lifespan at 25 °C, but decreases lifespan if flies are transferred at 29 °C 

(Mockett et al. 2003). Other examples are reported by Iliadi and Boulianne (2010). All these results 

show that, even if many authors measure lifespan as a surrogate of ageing, other ones make use of 

various indices of ageing in addition to lifespan. This is possible because flies are amenable to 

studies of behaviour, resistance to stress, fecundity, learning, and so on, in addition to the classical 

biochemical measures, such as enzymatic activity, that can be performed in animal models.  

These studies show that lifespan cannot be considered as a shorthand of ageing: to apprehend 

the ageing state of flies it is necessary to observe various traits at various ages and not only lifespan. 

Could we at least conclude that an increased lifespan, if not always indicative of better health, is not 

the sign of worse health? Unfortunately, it is not always the case. For instance, the effect of various 

compounds has been tested by the same laboratory in the same short-lived strain (mean lifespan 

being less than 30 days), by relying on the same procedures. There is thus a good chance that these 

studies will be able to provide results that can be compared. Lee et al. (2010) supplemented flies 

with curcumin, an extract from the plant Curcuma longa, and observed that it increased the lifespan 

of males (+16 %) but not of females. Spontaneous locomotor activity was increased in 

supplemented 1- and 2-week old males but not in older ones, while a slight increase was observed 

only in the very last surviving 5-week old females. Finally, climbing ability was improved in males 

(tested at 1 and 5 weeks of age) and only in old females. On the whole, it seems that a lifespan 

increase is linked with a better healthspan in males, while lifespan and healthspan of females are 

barely modified: lifespan and healthspan results are in accordance. The same laboratory studied the 

effect of lamotrigine, an anti-convulsant drug, on lifespan and spontaneous locomotor activity 

(Avanesian et al. 2010). The drug increased lifespan by 3 days in both sexes (+15 %) and decreased 
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spontaneous locomotor activity at 1 and 4 weeks of age: lifespan results cannot be used to infer that 

healthspan is improved. These two studies clearly show that lifespan and healthspan are not 

different expressions of the same phenotype. It is thus necessary to measure phenotypes linked to 

health in addition to lifespan to infer conclusions about ageing. 

 

Lifespan and healthspan in the nematode Caenorhabdidtis elegans 

Some decades after D. melanogaster, the nematode became a model organism in ageing 

research when Klass (1983) and Friedman and Johnson (1988) discovered up to twice longer-lived 

mutants, which are linked to the dauer larval stage (duration in German). In low food conditions, 

worms can enter this non-feeding stage for up to 2 months before resuming the normal life cycle. 

This increases the usual 2-3 weeks lifespan at 20 °C in the laboratory (Klass and Hirsh 1976) or the 

2 days one in the soil (Van Voorhies et al. 2005).  

Observing lifespan of nematodes is straightforward. Worms live in Petri dishes, for only a 

very few weeks, are easy to feed, and thus most studies of ageing in C. elegans report survival 

curves. However, only a few articles report ageing data and this may be understood because the 

behaviour of worms is rather poor. It is possible to observe, as a function of age, feeding (e.g. 

Huang et al. 2004), defecation (Bolanowski et al. 1981), movement (e.g. Duhon and Johnson 1995), 

habituation of a reflex (Beck and Rankin 1993), or resistance to stress (Cypser and Johnson 2002). 

Because it is easy to separate movement into 3 classes (Newell Stampler et al. 2018), spontaneous 

movement (class A), movement only when the worm is touched (B), absence of any movement, 

close to death (C), “it is generally agreed that assessment of movement is informative” (Ewald et al. 

2018) and this is the main behavioural phenotype observed in nematodes. Newell Stamper et al. 

(2018) showed that long-lived mutants have a longer class B than control worms, the duration of A 

and C classes being rather similar. It remains that a recent review (Son et al. 2019) reports only a 

very few results on the relationships between behavioural ageing and lifespan, more active worms 

being often longer-lived (but see Bolanowski et al. 1981). 

