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Open arrows (HDL, dominant and low CETP activity) indicate possible markers for healthy aging and longevity. Red dotted arrows indicate

adverse effects of advancing age on lipoprotein metabolism.

ABCA1: ATP-binding cassette transporter 1; APO A1: Apolipoprotein A1; CE: Cholesteryl ester; CETP: Cholesteryl ester transfer
protein; FC: Free cholesterol; HDL: High-density lipoprotein; HL: Hepatic lipase; LCAT: Lecithin-cholesterol acyltransferase;
LPL: Lipoprotein lipase; PLTP: Phospholipid transfer protein; SR-A: Scavenger receptor A; SR-B1: Scavenger receptor B1;

TG: Triglyceride; VLDL: Very low-density lipoprotein.
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study with 4128 subjects aged over 65 years, low
TC level was associated with higher all-cause
mortality and, within the low cholesterol sub-
jects, mortality risk was highest in those with
low albumin and low HDL-C levels, and lowest
in those with high albumin and high HDL-C
levels 3. The usefulness of combined measure-
ment of serum albumin and HDL-C for pre-
dicting frailty was also demonstrated in 344
nursing home residents (49). The predictive value
of HDL-C as a single marker of frailty has not
been documented, presumably due to the diver-
sity in frailty phenotype and elusiveness of its
definition. Conversely, associations between low
HDL-C and physical disability, one well-char-

acterized component of frailty, have been more

clearly defined. Zuliani and colleagues reported
that severe disability, which was described as
difficulties in basic activities of daily living
(BADL), was independently associated with low
HDL-C, and lower basal HDL-C could predict
further decline in BADL at the 2-year follow-
up (50]. However, there is a gap between the epi-
demiological findings and results from an inter-
ventional study. Recently, it was demonstrated
that statin treatment for more than 5000 elderly
individuals aged over 70 years lowered LDL-C
by 34%, elevated HDL by 5% and reduced car-
diovascular death, but had no impact on cog-
nitive function or physical disability 511
Further studies are needed to establish a reliable
biomarker for frailty.
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Cognitive function & HDL in the oldest old

The APOE4 allele is reproducibly associated with
a greater risk for Alzheimer’s disease (AD), CVD,
and hypercholesterolemia (52-54. In the last
10 years, numerous studies have investigated the
possible role of dyslipidemia in the pathogenesis
of AD as well as vascular dementia (VD); how-
ever, the results have been conflicting. In a pro-
spective study, hypercholesterolemia in mid-life
was associated with an increased risk of AD
more than 20 years later (551 however, others did
not find any associations between TC, HDL-C,
and AD (56,57). On the other hand, the associa-
tions between low HDL-C and cognitive decline

. in the oldest oid population seems to be more

consistent. Atzmon and colleagues reported that
cognitive dysfunction in centenarians was associ-
ated with a progressive decline in plasma
HDL s8. Although the pathophysiology of
dementia in this population is not fully uncov-
ered, it generally implies vascular components.
However, van Exel and colleagues demonstrated
that cognitive impairment in the oldest old was
at least partially independent of atherosclerotic
disease [59]. They reported that in the Leiden 85-
plus cohort, low Mini Mental State Examination
(MMSE) scores were associated with low
HDL-C levels, even when subjects with CVD
and stroke were excluded, suggesting that the
antiaggregaton and ant-inflammatory proper-
ties of HDL might explain the association
between HDL and cognitive impairment. In the
Tokyo Centenarians study, we demonstrated that
the level of HDL-C, but not TC or LDL-C, was
significantly lower in the subset with cognitive
impairment [9). Centenarians with cognitive
impairment were characterized by a cluster of
deteriorating traits including lower albumin,
higher CRP and IL-6, lower ADL scores, and a
higher rate of APOE4, so that simultaneous
effects of these factors on HDL-C levels could
not be excluded. Cognitive impairment in the
oldest old is multifactorial, and low HDL-C may

be a surrogate marker rather a determinant.

Metabolic syndrome & healthy aging: are
they two sides of the same coin?

