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Abstract
As the aging population expands rapidly worldwide, it has become increasingly important to identify factors that offer means
to promote healthy aging. It is well documented that advancing age is associated with increased body fat and blunted insulin action.
Centenarians, who are the best model of successful aging, are a unique exception to this phenomenon. Increasing evidence has
documented the preservation of insulin sensitivity and glucose homeostasis along with the very low prevalence of metabolic syndrome,
diabetes, and cardiovascular disease among centenarians. We demonstrated that centenarians have a high serum concentration of
adiponectin, which was associated with a favorable metabolic phenotype, including higher levels of HDL-C and lipoprotein lipase, and
lower levels of hemoglobin A1c, C-reactive protein, and E-selectin concentrations. These observations suggested that high adiponectin
concentration may be potentially important for maintaining health and function and could be a target for Anti-Aging Medicine.
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Introduction

Clinical Phenotypes of Centenarians

One of the most striking features of modern society is the
steady increase in life expectancy, accompanied by the rapid
growth of the “oldest old” population, defined as those 85 years
or older 1,2). In Japan, where female life expectancy at birth
reached 86 years in 2007, the number of the oldest old surpassed
3.6 million, or about 2.8% of the total population in 2009, a
322% increase since 1990. Because the oldest old are vulnerable
to age-related multiple chronic conditions and disabilities, a
major concern is that extension of life will be accompanied
by increasing levels of disease and disability, which demand
considerable personal and social care costs. It has therefore
become increasingly important to identify lifestyle factors as
well as pharmacological intervention which offer means to
alleviate age-related chronic conditions and promote healthy
aging. Centenarians are the best model for healthy aging in
humans, and increasing evidence has documented a very low
prevalence of age-related chronic conditions including metabolic
syndrome, type 2 diabetes (T2DM), and atherosclerosis among
centenarians 1,2) . Elaboration of the mechanistic pathways
that enable centenarians to maintain metabolic homeostasis
would greatly benefit our understanding of improved healthy
aging. In this review, we focus on possible roles of adiponectin,
an insulin-sensitizing adipokine, on regulating longevity in
humans.

For more than a decade, centenarians have been studied to
identify healthy aging phenotypes and describe how to achieve
them 3) . Several key pathways for health maintenance and
longevity have been postulated thus far (Fig. 1). In contrast to
our early expectations, accumulating evidence has disclosed that
most centenarians are survivors of age-related multipathology,
rather than disease-free individuals. In late 1980s, Francesch et
al. first demonstrated the clinical phenotype of centenarians as
age-related inflammatory activation or remodeling, so-called
inflammaging 4). They found that inflammatory cytokines such
as interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis
factor-α (TNF-α) are upregulated in peripheral blood monocytes
obtained from centenarians. Subsequent study demonstrated
hypercoagulability in centenarians, which is characterized by
higher levels of plasminogen activator inhibitor-1 (PAI-1) 5).
The findings of accumulating cardiometabolic risk factors in
centenarians are in contrast to our prediction and are regarded
as the “centenarians’ paradox”. The underling mechanisms of
this phenomenon remain unknown, but one possible explanation
is that inflammaging and hypercoagulability may reflect an
adaptive process by which centenarians counteract age-related
multiple chronic conditions and reduced organ capacity to
maintain homeostasis until the very end of the maximum life
span.
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Fig. 1. Clinical phenotypes of centenarians

