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PREFACE

One of the great achievements of the twentieth century was a dramatic increase in life expectancy. In fact,
during the period of 1900/1902 to 2011, life expectancy increased from 48 to 76 years in white males and from
51 to 81 years for white females in developed countries such as the USA, whereas the total deaths per 1,000 popu-
lation decreased from 17.2 to 8.0 during the same period (http://www.infoplease.com/ipa/A0005140.html).
Although this may tell us that we are on the road to immortality, the resulting economic impact on society of
this rise in life expectancy can not be underestimated, not only for the increased government spending in the time
of pension, but also for the alarming rise in cost and, consequently, increased spending on health care.

In Part Il of the thematic issues on “Aging and Disease” of this journal, several important aspects on this topic
are extensively reviewed and discussed by experts in the field, including the relationship of Alzheimer’s disease
with abnormalities in glucose metabolism, the problem of frailty and sarcopenia in the elderly, which the author
of the review rightly called “new geriatric giants”, the important topics of aging and kidney transplantation and
pulmonary fibrosis, and the diseases associated with immunosenescence. The issue closes with an original article
presenting the results of a secondary longitudinal analysis of the Costa Rican Longevity and Healthy Aging Study
on the value of frailty indices to predict adverse outcomes in the elderly population. We hope that the information
contained in the collection of articles presented in Parts | and Il of these thematic issues will be useful to the
readers of our journal and that the topics discussed promote research on this transcendental area.

The Editors of Revista de Investigacion Clinica —Clinical and Translational Investigation— and the Guest Editors of
these thematic issues want to express their appreciation to the authors for their efforts and time invested to
achieve this important journal’s task as well as for providing contributions in a timely fashion.

ALFREDO ULLOA-AGUIRRE

Editor-in-Chief

Corresponding author:

Alfredo Ulloa-Aguirre, M.D., D.Sc.

Research Support Network

UNAM-Instituto Nacional de Ciencias Médicas y
Nutricion Salvador Zubiran

Vasco de Quiroga 15, Colonia Seccion XVI,
Tlalpan C.P. 14000, Ciudad de México

E-mail: aulloaa@unam.mx
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THE ROLE OF INSULIN RESISTANCE
AND GLUCOSE METABOLISM DYSREGULATION
IN THE DEVELOPMENT OF ALZHEIMER S DISEASE

IsABEL ARRIETA-CRUZY* AND ROGER GUTIERREZ-JUAREZ?

Department of Basic Research, National Institute of Geriatrics, Mexico City, Mexico; 2Department of Medicine, Albert
Einstein College of Medicine, Bronx, New York, USA

ABSTRACT

Alzheimer’s disease is a chronic neurodegenerative disorder affecting millions of people worldwide, characterized by a progressive
decline in cognitive functions. Factors involved in the pathogenesis of Alzheimer’s disease include metabolic alterations such as
insulin resistance and hyperglycemia, both of which are also hallmarks of type-2 diabetes mellitus. The accumulation of -amyloid
peptides in the brain of Alzheimer’s patients is responsible in part for the neurotoxicity underlying the loss of synaptic plasticity
that triggers a cascade of events leading to cell death. A large number of studies revealed the key role of the hippocampus and
cerebral cortex in the memory and learning deficits of Alzheimer’s disease. Although ample evidence suggests a link between
altered insulin action, the dysregulation of glucose metabolism, and f-amyloid accumulation in animal models and humans with
Alzheimer’s, no supporting evidence was available. In this article, we review the potential toxic effects of p-amyloid in the
hypothalamus, a brain center involved in the control of insulin action and glucose metabolism. Furthermore, we discuss our
recent studies unraveling a novel neurotoxic action of g-amyloid that perturbs hypothalamic glucoregulation, leading to increased
hepatic glucose production and hyperglycemia. These findings provide evidence for a link between g-amyloid toxicity and altered
glucose metabolism. (REV INVES CLIN. 2016;68:53-8)

Key words: Alzheimer’s. Diabetes. Amyloid peptide. Glucose metabolism. Insulin resistance. Hypothalamus. Liver.

THE ROLE OF p-AMYLOID PEPTIDES IN memory deficit. Neuropathological analysis of AD brains
ALZHEIMER’S DISEASE shows extensive cortical atrophy caused by severe

neuronal loss. At the histological level, hallmarks of
Alzheimer’s disease (AD) is a progressive neurodegen- the disease are the presence of neurofibrillary tangles
erative disorder and the most common cause of de- and neuritic plaques surrounded by extensive areas of
mentia in elderly people. It is characterized by a pro- inflammation (astrogliosis and microglial activation),
gressive loss of cognitive abilities including a pronounced mainly the cerebral cortex and hippocampus®. The
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principal constituent of the neurofibrillary tangles is the
cytoskeletal protein tau in its hyperphosphorylated
form. Neuritic plaques instead, consist of abnormal
depositions of p-amyloid (Af) peptides of varying
length, predominantly the 40 and 42 amino acid resi-
due peptides known as Ap, ,, and Ap, ,,, respectively,
surrounded by dystrophic neurites. Ap peptides are
produced after proteolytic cleavage of the AB precursor
protein (ABPP) through the action of the f- and
y-secretases in the so-called amyloidogenic pathway.
In contrast, in the non-amyloidogenic pathway the ac-
tion of a- and y-secretases on ABPP prevents the
production of Ap peptides?# (Fig. 1).

Extensive evidence has demonstrated the neurotoxic
effect of Ap peptides on synaptic transmission and
neuronal plasticity in experimental models in vitro
and in vivo. For example, overproduction of A in
dendrites and axons not only reduces the number of
synapses but also their plasticity>¢. Transgenic mouse
models of AD revealed a marked decrease in the den-
sity of dendritic spines as well as severe disturbances
in neurotransmission, resulting in altered neuronal
plasticity”8. These alterations in dendritic spines clin-
ically correlate with symptoms in AD patients®. The
neurotoxic effects of AR peptides are more severe
and harmful when they are caused by Ap soluble
oligomers since these block long-term synaptic po-
tentiation, producing severe damage of synaptic plas-
ticity with the consequent negative impact on mem-
ory and learning!%!l. The accumulation of abnormal
fibrillary deposits of A or their soluble forms leads
to permanent synaptic alterations in the brain thus
impacting AD progress.

In vivo rodent experimental models have been widely
used to understand the neurotoxic mechanisms of Ap
peptides and their key role in the neurodegenerative
damage leading to dementia in AD!213, Studies of
chronic infusions of Ap into the cerebral ventricles
of rats showed a pattern of extensive neuronal degen-
eration and death!4, alterations in hippocampal synaptic
transmission and plasticity*>, and a deficit in the levels
of neurotransmitters, including acetylcholine, dopa-
mine, and certain neuropeptides'®17. These changes
are similar to those observed in AD patients and are
highly associated with behavioral alterations. Studies
on the effects of co-infusing A in the hippocampus
of rodents have demonstrated a severe behavioral
deficit of spatial memory'8-2°. These pharmacological
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interventions have been useful in the study of the
effects of Ap peptides on memory and learning, sim-
ilar to those observed in AD patients.

THE HYPOTHALAMUS
AND ALZHEIMER'’S DISEASE

The neuropathology of AD affects cortical as well as
subcortical structures of the central nervous system
(CNS). Neuritic plaques observed in AD patients are
distributed predominantly in the hippocampus and
neocortex where dense deposits of Ap peptides are
observed?!. Morphological studies using immunohis-
tochemical methods have identified a kind of neuritic
plaque called diffuse or amorphous plaque in the hy-
pothalamus of patients with AD. Diffuse plaques are
formed by deposits of fine fibers of AB, where dystro-
phic dendrites around the plaques and an AB dense
center are not present as observed in the classical
form of neuritic plaques?2. However, the presence of
neuritic plaques with a much lower density than those
found in the hippocampus or entorhinal cortex have
been observed in the hypothalamus of humans affected
with AD?3. In the hypothalamus, the distribution of
diffuse plaques is wider than that of neurofibrillary
tangles. Postmortem studies in the brains of AD pa-
tients have shown that diffuse plaques are distributed
from the caudal region of the pre-optical area to the
pre-mammillary region of the hypothalamus, including
the medial and lateral region. This is in contrast with the
distribution of neurofibrillary tangles whose distribu-
tion is restricted to the lateral and posterior region of
the hypothalamus2425. Only the region of the supra-
optic nucleus and the magnocellular part of the para-
ventricular nucleus of the hypothalamus appears to
be free of diffuse plaques and neurofibrillary tangles?>.