Metabolic syndrome {MS) is described as a clus-
ter of abnormalities, including insulin resistance,
high fasting glucose, central obesity, hypertrig-
lyceridemia, and low HDL-C, on the basis of
significant risk for CVD and diabetes. In some
aspects, longevity phenotype can be regarded as
the other side of the coin for the MS phenotype.
Insulin resistance has been proposed as the prime
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component of the multifaceted phenotype of the
MS. In contrast, preserved insulin sensitivity (60]
and better adipocytokine profiles [61] were rela-
tively common characteristics of centenarians.
Atzmon and colleagues reported that the preva-
lence of the MS and CVD was low in centenari-
ans and their offspring [12,621. More recently, they
investigated 66 single nucleotide polymorphisms
(SNPs) in 36 candidate genes involved in lipo-
protein metabolism, and found that homozygoc-
ity for the -641 C in the APOC3 gene was
associated with a lower prevalence of hyperten-
sion, greater insulin sensitivity, higher HDL-C
levels and increased longevity [63], suggesting
that a low frequency of MS-related traits could
be associated with longevity. Caloric restriction
(CR), which is the only established intervention
to slow aging and extend lifespan in organisms
from yeast to mammals, may provide another
clue to understanding the relationship between
the MS and longevity. Although the life-long
effects of CR in humans remain unknown, accu-
mulating evidence suggests that prolonged CR
improves body composition, decreases levels of
TC, triglyceride (TG), LDL-C, fasting insulin
and blood pressure, and raised HDL-C in non-
obese individuals (6465]. Furthermore, CR in
obese subjects with the MS was associated with
dramatic improvement in all aspects of the syn-
drome [66]. We previously reported that the die-
tary intakes of centenarians were approximately
25 keal/kg body weight, which was comparable
to that of healthy octogenarians [67. However,
the calorie intake of centenarians does not neces-
sarily reflect their lifllong dietary pattern. We
may have to wait for several decades to obtain
definite conclusions on the association between
CR, the MS and longevity in humans.

Low birthweight, a marker for adverse intrau-
terine environment, is another issue of interest
in relation to the MS and aging. In the Hert-
fordshire (UK) cohort born in 1911-1930, low
birthweight and accelerated weight gain in early
childhood was demonstrated to have large
effects on the incidence of CVD and the MS in
later life [68.691. In another study of postmeno-
pausal women aged 50-84 years, low birth-
weight was associated with lower HDL-C,
higher waist:hip ratio in later life, and, when
combined with adult obesity, the prevalence of
the MS in women with low birthweight was
considerably higher 70). These findings sug-
gested that a substantial part of the risk for CVD
and MS is established during early development,
presumably by developmental plasticity and
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compensatory growth. Many questions on the
association between intrauterine environment
and healthy aging and longevity remain for
future research.

Is hyperalphalipoproteinemia a

longevity syndrome?

A possible association between high HDL-C lev-
els and longevity has been proposed for more
than 30 years. Familiar  hyperalphalipo-
proteinemia, a rare form of dyslipidemia charac-
terized by an extremely high HDL-C level and a
strong genetic component, was first described as
a longevity syndrome in the 1970s (4). There-
after, hyperalphalipoproteinemia caused by
CETP deficiency was proposed as a possible lon-
gevity factor due to its antiatherogenic lipo-
protein phenotype with an increased ratio of
HDL, to HDL; subclass 3. We previously
studied the lipid profiles of 256 centenarians,
among whom the highest value for HDL-C was
113 mg/dl, which was related to a CETP gene
mutation at intron 14 and LPL muration in
addition to extremely high physical and cogni-
tive function. However, CETP deficiency was
not always related to good health or high
HDL-C in centenarians [201. The 1405V poly-
morphism in the CETP gene was associated with
longevity; however, the genotype was not associ-
ated with high levels of HDL-C, but with larger
particle size of HDL and LDL p21. Also, we
should be aware that individuals with certain
CETP mutations and normal to moderately high
HDL levels are at increased risk for CVD (71).
Apart from the genetically determined hyperal-
phalipoproteinemia, high HDL-C is generally
connected with good health. In a longitudinal
follow-up study of 5888 individuals over the age
of 65 years, high levels of HDL, low levels of
CRP and physical activity was associated with
health aging (721. Associations between hyperal-
phalipoproteinemia and longevity are promising
but as yet unproven. Further research should
focus on a specific mechanisms underlying
hyperalphalipoproteinemia.