Because the available traits to observe ageing in nematodes are not numerous, most authors 

rely on lifespan but the issue is that wild nematodes live in the soil, and that they cannot escape. 

This may explain the existence of the dauer larval stage increasing lifespan: because they cannot 

flee in the event of any threatening stress, such as famine, the best strategy could be to increase 

lifespan, waiting for better times after entering the dauer larval stage (Le Bourg 2016). Similarly, 

being unable to flee could explain why nematodes live longer even when subjected to toxic 

chemicals (juglone +6-29 %: Heidler et al. 2010; plumbagin +12 %: Hunt et al. 2011; 50 ppm 

hydrogen sulfide +74 %: Miller and Roth 2007). Because escaping is not an option, an appropriate 
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response could be to increase lifespan, waiting for dilution of the chemical or its destruction in the 

soil. These effects are probably hormetic, i.e. beneficial effects of a low dose of a toxic product, but 

one can even hypothesise, because nematodes cannot flee, that doses that are toxic in, say, 

mammals, are not toxic in worms. Nevertheless, these lifespan increases could also be a real 

positive effect because worms are given essential molecules (e.g. vitamin E: +22%: Harrington and 

Harley 1988). Molecules often considered to be beneficial, such as antioxidants (trolox: +31%: 

Benedetti et al. 2008), could also have a hormetic effect.  

Therefore, it could be that an increased lifespan has been selected in nematodes as an 

appropriate strategy to survive various threats and that toxic and not-toxic compounds could both 

increase lifespan. If many chemicals could increase lifespan, one could wonder whether observing 

lifespan in nematodes can be used to infer about results in other species. For example, the 50-ppm 

hydrogen sulfide dose increasing lifespan in C. elegans (Miller and Roth 2007) is the US 

Occupational Safety and Health Administration peak permissible exposure limit that should never 

be exceeded, 20 ppm being the limit for a 15 min exposure (Guidotti 2015). Indeed, it could be 

hypothesised that a longer lifespan in C. elegans is not always indicative of better health but, in 

some cases, of bad living conditions. Observing only lifespan in nematodes can thus be misleading 

and relying on other phenotypes linked to health is needed. 

 

Lifespan and healthspan in rodents 

Rodents are long-lived, expensive to buy and to rear, which implies that recording the 

lifespan can be an issue and that the sample sizes of lifespan studies are expected to be low when 

compared to studies with flies or worms. Indeed, if we except a study testing the effect of gamma 

irradiation with three groups of 300 female mice each, and not a single male (Caratero et al. 1998), 

other studies do not use so high a number of mice in each group. 

Rodents have a large behavioural repertoire, are easy to observe and handle because of their 

size, and they are mammals. Thus, it is not surprising that experiments on ageing have been done 

before the two World Wars, for instance, on learning of mice (Yerkes 1909), on exercised and 

control rats observed throughout life (Slonaker 1912), or on dietary restriction in rats (McCay et al. 

1935). Therefore, research on ageing in rodents is very different from that on C. elegans and D. 

melanogaster: while studies on these models privilege lifespan rather than ageing, those on rodents 

focus more on ageing than on lifespan. During the 1970s, Elias and Elias (1976) lamented in a 

review of the effects of age on learning in rodents that “updated mortality tables for the many 

inbred strains of rats and mice used in aging research have not been readily available”. It is 

obviously not to say that biogerontologists were not concerned with the lifespan of rodents, but 
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simply that observing lifespan in rodents is a challenge because of technical and financial 

constraints. However, it can be very informative to observe lifespan and ageing of rodents in the 

same study. For instance, Winter (1998) reported that Ginkgo biloba could improve learning and 

increase lifespan in rats, but only 10 and 20 rats, respectively in the supplemented and control 

groups, were used for the lifespan experiment. Similarly, Yu et al. (1985) studied the effect of 

dietary restriction on metabolic and physical traits of rats, on spontaneous locomotor activity 

throughout life, and on lifespan (40 rats in each lifespan group). 