Adiponectin Levels in Centenarians

In late 1990s, a series of studies demonstrated that
preservation of insulin action and low prevalence of metabolic
syndrome and T2DM are distinctive among centenarians.
Paolisso et al. used a euglycemic glucose clamp technique
to demonstrate that glucose tolerance and insulin sensitivity
were better preserved in healthy centenarians than in elderly
individuals aged >75 years 6). Cross-sectional studies have
also demonstrated reproducibly that the prevalence of T2DM,
which is closely associated with age-related insulin resistance,
was very low among centenarians. According to a nationwide
survey of the prevalence of circulatory diseases in Japanese
adults in 2000 (Ministry of Health, Labour and Welfare), the
prevalence of T2DM was 2.6%, 6.3%, 11.6%, 15.3%, and 14.7%
among individuals in their 30s, 40s, 50s, 60s, and those age
≥70 years, respectively; however, in the Tokyo centenarians
study, only 6.0% of centenarians had T2DM 7). The Finnish
Centenarians Study revealed a 10% prevalence of T2DM in
Finnish centenarians, which was lower than the prevalence of
T2DM in 65- to 85-year-old Finnish individuals. Previously,
the Italian Multicenter Study on Centenarians had reported that
4.9% of 602 centenarians had T2DM, and the New England
Centenarian Study had reported that 4% of 424 centenarians
had T2DM, results wh ich were each lower versus the
respective aged, but younger populations. Collectively, these
epidemiological findings suggest that centenarians could have
protective factors which counteract age-related inflammatory
activation and hypercoagulability to maintain insulin sensitivity
and energy homeostasis.

Recent epidemics of obesity have given prominence to
adipose tissue as an active endocrine organ that regulates
energy homeostasis by secreting a large number of bioactive
subst ances i ncludi ng lept i n, T N F- α, I L - 6, PA I-1, and
adiponectin, which are ter med collectively adipokines.
Dysregulation of adipokines is now recognized as a common
basis for insulin resistance, hyperglycemia, dyslipidemia,
hypertension, and obesity-associated metabolic syndrome.
Among various adipokines identified, the physiological role
of adiponectin (also known as ADIPOQ, apM1, and ACRP30)
is unique and important. Adiponectin has been shown to
exert anti-diabetic, anti-atherogenic, and anti-inf lammatory
effects in rodents and humans 8). In cross-sectional studies,
plasma adiponectin concentrations were significantly lower
in obese individuals 9) and in those having diabetes, metabolic
syndrome, and CVD 10) and were associated inversely with
body adiposity and insulin resistance. Based on these findings,
we hypothesized that adiponectin is the protective factor
of centenarians, allowing centenarians to maintain their
metabolic and vascular homeostasis and thus achieve healthy
longevity. We therefore measured plasma adiponectin levels in
centenarians and reported that centenarians had higher plasma
adiponectin than body mass index (BMI)-matched younger
adults 11) . In addition, the high plasma adiponectin levels
in centenarians were associated with a favorable metabolic
phenotype, including higher HDL-C and lower hemoglobin
A1c, C-reactive protein (CRP), and E-selectin concentrations
(Fig. 2). Hyperadiponectinemia in centenarians was also
reported by Bik et al. 12); they found an inverse correlation with
adiponectin in a homeostasis model assessment for insulin
resistance (HOMA-IR), which is a reliable marker of insulin
resistance.
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Fig. 2. Association between adiponectin and biomarkers of inflammation and endothelial function

similar to those in previous reports, which showed a gradual
but insignificant increase in adiponectin concentration with a T
allele of SNP 276. No other significant association was found.
In contrast, Aztmon et al. found that two common variants
of the adiponectin gene (ADIPOQ) were associated with
higher adiponectin levels and longevity 16). The discrepancies
between the two studies are unexplained. Recently, a genomewide association study (GWAS) found that plasma adiponectin
level was strongly associated with a CDH13 promoter SNP on
chromosome 16 in a Korean population 17). An international,
collaborative GWAS on centenarians has been launched and
will focus precisely on the genetic link between adiponectin
and longevity.

Recently, a possible association between adiponectin
and extended lifespan has been indicated in several animal
models. Mice with fat-specific disruption of the insulin receptor
gene (FIRKO) have been reported to have reduced adiposity,
lower fasting insulin levels, and extended life spans, as well
as elevated serum adiponectin levels 13). Transgenic (Tg) mice
expressing human adiponectin exhibited lesser fat accumulation
and a smaller adipocyte size in both visceral and subcutaneous
adipose tissue, with lower levels of fasting glucose, insulin,
and leptin versus wild-type mice 14). Transgenic expression of
adiponectin also reduced morbidity and mortality associated
with attenuated oxidative DNA damage in mice fed a high fat
diet. These findings have led to the notion of preserved insulin
sensitivity and hyperadiponectinemia as the universal pathway
to longevity in mammals including humans.