THE ROLE OF THE MEDIOBASAL
HYPOTHALAMUS IN THE REGULATION
OF INSULIN ACTION

The regulation of insulin action and glucose metabo-
lism is an extremely complex function that requires
the synchronized communication between various
systems in order to integrate biochemical, hormonal,
and neurogenic signals arising in peripheral tissues
and organs such as the liver, skeletal muscle, or adi-
pose tissue. These signals are relayed to the brain
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areas responsible for the control of food intake, body
weight, and energy metabolism?2¢-27. Circulating nutri-
ents are derived from two main sources: (i) exogenous,
produced by the digestion of ingested food, and (ii)
endogenous, carbohydrates and lipids produced by the
liver. Circulating nutrients, such as glucose, lipids and
amino acids, increase the plasma levels of leptin and
insulin. These hormones activate efferent pathways
in the hypothalamus, which then send signals to in-
hibit food intake and the production of glucose by the
liver28.2°, Insulin or leptin administration in the hypo-
thalamus induces rapid changes in glucose mobilization
from peripheral tissues, mainly the liver and skeletal
muscle3031, The ability of systemic insulin to suppress
hepatic glucose production is due in part to the activa-
tion of insulin receptors located specifically in the arcu-
ate nucleus of the mediobasal hypothalamus (MBH)31.

The MBH has been proposed as a key neuronal center
in the control of glucose metabolism. Perturbations of
the homeostatic hypothalamic circuits are sufficient to
produce obesity and insulin resistance?®. Activation of
insulin signaling in the MBH, including the insulin recep-
tor and phosphoinositide-3-kinase (PI3K) as well as the
activation of ATP-dependent potassium (K,;,) channels
constitutes a strong direct stimulus to trigger neuro-
genic signals to the liver, via the efferent vagus nerve,
to suppress hepatic glucose production32. Other studies
in this direction implicate the interleukin-6/signal trans-
ducer and activator of transcription 3 (IL-6/STAT3)
signaling pathway in the inhibition of gluconeogenic
enzyme transcription in the liver33. All these studies
revealed a key role of the MBH in the fine-tuning of
insulin action for the control of glucose metabolism.

RELEVANCE OF INSULIN
IN ALZHEIMER’S DISEASE

The presence of insulin and the insulin receptor (IR) in
the CNS suggests that the brain is a target for the action
of insulin. Indeed, insulin exerts multiple effects in the
brain, including neurotrophic, neuromodulatory, and
neuroendocrine actions. Insulin reaches the brain via
the blood brain barrier (BBB) or, in some instances,
through its local production in the brain34. IR has been
found in high concentrations in several areas of the
brain, including the olfactory bulb, hypothalamus, hip-
pocampus, and cortex of rodent and human brains3>.
Some of the effects of IR activation on food intake
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regulation, energy metabolism, and reproductive func-
tion have been studied in genetically modified mice
models that do not express the IR in the brain. These
animals display a phenotype characterized by increased
food intake; diet-induced obesity; increased body adi-
posity; elevated circulating insulin, leptin, and triglycer-
ides; mild insulin resistance; and altered reproductive
function3¢37. On the other hand, abundant evidence
suggests a role for IR in the modulation of synaptic
activity in the CNS through its effects on the release
and re-uptake of neurotransmitters38-4%, The presence
of functional IRs in the hippocampus and cerebral cor-
tex are important for cognitive function442. To dem-
onstrate the effects of insulin on cognition, rats were
treated with streptozotocin (a diabetogenic toxin) in
the third cerebral ventricle, causing a deficit in energy
metabolism, memory, and learning*3. The molecular
mechanisms by which insulin affects cognitive func-
tions have been examined in studies of insulin signaling
in AD. For instance, it has been reported that IR expres-
sion is increased, while its tyrosine kinase activity is
decreased, in the brain of patients with AD, suggesting
defects of insulin signaling*4. More recent studies have
indicated that insulin regulates the metabolism of the
proteins AB and tau, the main components of senile
plagues and neurofibrillary tangles, respectively, and
constituents of the characteristic neuropathological le-
sions in AD. The association of tau with the microtu-
bules is regulated through protein phosphorylation by
protein kinases including glycogen synthase kinase 3
(GSK-3B). The GSK-3p is a main component of the
insulin signaling pathway, and its activity is controlled
by the binding of insulin and insulin-like growth factor
1 (IGF-1) to the IR#>. Studies in neuronal cultures dem-
onstrated that insulin and IGF-1 decreases tau phos-
phorylation and promotes its binding to microtubules
via GSK-3B inhibition by PI3K#¢. It has also been re-
ported that insulin and IGF-1 transiently increase tau
phosphorylation on specific residues as a consequence
of GSK-3p activation by Fyn tyrosine kinase*’. In the
case of interaction of A peptides with insulin signaling,
some studies have proposed that insulin may promote
the accumulation of AB peptides through the stimulation
of ABPP processing after activation of the mitogen-
activated protein kinase (MAPK) pathway#® (Fig. 1).
Other studies have proposed a role for the insulin-de-
grading enzyme (IDE) in the molecular cascade leading
to the abnormal accumulation of Ap in the brain of
people with AD. IDE is a metalloproteinase that de-
grades insulin and other small peptides, including Ap.
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Figure 1. Schematic representation of the role of insulin sig-
naling in the metabolism of B-amyloid and the impact of
hyperglycemia and hyperinsulinemia in the activity of the
amyloidogenic pathway. High insulin and glucose levels are
proposed to promote the abnormal accumulation of toxic
B-amyloid peptides as a result of the stimulation of B-amyloid
precursor protein processing mediated by insulin-dependent
activation of the mitogen-activated protein kinase pathway.
Conversely, high insulin and glucose block the activation of
the non-amyloidogenic pathway, decreasing the production
of non-toxic soluble peptides that promote neuronal sur-
vival. MAPK: mitogen-activated protein kinase; AB: B-amyloid;

APP: AB precursor protein.
| Insulin |T

T | Glucose |

MAPK activation

APP

o-secretase

L |A[5 peptides | | non-Ap peptides | N

v v

| Neuritic plaques | | Neuronal survival |

Cell death

p-secretase

amyloidogenic pathway

non-amyloidogenic pathway

I<_

It has been hypothesized that the binding of insulin to
IDE not only stimulates the degradation and disposal
of AB during hyperinsulinemia, but also promotes the
formation of Ap plaques*°.

Recently, we have shown that an Af short fragment,
the amino acid sequence 25-35 (Ap, ;) participates
in the dysregulation of the glucose metabolism in a
non-diabetic animal model. We tested the hypothesis
that AB,. ;. may have a toxic action in the MBH that
perturbs central glucoregulation. To this aim, we first
determined whether short-term exposure of the hy-
pothalamus to Ap,. ;. alters the circulating levels of
both glucose and insulin by infusing A, ,.in the MBH
of young rats. We observed that the acute intrahypo-
thalamic infusion of AB,. ;. increased plasma glucose

56

Figure 2. Schematic representation of the brain-liver interaction
proposed to mediate the central toxic effect of Ap,, ;. on
liver glucose metabolism. Acute exposure of the mediobas-
al hypothalamus to A, ;. (shown in this rat sagittal brain
middle section) blocks the glucoregulatory neuronal activity
that normally sends appropriate neurogenic inhibitory signals
through the hepatic vagal efferent innervation. The net result
is an increase of liver endogenous glucose production and
hyperglycemia. Ap: AB,, ;. peptide; MBH: mediobasal hypo-
thalamus; GRN: glucoregulatory neurons; EF: efferent flow;
A: brain anterior face; P: brain posterior face.