Is it possible to conclude that studies on rodents of both lifespan and ageing are the best 

choice to infer about human ageing? Unfortunately, the answer is not clearly positive. For instance, 

while it is known that, like in rodents, being more active is linked with a longer lifespan in humans 

(review in e.g. Le Bourg 2009), dietary restriction, unlike with many studies in rodents, does not 

seem to increase lifespan of Rhesus monkeys or mouse lemurs (Le Bourg 2018) and reports that life 

expectancy was longer in Okinawa than on mainland Japan because of dietary restriction are 

slightly too enthusiastic (Le Bourg 2012). The contrasting effects of dietary restriction in rodents 

and monkeys can probably be explained by relying on the life-history strategies of rodents. When 

confronted with famine, rodents can hardly emigrate, contrarily to migratory birds, elephants, and 

other large mammals, because of predation and of the limited distance they can cover (Bowman et 

al. 2002). Thus, it can be understood why a longer lifespan in the event of famine has been selected 

in rodents: the best strategy is maybe to wait at the same place until food is again available, which 

can require living longer (Le Bourg 2016). As emphasised by Demetrius (2005), “when it comes to 

studying ageing and the means to slow it down, mice are not just small humans”. 

Because rodents appear not to be the best animal model to study ageing, the obvious 

conclusion could be that non-human primates offer the best choice. 

 

Lifespan and healthspan in non-human primates 

Non-human primates are surely the best animal models to infer conclusions about ageing in 

human beings. Unfortunately, they can live for several years, as the tiny 70 g mouse lemur 

Microcebus murinus, or decades, as the monkey Macaca mulatta. Primates are costly, need large 

facilities, veterinarians, and also succeeding generations of biogerontologists. Studies of non-human 

primates are therefore scarce, with low sample sizes, and cannot routinely sacrifice subjects as can 

be done with flies. It is a pity because, for instance, the brains of 20 % of aged lemurs show lesions 

similar to those observed in elderly people suffering from Alzheimer’s disease, and lemurs appear 

to be an appropriate model to study normal and pathological brain ageing (Bons et al. 2006). 

However, intervention studies could probably not afford to sacrifice many subjects to verify 
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whether the treatment under study is decreasing, for instance, amyloid plaques. It is useless to say 

that this conclusion also applies to rhesus monkeys that live much longer. 

However, as in the case of mice, one cannot assert that mouse lemurs are like small humans. 

They give birth to two offspring thrice a year after a 60 days gestation and their lifespan can fit to 

the length of the photoperiod. Their lifespan is indeed plastic: mean lifespan is 3.8 years under a 

short “year” (3 months with 8 h light/day and 5 months with 14 h light/day) and 5.3 years under a 

“normal” year (natural light at the 48.7 N latitude, near Paris, France; Perret 1997). In addition, 

lemurs are not homeotherms: during the winter, their temperature, highly correlated to the ambient 

temperature, can fall to 10 °C, they enter a daily torpor (Schmid 2000), and they increase their 

weight by ca 50 % at the beginning of the cold season (Génin and Perret 2000). To sum up, mouse 

lemurs are very different from humans. Therefore, for instance, one cannot exclude that, if a 

“vaccine” against neurodegeneration (neurofibrillary degeneration, amyloid plaques) were 

discovered in lemurs, this vaccine would not work in humans. 

The solution to this dilemma could be to study ageing and lifespan only in rhesus monkeys 

that are more similar to humans than lemurs, provided the laboratory can pursue experiments during 

decades. It is thus not surprising that only a very few studies are done, beginning many years before 

publication: studies of dietary restriction in macaques begun in the 1980s reported the first lifespan 

results in the 2000s (e.g. Colman et al. 2009). Clearly speaking, despite being very informative, 

studies of ageing and lifespan in macaques will remain a tiny part of the studies of ageing in animal 

models. 
 