Adipose Tissue Function and Healthy Aging
I n ci r c u m st a nc e s of exc e s s a d ip o sit y, e s p e cia l ly
visceral adiposity, many adipokines are dysregulated, e.g.,
overproduction of TNF-α, IL-6, PAI-1, resistin and leptin;
whereas, adiponectin is down-regulated, which leads to
systemic inflammation and insulin resistance, and eventually,
cardiovascular complications. In contrast, loss of adipose
tissue as in a variety of lipodystrophies and lipoatrophy can
also cause adipokine dysregulation and insulin resistance.
Aging is associated with fat redistribution characterized by
loss of peripheral subcutaneous fat, as well as accumulation
of central fat. Interestingly, recent experimental evidence has
demonstrated that cellular aging (senescence) of adipose tissue
also stimulates an inflammatory cascade and causes insulin
resistance 18). These findings suggest that older people are

Adiponectin Gene Variation and Longevity
Several SNPs at the adiponectin locus are reportedly
associated with the risk of T2DM in the Japanese population.
To examine the possible association between this locus and
longevity, 10 polymorphisms at the adiponectin locus, including
8 SNPs described by Hara et al. 15), were genotyped in 233
DNA samples from centenarians (188 female, 45 male) and 151
DNA samples from healthy volunteers (90 female, 61 male;
mean age 37.7±11.5 y/o, range 20-65 y/o) by direct sequencing
11) . These polymorphisms showed no significant difference
between centenarians and controls. We f ur ther st udied
associations between each genotype and plasma adiponectin
concentration in 66 female centenarians and observed a trend
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susceptible to adipokine dysregulation from either visceral
obesity or lipoatrophy of subcutaneous fat, and the burden
of dysregulated adipokines could be more significant in the
elderly population. To investigate this notion, we examined
a series of adipokines, including leptin, adiponectin, and
TNF-α, and investigated the associations between adipokine
dysregulations and all-cause mortality among a cohort of
252 centenarians 19). We found that the lowest tertile of leptin
and the highest tertile of TNF-α, respectively, was associated
significantly with higher all-cause mortality in centenarians.
Additionally, cumulative dysregulation of multiple adipokines,
including leptin, adiponectin, and TNF-α, constitutes a strong
marker of poor prognosis among centenarians independent
of conventional risk factors such as low serum albumin,
interleukin-6, and HDL-C concentration. In contrast to obesityrelated conditions, adipokine dysregulation of centenarians was
associated uniquely with very low levels of leptin and low BMI,
suggesting that age-related fat loss or lipoatrophy constitutes
a dominant part of adipose tissue dysfunction in centenarians.
These findings are somehow in accordance with the protective
roles of fat mass against morbidity and mortality in geriatric
patients and in maintenance hemodialysis. Although further
studies are needed to address adipocyte size, aging metabolism,
and age-related pathology, maintenance of adipose tissue mass
and function may be indispensable for survival under energy
deprived states such as cachexia, wasting syndrome, and agerelated chronic inflammation.
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Conclusion
Accumulating evidence suggests that insulin sensitivity
and hyperadiponectinemia are key phenotypes of centenarians;
however, the mechanisms of the link between adiponectin
and healthy aging remain unknown. While epidemiological
and experimental evidence supports the anti-diabetic effect of
adiponectin, evidence on the association between adiponectin
and cardiovascular risk is conf licting, and several studies
have reported that high levels of circulating adiponectin are
associated with higher mortality in chronic heart failure patients
20). Further study is needed to elaborate the cardioprotective
effects of adiponectin. Preservation of musculoskeletal function
and prevention of physical disability are also necessary to
maintain health and independence throughout a very long
life. Recently, adiponectin was demonstrated to enhance
musculoskeletal function through activation of AMPK and
SIRT1 21), suggesting that this molecule may have promising
effects on prevention of sarcopenia, a common component
of frailty associated with aging. Although further studies are
needed to clarify the mechanistic pathways, upregulation of
adiponectin or enhancement of adiponectin signaling is a
potentially promising target for Anti-Aging Medicine.
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