BRAIN

Vagus Nerve
(hepatic branch)

X

T

=

1'} Glucose Production Insulin

and insulin levels in comparison with the control pep-
tide animal group. To gain insight into the mechanisms
by which AB, ;. increased glucose levels, we examined
its effect during the course of pancreatic basal insulin
clamps designed to maintain fixed and basal circulat-
ing insulin levels. Glucose kinetics measurements per-
formed during the clamps showed that A, .. caused
a marked increase of endogenous glucose production,
reflected by the decrease in the glucose infusion rate
to maintain normal glucose levels and by the failure of
the system to efficiently suppress glucose production
by the liver. Furthermore, we did not observe changes
in glucose utilization by peripheral tissues in the ani-
mals infused with Ap, ,.in the MBH>°. These results
unraveled a novel neurotoxic action of Af that perturbs
hypothalamic glucoregulation, leading to increased he-
patic glucose production and hyperglycemia. Further-
more, our findings provide a previously lacking piece
of experimental evidence for a direct link between AB
toxicity and altered glucose metabolism (Fig. 2).
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DIABETES AND ALZHEIMER’S DISEASE

Type 2 diabetes mellitus (DM2) is one of the most
common metabolic disorders and its prevalence and
incidence has increased worldwide. Several epidemio-
logical studies have suggested that DM2 is involved
in the development of dementia in AD>!->3; however,
the factors linking DM2 with AD are largely unclear.
Some of the risk factors proposed to play a role in the
neurodegenerative process and the progression of de-
mentia in AD include: hyperglycemia, insulin resistance,
oxidative stress, activation of inflammatory cytokines,
and damage to the micro/macrovascular system>4.
Clinical studies of patients with AD have yielded in-
triguing results. For example, high fasting blood insu-
lin accompanied by low insulin levels in the cerebro-
spinal fluid (CSF) has been reported in patients with
AD?>>. In contrast, studies of AD patients with varying
degrees of severity of the disease display different
profiles since individuals with milder forms of AD dis-
play high fasting plasma glucose and insulin, while in
individuals with severe AD the hyperglycemia is not
accompanied by hyperinsulinemia>®. Prospective stud-
ies of patients with milder forms of AD and dementia
progression revealed that low circulating insulin was
associated with a decrease of memory facilitation,
suggesting a cause-effect relationship between levels
of plasma insulin and cognitive function. In this re-
spect, short-term follow-up studies have demonstrat-
ed that hyperinsulinemia improves memory as long
as circulating glucose is maintained at fasting levels.
Conversely, hyperglycemia does not affect cognitive
function as long as circulating glucose remains within
normal basal limits>7:58. The study of individuals with
a diagnosis of AD that showed alterations of circulat-
ing insulin and dementia progression suggested that
insulin was involved in the regulation of cognitive func-
tion. Consequently, it is clear that insulin may play a
relevant role in the pathophysiology of AD.

CONCLUSIONS

In conclusion, studies on the molecular and cellular
mechanisms involved in the pathophysiology of AD
and its relationship with insulin and glucose metabo-
lism support the idea that the metabolic alterations
of DM2 are strongly associated to the development of
AD. Importantly, our recent studies in rodents provided
a piece of evidence supporting the novel concept that
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A toxic action in the hypothalamus causes a dysregu-
lation of glucose metabolism directly linking altered
insulin action with AD. Further studies are required to
better understand the details of this relationship and its
causal role, if any, in the onset and progression of AD.
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FRAILTY AND SARCOPENIA:
THE NEW GERIATRIC GIANTS
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ABSTRACT

In the last decade, it has become clear that older persons who are frail or sarcopenic have very high rates of functional dete-
rioration, hospitalization, and death. Recently, it has become recognized that simple screening questionnaires, e.g., the FRAIL
and SARC-F, perform as well as more complex testing for the physical phenotype screen and sarcopenia. In this article, we
provide a simple algorithm for the management of frailty. The multiple factors responsible for the pathogenesis of sarcopenia
are reviewed, focusing on the importance of age-associated loss of motor units innervating muscle. Management of sarcopenia
includes resistance exercise, leucine-enriched protein, and vitamin D. A number of newer drugs are under development.
General practitioners should be encouraged to screen for frailty and sarcopenia in older persons. (REV INVES CLIN. 2016;68:59-67)
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In 1976 Bernard Isaacs documented the giants of
geriatrics as: impaired vision and hearing, instability
and falls, incontinence (fecal and urinary), and intel-
lectual impairment (dementia and delirium)!2. He
considered these the conditions that were present in
frail older persons. Frailty can be considered to be a
state of vulnerability that increases the chance of an
older person having functional deterioration, hospi-
talization, or death3. In 2001 Fried, et al.* suggested
that a physical phenotype (weakness [grip strength],
slowness [walking speed], low level of physical activ-
ity, self-reported exhaustion, and unintentional weight
loss > 4.5 kg in one year) (Table 1) would be useful
to recognize frail individuals. It is particularly useful
for recognizing persons at high risk of developing
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functional impairment (loss of activities of daily living)>.
This approach has become enormously successful
for research purposes, but has not been included in
general geriatric practice®°.

Recently, a simple five question FRAIL scale has been
developed which is easily utilized in the clinical setting
(Table 2)10-12,

The term “sarcopenia” was introduced into the lit-
erature by Irv Rosenberg in 199513, It was defined
as an abnormal loss of muscle associated with ag-
ing and it has been validated to predict functional
decline!®. However, Manini and Clark!® pointed out
that it was muscle power and not muscle mass that
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Table 1. Fried’s frailty phenotype*

A. Characteristics of frailty
Shrinking: Weight loss (unintentional)
Sarcopenia (loss of muscle mass)
Weakness
Poor endurance (exhaustion)
Slowness
Low activity

B. Cardiovascular Health Study Measure
Baseline: > 4.5 kg lost unintentionally in prior year
Grip strength: lowest 20% (by gender, body mass index)
“Exhaustion” (self-report)
Walking time/15 feet: slowest 20% (by gender, height)
Kcals/week: Lowest 20% (males < 383 Kcals/week;
females: < 270 Kcals/week)

C. Presence of Frailty
Positive for frailty phenotype: > 3 criteria present
Intermediate or pre-frail: 1 or 2 criteria present

was the predominant feature that led to loss of func-
tional status. Thus, in 2010 the European Consensus
on the Definition and Diagnosis of Sarcopenia changed
the definition of sarcopenia to be “muscle loss to-
gether with a loss of function as measured by either
walking speed or grip strength'®. Subsequently, four
other similar definitions of sarcopenia were pub-
lished with somewhat different cutoff pointst’-20. In
view of the finding that the six FRAX questions with-
out measuring bone mineral density were predictive
of fracture risk, we developed a five-question scale
(SARC-F) to detect muscle dysfunction in older per-
sons?1-23 (Table 3).

Tabla 3. SARC-F screen for sarcopenia

Table 2. The FRAIL Scale: A rapid, validated scale for the
detection of frailty

3 or more positive answers — frail
1 or 2 positive answers — pre-frail

F atigue (have felt tired most or all of the time in past
4 weeks)

R esistance (have difficulty or unable to climb a flight
of stairs)

A erobic (have difficulty or unable to walk a block)

I liness (have more than 5 illnesses)

L oss of weight (have lost more than 5% of weight
in past 6 months)

Adapted with permission from Morley, et al.?°.

We believe that frailty and sarcopenia should now be
recognized as the new geriatric giants. The availability
of rapid scales allows primary care physicians to recog-
nize these conditions and to either treat them or refer
persons with these syndromes to a geriatrician?4.

FRAILTY PHENOTYPE

There is now international consensus that frailty is a
measurable clinical syndrome that recognizes persons
at increased vulnerability to stress who may have treat-
able conditions®®. It is felt that all persons over 70 years
of age should be screened for frailty. Utilizing the phys-
ical phenotype of Fried (Cardiovascular Health Study) or
FRAIL, persons are considered frail if they have three
or more criteria, and pre-frail if they have one or two
components. Frailty overlaps with disability, but not all

Component Question

Scoring

Strength

Assistance in walking How much difficulty do you have walking across a room?