It might be worthwhile to gain a better under-
standing of HDL metabolism in progeria, the
premature aging syndrome, as compared with
slower aging. Recently, Gordon and colleagues
reported interesting results on lipoprotein pro-
file in children with Hutchinson—-Gilford Prog-
eria Syndrome (HGPS), a rare premature aging
syndrome caused by the Lamin A (LMNA) gene
defect (73]. Although mean TC, LDL-C and
HDL-C levels were similar between children
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with HGPS and age-matched control children,
HDL-C levels decreased profoundly with age in
children with HGPS, but not in controls. In
addition, serum adiponectin levels also
decreased with increasing age in HGPS, and lev-
els of adiponectin were positively correlated with
HDL in HGPS children. These findings were
particularly informative when compared with
our results demonstrating that serum adiponec-
tin levels were significantly higher in centenari-
ans than in healthy elderly individuals with a
mean age of 75 years. Adiponectin levels were
strongly correlated with HDL-C, and negatively
correlated with vascular endothelial marker in
centenarians [61]. The underlying mechanism of
abnormalities in HDL and adiponectin metabo-
lism in HGPS remains unknown; however, the
authors speculated that loss of adipose tissue
mass and function might have a key role in pre-
mature atherosclerosis in HGPS. Together with
our results from the centenarian study, this sug-
gests that adipose tissue might be essential for
healthy aging.

Future perspectives

Low HDL-C is definitely a strong risk factor for
CVD in the elderly; however, therapeutic targets
specifically focused on raising HDL-C levels
have not been established except by means of
enhancing physical activity. A drug that poten-
tially raises HDL-C levels by CETP inhibition
has recently gone under trial [74]. It is an impor-
tant issue to be answered whether massive eleva-
tion of HDL-C levels by pharmacological
intervention could improve CVD risk as well as
overall health status, including cognitive func-
tion, in the oldest old, a particularly vulnerable
population for lower HDL.

Although numerous attempts have been
made to describe the association between
serum lipids, namely HDL-C, and longevity,
we have not reached a definitive consensus.
One reason for inconsistent results is that
serum lipid level is affected by a number of
factors such as weight change, diet and nutri-
tion, use of medications, smoking, acute-phase
response, comorbiditiy and subclinical disease,
physical activities, and aging itself, particularly
in the oldest old. Recently, genetic variations
of microsomal triglyceride transfer protein
(MTP) and CETP 1405V gene polymorphism
were demonstrated to be associated with lon-
gevity in two independent studies (12,75), and
these findings encourage the hypothesis that
lipoprotein could be a promising pathway to
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Introduction : ) : L

» Clinical evidence highlights the importance of high-density lipoprotein cholesterol (HDL-C) levels as a negatiVe nsk fécter for
cardiovascular disease (CVD) in the oldest old. In addition, observational studies showed that high HDL-C levels may be associated
with healthy aging and longevity, suggesting that HDL-C could be used as a marker for overall health status in the oldest old

HDL cholesterol & its subpopulation in the oldest old

e In general, levels of HDL-C as well as total cholesterol decreased with aging; however, in the oldest old the Ievels of HDL—C were
variable and likely to reflect the underlying metabolic context. Larger particles in HDL subclasses may be a better indication of
healthy aging and longevity.

Antiatherogenic property of HDL
Reverse cholesterol transport

e Reverse cholesterol transport is a key concept in terms of the antiatherogenic and longevity-promoting effects of HDL. Several
polymorphisms in the cholesteryl ester transfer protein (CETP) gene, which cause reduced CETP activity and higher HDL-C levels
have been demonstrated to be associated with longevity.

Antioxidative and anti-inflammatory properties of HDL

o Although data are limited, evidence suggests that antioxidative as well as anti-inflammatory effects of HDL could be related to
longevity. Paraoxonase activity and gene polymorphisms have been vigorously investigated in relation to healthy aging; however,
a definitive conclusion has not yet been reached.

Practical use for HDL-C as a marker of overall health status in the oldest old
HDL-C as a marker of frailty in the oldest old

e CVD and its risk factors are often associated with frailty in the oldest old. Low levels of HDL-C, especially accompanied by low
albumin and/or high CRP is proposed as a predictive factor for frailty and physical disability.