Lifespan and healthspan in human beings 

Taking into account the previous parts of this chapter, one could be led to conclude that the 

best animal model to study human ageing is Homo sapiens. However, many technical and ethical 

reasons make that studies on human beings, while highly useful for obvious reasons, are not easy to 

perform.  

In addition, like for animal models, lifespan cannot be considered as sufficient to infer 

conclusions about ageing. For instance, it is now well known that life expectancy and disability-free 

life expectancy can diverge: life expectancy can increase while disability-free life expectancy 

stagnates (e.g. Cambois et al. 2013). Among the European Union, France has one of the highest life 

expectancies but its disability-free life expectancy is close to the average (Jagger et al. 2008). It is 

not to say that life expectancy is not an indicator of health, particularly when one compares 

different countries or the changes in a given country. For instance, by contrast with other developed 
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nations, there is a severe health issue in the USA: mortality is increasing and life expectancy is 

stalling (Case and Deaton 2015; Ho and Hendi 2018; Woolf et al. 2018). Today, the USA have the 

lowest life expectancy of high income countries (Ho and Hendi 2018) and the irony is that Cuba, a 

small country that cannot be an economic competitor of the USA, has now a life expectancy similar 

to that of the USA (https://data.worldbank.org/indicator/SP.DYN.LE00.IN?locations=CU). 

Disability-free life expectancy can be a better measure of health than life expectancy, 

particularly for clinicians because, when they know the lifespans of their patients, that simply 

means that their work is over. In any case, it is useless to convince geriatricians and 

biogerontologists working with human beings to focus on healthspan and health indicators rather 

than on lifespan, because this is their daily practice. It is not to say that knowing lifespan is useless, 

but studying lifespan obviously implies that subjects are already dead and the results could apply 

only to extinct cohorts and not to living elderly people. For instance, there is an effect of the season 

of birth on lifespan: people born in Autumn had a higher birthweight and lived longer than those 

born in Spring. This effect is less important in more recent birth cohorts (1889-1918 vs 1863-1888), 

probably because mothers of the ancient cohorts “who gave birth in spring and early summer 

experienced longer periods of inadequate nutrition” (Doblhammer and Vaupel 2001). One may bet 

that this seasonal effect will no longer be observed in cohorts born, say, in the 1960s in high income 

countries. These results show, however, that early events, even when they happen in utero, can be 

of the highest importance for life at old age. For instance, a low birthweight can be predictive of 

cardio-vascular diseases at old age (e.g. Fall 2009; Salam et al. 2014).  

 

Conclusions 

Lifespan and healthspan are not synonyms and knowing the lifespan of animals is not always 

a cue for estimating their physiological state at old age. They can live long with bad or good health 

and, conversely, a short lifespan can indicate bad health or simply an accidental death. 

Biogerontologists should thus try to observe both lifespan and indicators of health, whenever it is 

possible, and not conclude that ageing is delayed when they have simply observed a longer lifespan. 

Many animal models have been used in biogerontology but some of them such as rotifers 

(e.g. Enesco and Verdone-Smith 1980) or Musca domestica (e.g. Sohal and Buchan 1981) are no 

longer used, while new models have appeared such as the short-lived fish Notobranchius furzeri 

(e.g. Cellerino 2009) or the longevous naked mole rat Heterocephalus glaber (Lewis and 

Buffenstein 2016). As emphasised by Cellerino (2009) about N. furzeri, “the full potential of this 

model system for analysis of aging-related phenotypes has yet to be realized”. By contrast, 

biogerontologists working with H. glaber have accumulated many results on the ageing of this 
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animal model, probably because its very peculiar biology (it is an eusocial mammal, like ants are 

eusocial insects) is intriguing and its 30-year lifespan, practically, prohibits studying its lifespan, 

but is an encouragement to study its ageing process. One may hope that future studies, no matter the 

animal model, will try to study both ageing and lifespan, and will not privilege lifespan only, 

thereby suggesting that lifespan is a good surrogate of ageing. It is not. 
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