Rise from a chair

How much difficulty do you have in lifting and carrying 10 pounds? None = 0

Some =1
A lot or unable = 2
None = 0
Some =1

A lot, use aids, or unable = 2

How much difficulty do you have transferring from a chair or bed? None = 0

Some =1

A lot or unable without help = 2
Climb stairs How much difficulty do you have climbing a flight of ten stairs? None = 0

Some =1

A lot or unable = 2
Falls How many times have you fallen in the last year? None = 0

1-3falls=1

4 or more falls = 2

Adapted with permission from Malmstrom, et al.?L.
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disabled persons are frail and about 70% of the frail
are not disabled?®. Sarcopenia is one of the causes of
frailty, but similarly, not all frail persons are sarcopenic
and not all sarcopenic persons are frail2¢.

There are numerous other frailty scales that have
been developed. Some of these are similar to the phys-
ical phenotype of frailty (e.g., Study of Osteoporotic
Fractures??, the Frailty Instrument for Primary Care??,
or the Survey of Health Ageing and Retirement in
Europe, SHARE-FI)?°. Others are broader and include
psychosocial factors, e.g., the Groningen and Tilburg
Frailty Indices30-33,

The prevalence of physical frailty increases with aging
from under 5% in community dwelling persons aged
65-75 years to about 25% in persons who are 85 years
of age or older34. Table 4 provides examples of the
prevalence of physical frailty in community dwelling
persons in different countries3>-35,

A separate approach to frailty has been developed by
Rockwood, et al.>¢ utilizing the Canadian Health Survey.
This has been termed the Frailty Index (FI). This is de-
veloped by summing the number of diseases and phys-
ical and psychosocial deficits present in an older person.
Scales vary from 30 to 100 items. While the Fl is high-
ly predictive of poor outcomes, it is much more a co-
morbidity or multimorbidity index than a true frailty
measure. It fails to separate frailty from the underlying
comorbidities that may be its cause and it includes dis-
abilities that it is supposed to predict. As such, one can
question whether or not it is a true frailty index, though
it clearly has a utility as a predictive index.

MANAGEMENT OF FRAILTY

The FRAIL index can be used as a guideline for man-
agement. It has been successfully used in the com-
munity to recognize frail persons>’. Persons who an-
swer that they are fatigued should be screened for
depression using either the Patient Health Question-
naire 9 (PHQ-9) or the Geriatric Depression Scale>.
Sleep apnea is a common cause of fatigue and should
be excluded by querying whether or not the person
stops breathing at night, snores excessively, or falls
asleep while driving or in the middle of a conversation.
Hypothyroidism, vitamin B,, deficiency, and anemia
are common causes of tiredness. Low blood pressure,
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especially orthostatic hypotension or postprandial
hypotension, also cause fatigues°69,

Problems with the questions about resistance and
aerobic activity suggest sarcopenia. This can be treat-
ed with resistance exercise, 1,000 IU vitamin D and a
leucine-enriched essential amino acid supplement (see
section on sarcopenia treatment).

Persons who have multiple illnesses usually have poly-
pharmacy, which often leads to drug side effects®1-63,
Anticholinergic drugs are particularly likely to lead to
central nervous system side effects and fatigue®46s.
Reduction of polypharmacy often can reduce drug
side effects and improve quality of life®6.67,

Weight loss in older persons has a variety of treatable
diseases, which can be recognized using the MEALS-
ON-WHEELS mnemonic®8-7°. For persons with chronic
obstructive pulmonary disease, multiple small meals
may overcome the dyspnea associated with the ther-
mic effect of eating”!. Further caloric supplementation
can slow the progression of weight loss?274.

Figure 1 provides a simple algorithm for the treatment
of frailty.

SARCOPENIA

Sarcopenia is an inevitable consequence of aging as
demonstrated by the decline in the women’s world
record for the long jump, which is 7.44 m for the
young and 1.72 m for ninety year olds. Aging results
in muscle fiber size heterogeneity with a predominant
loss of Type Il muscle fibers and a decline in satellite
cells’5. Sarcopenia needs to be differentiated from ca-
chexia, which is due predominantly to an increase in
proinflammatory cytokines due to diseases’®77. Fiber
size variability is not present in cachexia.

A major component of muscle loss with aging is due
to a loss of motor units innervating muscle’8. Over the
lifespan there is a loss of approximately 25% of mo-
tor neurons innervating type Il muscle fibers’®. Dam-
age to motor units can be detected by measuring
circulating C-terminal agrin8°. The accelerated loss of
muscle mass that occurs in persons with diabetes
mellitus is due to the decreased muscle innervation
coupled with decreased blood flow to muscle®!-83,
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Tabla 4. Prevalence of frailty in older persons in different countries

Country Age (years) Percentage (%) Notes

USA, CHS? 65-74 3.9
85+ 25.0

AAH36 49-65 2.7 (7.5) ADL dependence included in parenthesis

58-74 8.6

WHAS3> 70-79 113 Women only

Canada GLOWs3? 55+ 15.0 Women only

Mexico SADEM3? 60+ 15.7

Brazil FIBRA-RJ4° 65+ 9.1

Peru“! 60+ 27.8

Columbia*? 60+ 12.2 Rural, living in Andes

Europe3’ 65+ 17.0 5.8% in Switzerland

27.3% in Spain

United Kingdom?*3 65+ 8.1

Ireland*4 65+ 6.0

Turkey*553 65+ 27.8 (10) FRAIL in parenthesis

China*é 60+ 15.1 Only included diabetics

Japan#’ 65+ 9.3

Hong Kong?!! 65+ 14.0

Taiwan“® 65+ 4.9

Korea*® 65+ 7.8

Malaysia>° 60+ 57

Singapore>! 55+ 2.5

Australia, Western>455 70+ 20.6 Men only using FRAIL scale
70+ 5.6 Women only

Australia Longitudinal Study 85+ 16.2 Women only

on Women’s Health52

AAH: Action Against Hunger; ADL: activities of daily living; SADEM: Study on Aging and Dementia: CHS: Cardiovascular Health Study;

WHAS: Women's Health and Aging Studies.

The development of sarcopenia with aging appears to
be related to a variety of age-related factors. Anabolic
hormones, especially testosterone, show a decline of
about 1% per year from the age of 30 years®4. This
decline is closely related to both the loss of muscle
and strength that occurs with aging®>. The decline in
growth hormone leads to a decline in insulin-like growth
factor-1 and mechano growth factor®é. This decline is
related to the loss of muscle mass, but not necessar-
ily muscle power®’. With aging, there is an anorexia
of aging which leads to muscle loss®®. There is also a
decline in activity with aging, further causing muscle to
be less functional®®. Levels of 25(0OH) vitamin D decline
longitudinally with aging®°. This is both due to a de-
crease in the ability of cholecalciferol in the skin to
make 25(0OH) vitamin D and a decline in vitamin D
absorption, as well as a decrease in sun exposure and
the use of sunblock®!. Decreased blood supply to the
muscles due to atherosclerosis leads to muscle hy-
poxia. Insulin resistance associated with aging results in
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increased fat infiltration into muscle, leading to a de-
cline in muscle function®2. Parabiosis experiments be-
tween young and old mice have found a role of the
circulating factor —growth differentiation factor-1— in
age-related muscle loss®3; Low-grade proinflammatory
cytokine production that occurs with aging results in
loss of muscle mass and function®4. Finally, mitochon-
drial dysfunction that is associated with aging leads not
only to oxidative damage of muscle, but also a reduction
in the ability to generate energy to allow muscles to
function properly®>. The factors involved in the patho-
physiology of sarcopenia are outlined in table 5.