Cognitive function & HDL in the oldest old

s Low HDL-C levels were consistently associated with cognitive decline in the oldest old; however, the pathophysiology of dementia
in this population is multifactorial and HDL-C levels may be a surrogate marker, rather than a determinant.

Metabolic syndrome & healthy aging: two sides of the same coin?

o Accumulating evidence suggests that the low frequency of metabolic syndrome-related traits could be associated with longevity.
Although the life-long effect of calorie restriction in human is still unclear, prolonged calorie restriction improved all aspects of the
metabolic syndrome and may be associated with health aging.

Is hyperalphalipoproteinemia a longevity syndrome?

o In general, high HDL-C levels are associated with good health in the elderly. Familiar hyperalphalipoproteinemia has been
proposed as a longevity syndrome for long time; however, detailed mechanisms remain unknown. There is a striking contrast
between HDL metabolism in Hatchinson-Gilford progeria syndrome and centenarians, suggesting adipose tissue might be
essential for normal aging and longevity.

Future perspective

o The question of whether massive elevation of HDL-C levels by pharmacological intervention, including a CETP inhibitor, could
improve CVD risk as well as overall health status including cognitive function in the oldest old is an important issue.

e Longitudinal follow up of the offsprings of centenarians could be a powerful tool in investigating the association between
lipoproteins and longevity.

e The Association between HDL-C and frailty is an issue to be vigously focused on in the future with a common platform.

Conclusion

e Low HDL-C levels in serum is definitely a strong and independent risk factor for CVD in the elderly, and those with the lowest HDL-C
levels have benefitted most from pharmacological intervention. To establish the therapeutic strategy for low HDL-C among the
oldest old is a priority; however, underlying mechanism of low HDL level should be carefully interpreted especially in the oldest old.
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human longevity. It was reported that off-
spring of centenarians had favorable lipid pro-
file and low CVD risk (7¢]. Longitudinal follow
up of this cohort could bring further progress
in this field.

The association between HDL-C and frailty
is an issue to be vigorously focused on in the
future, since from the point of view of health
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promotion, frailty among the elderly is of great
concern and we have not identified reliable
biomarkers for the syndrome. Diversity in the
clinical phenotype makes it difficult to establish
a common approach to frailty even in its defini-
tion. Recently the Interventions on Frailty
Working Group developed recommendations
for clinical trials aimed at the prevention of
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disability (77). These methodological develop-
ments could efficiently yield further insights
into this field in the near furure.

Conclusion

Low serum HDL-C levels are definitely a strong
and independent risk factor for atherosclerosis
in the elderly and the very old (aged 85 years
and over). More importantly, in the PROspec-
tive Study of Pravastatin in the Elderly at Risk
(PROSPER), the first clinical trial to specifically
focus on the clinical benefits from statins in the
elderly, it was demonstrated that those patients
with the lowest HDL-C levels had the greatest
risk reduction for CVD (51). Therefore, estab-
lishing a therapeutic strategy for low HDL-C
among the oldest old is a priority. However, we
should carefully interpret the metabolic context
underlying low HDL levels, especially in the
oldest old, because, as mentioned above, coexist-
ing malnutrition, age-related inflammatory acti-
vation, catabolism and weight loss (a feature of

Aging and HDL metabolism — REVIEW

frailty) become much more common in this
population. For this reason, dual measurement
of serum albumin and CRP might enhance the
prognostic value of HDL-C as a marker for
overall health status in the oldest old.

Although research is still limited, some epide-
miological evidence suggests that high HDL-C
levels could be relevant to healthy aging and lon-
gevity, presumably by cardioprotective effects.
Obviously, we need much more evidence, espe-
cially from interventional studies, to confirm this
hypothesis. At present, enhancing or maintain-
ing HDL-C levels by encouraging physical exer-
cise and dietary intervention with careful
observation should be recommended, even in
the oldest old.

To obtain further insight into the mechanis-
tic roles of HDL on the pathophysiology of
CVD with or without geriatric syndrome,
much more effort, including longitudinal fol-
low up of cohorts and clinical intervention with
proper targets will be needed.
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