MANAGEMENT OF SARCOPENIA

Since the original manuscript by Fiatarone, et al.*¢ dem-
onstrating that resistance exercises can improve strength
in 90-year-old nursing home residents, numerous pa-
pers have been published supporting the utility of
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Figure 1. Algorithm for management of frailty.

r

PHQ-9 or GDS for depression
Fatigue { TSH for hypothyroidVitamin B, ,
Hemoglobin for anemia

Resistance exercise
Resistance Aerobic exercise

Aerobic » SARCOPENIA

Blood pressure for hypotension/orthostasis

Do you stop breathing while asleep? Sleep apnea

} 3to 5 x week

Protein supplement daily
1,000 IU vitamin D daily

Review medication list for unnecessary side effects and drugs

llinesses
e.g., anticholinergic drugs

Medications producing anorexia
Emotional — depression

Abuse, elderly, alcoholism

Late life paranoia

Swallowing problems

Oral problems

Loss of Nasocomial infections, e.g., H. Pylori

weight

Enteral problems, e.g., celiac disease
Eating problems

Low salt, sugar and cholesterol diets
Stones - cholecystitis

.

resistance exercise in improving muscle strength in
persons with sarcopenia®’. The LIFE study found that
aerobic exercise slowed lower limb functional decline®®.
Singh, et al.°® showed that resistance exercise twice
a week for a year markedly improved clinical outcomes
in older persons following hip fracture!90.

There is evidence that older persons who have lost
muscle require 1.0-1.2 g/kg/day of protein to restore
the loss of muscle mass0%.101 This protein should be
leucine-enriched essential amino acid based!°2. A num-
ber of studies have suggested that the addition of
protein to exercise can further increase muscle perfor-
mance03-10¢ The PROVIDE study showed that protein
supplementation together with vitamin D increased
muscle mass and the ability to do chair stands in
persons with sarcopenial®”.
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whose side effects may be contributing to frailty,

Caloric
Supplementation

. g

Wandering and other dementia-related problems
Hyperthyroidism, hypercalcemia, hyperglycemia, hypoadrenalism

Replacement of vitamin D in vitamin D-deficient
persons increases muscle strength and prevents
falls10810°  Vitamin D supplementation does not
increase muscle mass.

Testosterone can increase muscle mass in persons with
low testosterone!!®111l Higher doses of testosterone
are required to improve muscle strength and/or pow-
erl12-114 Testosterone improves function in older per-
sons with frailtyl1>-117. Testosterone activates beta-
catenin to increase muscle mass and at high doses
recruits satellite cells to enhance muscle strength18.
In general, testosterone has minimal side effects!1%120,
However, there is some evidence that within the first
year of treatment, testosterone increases cardiovas-
cular disease!?!. This may be due to excessive increase
in hematocrit where this is poorly monitored or due
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Table 5. Factors involved in the pathophysiology of sarcopenia

Factor Effect

Loss of muscle Loss of muscle

mass strength
1. Decreased physical Yes Yes
activity
2. Decreased food Yes No
(protein) intake
3. Decreased Yes Yes
testosterone
4. Decreased growth Yes No
hormone and Insulin
Growth Factor |
5. Decreased DHEA Small No evidence
6. Vitamin D deficiency No Yes
7. Insulin resistance No Yes
8. Decreased growth Yes No evidence
differentiation
factor-1
9. Atherosclerosis Yes Yes
10. Decreased motor Small Yes
units
11. Proinflammatory Yes Yes
cytokine excess
12. Mitochondrial No Yes

dysfunction

DHEA: dehydroepiandrosterone.

to increased relaxation of the coronary arteries re-
sulting in rupture of unstable plaques!?2. A number of
selective androgen receptor modulators have been
developed. Unfortunately, to date they have not been
demonstrated to be more effective than testosterone
and there is insufficient evidence to determine if they
have a better safety profile123:124,

Growth hormone increased muscle mass and nitrogen
retention!?>12¢ |t does not improve muscle strength
and thus should not be used to treat sarcopenia.

Ghrelin is a hormone that is produced from the fundus
of the stomach and enhances growth hormone release,
food intake, and memory!2?’. Anamorelin, a ghrelin ago-
nist, has been shown to increase food intake and muscle
mass, but not muscle function, in persons with cancer??8,

Antibodies to myostatin and the activin Il receptor
have been developed. Myostatin antibodies increase
muscle mass and muscle fiber diameter in micel?°.
There is some evidence that they may have similar
effects in humans with sarcopenia®3°. Activin Il recep-
tor ligand traps have powerful effects on increasing
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muscle and bone mass, but side effects have led to
their development being halted!3!. Novartis has devel-
oped a direct antibody to the activin Il receptor that
has shown positive effects in persons with inclusion
body myositis32,

Other drugs under development to treat sarcopenia in-
clude the angiotensin converting enzyme inhibitor (per-
indopril), fast skeletal troponin activators (tirasemtiv)
and mixed beta agonist/antagonist (espindolol)133-135,

OSTEOSARCOPENIA

There is increasing evidence that osteoporosis and
sarcopenia frequently coexist!3¢. Men with sarcopenia
have an increased risk of hip fracture!3’. Exercise
increases muscle strength and muscle contraction
directly enhances bone mineral density and bone qual-
ity!32. In addition, vitamin D has direct effects on bone
and muscle!3®. However, recent studies have suggested
that the interaction between muscle and bone is due
to an extremely complex bidirectional communication
between both muscle and bone chemokines4°. Further,
both adipose tissue and cartilage also produce para-
crine substances that modify the function of muscle
and bone. Among the myokines that modulate bone
are proinflammatory cytokines, myostatin, fibroblast
growth factor-2, insulin-like growth factor-1, Tmem119,
and osteoglycin'4l. Bone chemokines include the osteo-
cyte-derived prostaglandin E2 and WnT3a as well as
osteoblastic products such as osteocalcin and
sclerostin. Under-carboxylated osteocalcin also plays
a hormonal role by increasing the function of insulin
receptors to increase glucose entry into cells.

COGNITIVE FRAILTY

Cognitive frailty has been defined as physical frailty
coupled with cognitive impairment (CDR 0.5)142. The
concept was first recognized in older Mexican Ameri-
cans in 200843 and in 2011 was also described in the
Mexican study of Nutritional and Psychosocial Markers
of Frailty'44. Persons with the combination of cognitive
impairment and the physical frailty phenotype are
more likely to develop disability, a decline in instrumen-
tal activities of daily living, and hospitalization!4>. The
coexistence of physical frailty and cognitive impairment
is not surprising given the fact that proinflammatory
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cytokines play a role in the pathophysiology of both
conditions'4¢, and white matter hyperintensity is related
to both cognitive impairment, decline in walking speed,
and fallst4”. The IAGG consensus conference on “Brain
Health” has stated that there is a need for further
research into this important relationshipt48.

CONCLUSIONS

Over the last decade, frailty and sarcopenia have
risen to become the true modern giants of geriatrics.
While frailty and sarcopenia overlap, about a third of
persons with sarcopenia do not have frailty, and sim-
ilarly, all frail persons do not have sarcopenial4®139,
The recent development of rapid, simple screening
tests for both conditions (FRAIL and SARC-F) has
made it easy for clinicians to identify them. In this
article we provide a simple algorithm to treat both
physical frailty and sarcopenia. It is hoped that this
approach to secondary prevention will lead to a reduc-
tion in disability in older persons.
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ABSTRACT

There are several immunological and non-immunological factors related to renal graft deterioration, and histological lesions such
as interstitial fibrosis and tubular atrophy overlap with those observed in aging kidneys. Consequently, it has been proposed that
kidney transplant senescence could contribute to graft loss. The process of cell senescence displays characteristics such as an
increased expression of specific aging suppressor genes, shortened telomeres, mitochondrial changes, increased expression of
negative regulators of the cell cycle, and immunological senescence. Additionally, tubular frailty characterizes the aged kidney,
making it more susceptible to ischemia, reperfusion, toxic injury, and consequently, to inflammation. Moreover, renal tissue
injury predisposes the older graft not only to progressive deterioration due to glomerular hyperfiltration, but also triggers acute
rejection due to increased immunogenicity. In conclusion, renal graft senescence is a complex process, and its better understanding
will help the nephrologist in its management in order to achieve a longer graft survival. (REV INVES CLIN. 2016;68:68-74)
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INTRODUCTION

Kidney transplant is the therapy of choice for patients
with end-stage chronic renal disease, increasing their
quality of life, survival, and longevity?*.

Organ shortage continues to be a major issue in kidney
transplantation, and counteracting this problem is the
current acceptance of older donors?. However, long-
term graft survival is influenced by donor age, being
one mechanism how aging increases acute kidney injury,
and reduces tissue regenerative capability3->. Moreover,
there are several immunological and non-immuno-
logical factors related to renal graft deterioration, and
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histological lesions such as interstitial fibrosis and tubu-
lar atrophy overlap with those observed in aging kid-
neys. Consequently, it has been proposed that kidney
transplant senescence could contribute to graft loss3.

The complex process of cell senescence displays
characteristics such as shortened telomeres, increased
expression of negative regulators of the cell cycle,
increased expression of specific aging suppressor genes,
and immunological senescence®”’.

Additionally, tubular frailty is one of the major chang-
es that characterize the aged kidney (‘nephro-geriatric
giants’), because old kidneys are more susceptible to
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ischemia, reperfusion, and toxic injury, and this dam-
age contributes to a cascade of inflammation3>¢. Renal
tissue injury, irrespective of the cause (aging, isch-
emia, or toxic agents) predisposes older grafts not only
to progressive mass deterioration due to glomerular
hyperfiltration, but also to trigger acute rejection due
to anincrease in their immunogenicity. This increased
immunogenicity can be explained by a rise in proin-
flammatory cytokines and increased expression of
major histocompatibility complex antigens on epithe-
lial and endothelial cells®°.

To better understand how senescence influences the
survival of kidney transplants, the main graft aging
mechanisms previously mentioned are explained in
detail as follows?O.

KLOTHO GENE

Klotho (k) is one of the main “aging suppressor”
genes since it facilitates the removal of reactive oxygen
species (ROS) 1112 |t has been documented that
Klotho protein activates the forkhead box O (FoxO)
transcription factors, which facilitate ROS removal and
confer oxidative stress resistance by inducing manga-
nese superoxide dismutase expression and regulating
the apoptotic process!!-13. Conversely, a defect in
its expression (Klotho anti-aging protein) leads to
symptoms that resemble human senescence, including
reduced lifespan, arteriosclerosis, infertility, osteopo-
rosis, cardiac valve calcification, skin atrophy, emphy-
sema, and osteoporosis!l.

Klotho overexpression leads to aging suppression and
consequently to longer lifespan in animal models'4,
while angiotensin II, which is involved in age-related
organ damage in mice, plays a central role in reducing
renal Klotho gene expression. Besides, Klotho gene in-
duction could protect the kidney against angiotensin
ll-induced damage, and angiotensin Il receptor antago-
nists (e.g., losartan) increase Klotho expression!!>. On
the contrary, angiotensin ll-induced oxidative stress can
downregulate Klotho expressiont?.

It is worth mentioning that Klotho protein mediates
nitric oxide vascular production, promoting vessel
relaxation and endothelial dysfunction improvement
in experimental atherogenesis models2. Even though
Klotho trans-membrane protein is mainly expressed
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in the choroid plexus and kidney (distal tubules), where
it functions as a coreceptor for fibroblast growth fac-
tor 23, it acts on various organs suppressing the ex-
pression of multiple aging-like phenotypes'415. This
evidence suggests that Klotho protein, or its metabo-
lites, can function as a humoral factor!>. Additionally,
it has also been observed that Klotho gene influences
calcium, phosphorus, and vitamin D metabolism?3.

Klotho gene has been reported to be markedly sup-
pressed in acute renal failure, chronic kidney disease,
diabetes mellitus, as well as in acute stress states.
Finally, there is also a relationship between Klotho gene
expression and immunosuppressant drugs, which is
discussed in another section of this article!216.

TELOMERE SHORTENING

Somatic cells have a limit in their replicative capacity
(around 50 divisions), a phenomenon known as “Hay-
flick limit” or “replicative senescence”37?. Beyond this
limit, cells stop proliferating and become senescent
because they are resistant to growth factor signaling,
and then they arrest irreversibly in the G1 phase of the
cell cycle, although they remain metabolically active, a
situation that contributes to their damage, loss of
mass, decrease in their physiological capacity, reduction
in their resistance to stress, and finally death3. Telo-
mere shortening is a heterogeneous process since it
is faster in the cortex compared to the medulla in
aging human kidneys, and it has been interpreted as
a homeostatic mechanism to prevent neoplastic cell
transformation3.

Telomeres are located at the end of eukaryotic chro-
mosomes, and their role is to protect them from deg-
radation in order to maintain genome integrity and
stability!’. This protective activity of the telomeres
depends on many factors such as proteins linked to
their role (tumor necrosis factor receptor associated
factors 1 and 2), degree of telomerase activity, and
telomere length itself'”. Telomere shortening of about
50-200 bp occurs with each cell division in a state of
telomerase inactivity, and when telomere length reaches
a critical value the cell starts a process of apoptosis.
In this sense, individuals who inherit longer than average
telomeres usually have an increased lifespan; thus,
cell replicative limit has been attributed to the loss
of telomeres!7:18,
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In addition to from normal aging, telomere shortening
has also been documented in lymphocytes from HIV
patients, delayed renal graft function, acute and chronic
rejection, and chronic allograft dysfunction. Telomere
length was positively significantly correlated with re-
cipient age, but negatively significantly correlated with
donor age, time of dialysis before transplantation, panel
reactive antibodies, and long-term creatinine concen-
tration in graft biopsies'®. It has been postulated that
telomere erosion occurs due to graft ischemia and re-
perfusion. In these cases, there is a transient increase
of ROS, which are DNA damage inducers, and injured
tissue cannot be replaced by healthy cells, thus causing
persistent inflammation and thereby scarring317.18,

MITOCHONDRIAL CHANGES

Sahin et al., demonstrated that telomere attrition ac-
tivates p53, which in turn binds and represses mito-
chondrial activity regulators (PGC-1a and PGC-1p pro-
moters)!®. These transcriptional changes reduce the
cellular energy supply, decrease respiratory function,
and increase ROS production, a potential cell senes-
cence mechanism induced by DNA damage®2°. Thus,
these authors found a direct link between telomere
dysfunction and mitochondrial aging!°20.23-25,

It has also been reported that PGC-1a can be stabi-
lized in the kidneys by increasing sirtuin 1, a NAD-
dependent histone deacetylase, during an anti-aging
intervention such as caloric restrictiont®2%.22,

Additionally, it is known that angiotensin Il is impli-
cated in the generation of both cytosolic and mito-
chondrial ROS2°-27. Mitochondrial aging induces an
increase in angiotensin Il type 1 receptor (AT1R), as
well as a decrease in type 2 receptor density, which
are reversed by chronic treatment with an angioten-
sin Il type 1 receptor blocker such as losartan?¢. Be-
sides, AT1R genetic disruption has been shown to
promote longevity and reduce age-related mitochon-
drial dysfunction in renal tubular epithelial cells??.

P16, P21, AND P27 CYCLIN-DEPENDENT
KINASE INHIBITOR GENES

It has been documented that renal ischemia and
reperfusion is associated with overexpression of
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cyclin-dependent kinase inhibitor genes (CDKIG), in-
dicating DNA damage and/or accelerated histological
senescence?®.

P16/NK4ajs g cell cycle inhibitor associated with somat-
ic cell senescence, which is considered an indicator of
premature aging secondary to stress and disease’.

Chronically diseased native kidneys show histological
changes, which are qualitatively similar but quantita-
tively greater than changes secondary to normal se-
nescence. Also, they display increased P16NK4a expres-
sion in glomerular and tubular-interstitial cells beyond
the area affected by these structural changes, thus this
extensive expression of P16/NK4a seems to cause these
changes more than to be their consequence!®. Regard-
ing kidney transplantation, an increase of P16/NK4a has
been documented in grafts with tubular atrophy, inter-
stitial fibrosis, and impaired function (findings that af-
fect 60% of cadaver transplants), suggesting that a part
of the changes suffered by senescent grafts is induced
by multiple insults associated with transplantation.
Among these insults are the injuries from brain death,
organ preservation, cold ischemia, transplantation pro-
cess, drug toxicity, infections, hypertension, and dyslip-
idemia, which contribute to premature kidney aging
accelerating its atrophy”19. Additionally, P16/NK4a is in-
duced in allografts from old donor kidneys soon after
transplantation (about a week), while young non-trans-
planted kidneys showed very little basal expression of
P16/NK4a but an increased expression not until later
after transplantation (about a month). Conversely, iso-
grafts have no effect on P16/NK4a expression®28.2°, Be-
sides, it has been documented that renal cold ischemia
and reperfusion are associated with up-regulated p16,
p21, and p27 CDKIGs in kidney tissue, indicating DNA
damage and/or accelerated histological senescence?8.

IMMUNOSENESCENCE
AND INFLAMMAGING

There is a gradual deterioration of the immune sys-
tem with aging, a phenomenon known as “immunose-
nescence”, which affects both innate and adaptive
(T- and B-cell) immune components!. However, age-
related immune deficiency is more prominent in adap-
tive immunity, and it consists of an accumulation of
anergic terminally differentiated lymphocytes, mainly
due to telomeres erosion, and a deficit of fully active



naive cellst3°. Regarding the innate immune system
(macrophages, neutrophils, and natural killer cells), it
triggers adaptive immune responses, while dendritic
cells are antigen-presenting cells that function as a
bridge between the innate and the adaptive immune
systems3!. Intragraft interstitial dendritic cells can
increase old donor immunogenicity, but older monocyte-
derived dendritic cells show an impaired phagocytosis
and pinocytosis capability. Besides, aged macrophages
show a significant reduction in their number as well
as in their chemotaxis, phagocytosis, cytokine, and
chemokine production capabilities3!. Regarding neu-
trophils, they play an important role in the defense
against microorganisms and in the inflammatory re-
sponse. Even though there is no decrease in their num-
ber with aging, they decrease their chemotaxis and
phagocytic capability3!. Finally, natural killer activity,
which plays a key role in immunity to tumoral cells
and pathogens, is impaired in the elderly4.

With regards to T-cells, thymic involution starts at the
age of one year and advances fast with puberty, and
it has a residual capacity of producing naive T-cells
in the elderly, but they are less functional in re-
sponse than in young people3!. Although senescence
loss in thymic output does not result in significant
changes in the total amount of peripheral T-cells be-
cause this is regulated via a thymus-independent expan-
sion of mature T-cells, they have a reduced allorecogni-
tion capability. This exhaustion of the immune system
was documented in CD8* T-cells rather than in CD4*
T-cells. This phenomenon could be attributed to the
time necessary for the CD4* T-cells to become senes-
cent, since even in extreme conditions, when CD8*
T-cells shorten their telomeres relatively quickly,
telomere erosion in CD4* T-cells may take years30.
Aging characteristically increases the expression of
CD8* T-cells that lack the expression of CD28. This
loss of expression has been attributed to repeated
antigenic stimulation and telomere erosion. Inflam-
mation (e.g., chronic viral stimulation) or acute renal
rejection increase the proportion of CD28~ T-cells332.
Additionally, CD28~ expression has been associated
to telomere shortening, replicative senescence, and
proinflammatory cytokine production (interleukin 10
and interferon-y)332. An increased proportion of CD8*
CD28~ T-cells has also been documented in other in-
flammatory states, such as HIV infection, systemic
lupus erythematosus, rheumatoid arthritis, and We-
gener granulomatosis32.
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Senescence decreases the production rate of immature
bone marrow B-cells; however, peripheral B-cell num-
bers seem to be maintained due to a reduced turnover
of mature B-cells3. Besides, quantitative and qualita-
tive antibody response is reduced in the elderly31.

Uremic toxins induce oxidative stress and inflamma-
tion, which alters innate and adaptive immune systemes,
changes that weaken immunity in chronic kidney dis-
ease (CKD) patients33. Studies on T-cells in end-stage
chronic renal disease patients documented that their
telomere shortening showed an immunological age that
was advanced by 20 years compared to their chrono-
logical age33. Neither hemodialysis nor peritoneal dialy-
sis has shown to reverse telomere shortening in CKD
patients33. A uremic environment also causes epigenetic
changes that may contribute to aging; for instance,
methylation of the Klotho gene is initiated by oxidative
stress in CKD patients, and leads to a syndrome that
resembles human aging. Even so, despite that kidney
transplantation solves a uremic proinflammatory envi-
ronment, it is not able to reverse epigenetic changes33.

This senescence process could be pharmacologically
modified since it has been documented that bardoxo-
lone can attenuate T-cell aging in advanced CKD pa-
tients, but it has the inconvenience of increasing car-
diovascular diseases. Another alternative that has
been reported is to stimulate T-cell function using
interleukin 7 in this group33.

Immunosenescence in allograft recipients seems to
be useful since it can downturn immune reactivity
against the allograft or even induce tolerance to the
donor antigens. On the other hand, it promotes a
particular phenomenon in grafts known as inflam-
maging, which is the term coined for explaining the
impact of donor advanced age on graft immunogenic-
ity4. In this sense, chronic subclinical cytomegalovirus
infection could be the main accelerator of senescence,
particularly in transplant patients on immunosuppres-
sant drugs, since it represent a persisting challenge to
the immune system#3°,

IMMUNOSUPPRESSANT DRUGS

It is important to note that a kidney graft always suffers
a fast senescence rate compared to a native kidney,
since the development of severe functional reduction
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(glomerular filtration rate around 10 ml/min/1.73 m?)
would take a longer time in the native organ: about
120 years. Thus, the aging process suffered by a kid-
ney graft seems to be a sort of progeria or premature
senescence3433,

Even though immunosuppressant drugs play a central
role in organ transplantation, their role in graft senes-
cence is also known. The described aging mechanisms
induced by immunosuppressant are the following :

— Cyclosporin A (calcineurin inhibitor) nephropathy
and renal aging share some histopathological findings
such as renal fibrosis and tubular atrophy3¢. This drug
significantly increases the rate of cell apoptosis,
pl6NK4a and p21 expression, telomere shortening,
decreased Klotho expression, and intra-renal renin-
angiotensin system (RAS) activation, all changes re-
lated with senescence!l2®. Moreover, it has been
proposed that cyclosporine downregulates Klotho
via direct toxicity or via RAS activation, and that
cyclosporine-induced graft aging is induced by in-
creasing oxidative stress!3. Besides, losartan treat-
ment restores Klotho expression in cyclosporine-
induced renal injury!l.

— The BENEFIT study has shown that senescent, CD4*/
IL-17A*, plé positive cells, and interstitial fibrosis
were significantly increased in graft biopsies among
patients on cyclosporin A compared to those on
belatacept?®.

— Telomerase, the enzyme which repairs telomere
shortening, is inhibited in most human differenti-
ated cells because of the repression of the hTERT
gene, and consequently these cells present telomere
erosion, senescence, and finally apoptosis. It has
been documented that cyclosporine and FK-506
dose-dependently block hTERT and promote telom-
erase inhibition, and consequently premature aging
of T-cellst17:18,

— Prednisone and mycophenolate mofetil can also in-
duce T-cell senescence?.

— Food restriction without malnutrition prolongs the
lifespan of animal species. Since the mammalian tar-
get of rapamycin (mTOR) enzyme acts as a sensor
of energy supply, it could have a role in the life-pro-
longing effect of caloric restriction. This could also
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explain why rapamycin (mTOR) inhibitor delays ag-
ing and prolongs lifespan in experimental models4.

— Some evidence suggests that rapamycin (sirolimus)
could cause an increase of Klotho gene expression,
inhibiting FGF23 coreceptor by tubular cells4. How-
ever, in the presence of cyclosporine-induced renal
damage, rapamycin can accelerate it by enhancing
oxidative stress!s.

— Immunosuppressive treatment predisposes to viral
infection, which can induce aging!#:3°.

KIDNEY FROM OLDER DONORS

Kidneys from older donors usually show worse graft
survival: transplanted kidneys from elderly donors
generally have a projected half-life significantly lower
(5 years) compared to kidneys from young donors
(10 years), and this phenomenon has been attributed
to the presence of a reduced number of glomeruli in
the aged kidneys3#4. However, there are studies that
found no significant difference between older and
younger donors in allograft survival®.

Since the transplant procedure can induce telomere
shortening, and telomeres are already shortened in
aged grafts, it is conceivable that older kidney trans-
plantation usually has a worse course compared to
younger kidney transplantation3.

Besides, independent of telomere shortening, older
grafts have an impaired capacity to handle stress,
control inflammation, and repair structural damage3’.

Additionally, older donors are more likely to have hy-
pertension, microvascular renal damage, and glomeru-
lomegaly with associated hyperfiltration, and these
preexisting structural abnormalities could amplify ex-
ternal insults such as glomerular ischemia from super-
imposed arteriolar hyalinosis from calcineurin inhibi-
tors, hypertension, or dyslipidemia3”. Moreover, senile
tissue injury facilitates immune recognition and a sub-
sequent increased immunogenicity of the old donor
kidney#2:37. This is one of the main reasons for pro-
posing to transplant an older kidney into an older
recipients since it may optimize the outcome, since
the less vigorous alloresponses of old recipients may
counterbalance the increased immunogenicity of old



grafts. Conversely, it has been documented that old
kidneys that are transplanted into young recipients
show the highest rejection rates, while this phenom-
enon is blunted when aged organs are transplanted into
old recipients®38. Another reason for an “old-for-old
program” strategy is that older grafts may be sufficient
for handling metabolic demands of older recipients?.

It is worth taking into account that defining as el-
derly an individual older than 64 years of age is not a
biological concept but a social one. It is known that
the aging process in the native kidney starts around
35 years of age, so it should be realized that a young
adult donor (55 years old) may in fact be providing
an old organ since it has already started its aging
process 20 years ago, with the clinical consequences
that this will have on graft evolution when other vari-
ables start playing a role, such as a CKD setting and
the use of immunosuppressant drugs.

The following are strategies described as potentially
useful for ameliorating the senescence process in
kidney transplantation:

— Belatacept, an indolamine 2,3-dioxygenase immune
modulator, induces tryptophan deficiency, and since
tryptophan deficit contributes to suppress lympho-
cyte apoptosis, this drug leads to a less deleterious
effect on senescent inflammatory cells?°.

— Kidney transplant patients usually show increased
oxidative stress and reduced anti-oxidative markers,
suggesting that oxidative stress plays a crucial role
in the progression of graft damage. This oxidative
stress generates free radicals, which induce DNA
breaks and telomere erosion. Thus, the use of anti-
oxidants in kidney preservation solutions could be
helpful in preventing this sort of graft damage and
influence long-term function3.

CONCLUSIONS

Renal graft senescence is a complex process, and its
better understanding will help nephrologists to im-
prove its management in order to achieve a longer
graft survival. This therapeutic approach would be
very useful particularly in grafts obtained from older
donors whose functional durability would be signifi-
cantly increased.
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ABSTRACT

Idiopathic pulmonary fibrosis is a chronic, progressive, and usually fatal lung disorder of unknown etiology. The disease likely
results from the interaction of genetic susceptibility architecture, environmental factors such as smoking, and an abnormal
epigenetic reprogramming that leads to a complex pathogenesis. Idiopathic pulmonary fibrosis occurs in middle-aged and
mainly elderly adults, and in this context age has emerged as its strongest risk factor. However, the mechanisms linking it to
aging are uncertain. Recently, nine molecular and cellular hallmarks of aging have been proposed: genomic instability, telomere
attrition, epigenetic alterations, loss of proteostasis, deregulated nutrient sensing, mitochondrial dysfunction, cellular senescence,
stem cell exhaustion, and altered intercellular communication. In this review, we provide an overview of these molecular
mechanisms and their involvement in the pathogenesis of idiopathic pulmonary fibrosis, while emphasizing that the studies on
this disease are few and the findings are not definitive. (REV INVES CLIN. 2016;68:75-83)
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INTRODUCTION

Biological lung aging is characterized by structural
changes and progressive loss of physiological integrity,
leading to impaired function!. Although the mechanisms
that contribute to the aging process are uncertain,
nine putative hallmarks associated with the aging
phenotype have recently been proposed?. However, in
what way and magnitude they participate in the aging
lung is unknown.
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FUNCTIONAL AND STRUCTURAL
MODIFICATIONS OF THE LUNGS
AND THORAX DURING AGING

In general, “normal aging” is characterized by narrowing
of the intervertebral disk spaces and increased preva-
lence of hyperkyphosis. In fact, 20-40% of older adults
present an excessive curvature of the thoracic spine3. In
addition, there are changes in the intrinsic function of the
muscles, which are associated with reduced inspiratory

Received for publication: 22-10-2015
Accepted for publication: 04-11-2015


mailto:moises.selma@salud.gob.mx

REV INVES CLIN. 2016;68:75-83

Figure 1. Expiratory high-resolution computed tomography
scan revealing inhomogeneous lung attenuation due to air
trapping identified by the presence of areas of low attenuation
next to regions with normal attenuation (arrows).

Figure 2. Early stage of centriacinar emphysemain a 73-year-
old asymptomatic individual. High-resolution computed to-
mography demonstrates numerous tiny low attenuation
areas throughout the lung field (arrow).

and expiratory respiratory muscle strength. This pro-
cess, together with a decrease in the mitochondrial
adenosine triphosphate (ATP) reserves, contribute in
older individuals to having difficulties in sustaining a
sudden rise in metabolic demand, increasing the risk
of respiratory failure in acute lung diseases.

A common finding with aging is a decrease of lung elas-
ticity“. This affects the small airways and alveolar septa,
and may explain at least two frequent observations in
the elderly. The first is a premature collapse of the pe-
ripheral airways, which provokes the so-called “air-trap-
ping” that is more evident during expiration (Fig. 1). The
other is the increase in size of the alveolar ducts and
alveoli, which was previously called “senile emphyse-
ma”, although this is not an appropriate term since it
lacks the characteristic destruction of the alveolar
walls seen in emphysema (Fig. 2). Nevertheless, the
alveolar over-distention results in an increase of the
residual volume of about 5-10% per decade>.

Other studies performed in older individuals (> 75 years
old) without known respiratory disease have also re-
ported the presence of reticular opacities (suggestive
of fibrosis), as well as airway dilation, bronchial thick-
ening, and bronchiectasis when compared with younger
(< 55 years old) subjects®. Changes in the airways are
associated with dysfunction of the mucociliary escala-
tor, decreased capacity to clear mucus and particles
from the lungs, and a reduction in cough strength”. We
have found similar alterations in an ongoing study on
aging lung in asymptomatic individuals (Selman, et al.,
unpublished results) (Fig. 3).
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Physiological age-related pulmonary changes are charac-
terized by a decrease of approximately 30 ml each year
in forced expiratory volume in one second (FEV,) and
forced vital capacity (FVC)®°. Likewise, the mentioned
increase in the closing volume by the premature collapse
of the small airways, combined with diverse age-related
changes in the pulmonary circulation, result in a hetero-
geneous distribution of the ventilation/perfusion ratio.
This, together with a decrease in the diffusing lung capac-
ity for carbon monoxide (DLCO), causes an age-related
decline in the arterial tension for oxygen (PaO,)10-12,

LUNG DISEASES ASSOCIATED
WITH AGING

There are two types of lung disorders associated with
aging: those that may occur at any period of life but
whose severity is affected by aging, and those that oc-
cur virtually only in old people. Among the first type,
asthma, obstructive sleep apnea, and pulmonary ede-
ma in the setting of congestive heart failure are some
of the most common?314, Likewise, decreased respira-
tory muscle strength, attenuated cough, dysfunction of
mucociliary clearance, and altered immune response
increase the risk for lung infections in elderly patients?!3.

By contrast, chronic obstructive pulmonary disease
(COPD) and idiopathic pulmonary fibrosis (IPF) are
two diseases usually diagnosed in individuals over
50 years old and whose incidence and prevalence in-
crease remarkably with age. Thus, the prevalence
of COPD in persons aged 65 years and older in the
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Figure 3. High-resolution computed tomography showing several abnormalities detected in elderly asymptomatic subjects.
A: Central airway dilation. B: Bronchiectasis. C: and D: Peripheral, subpleural septal thickening (arrows).

general population is at least 10-15%1°. The real in-
cidence and prevalence of IPF are uncertain, but in the
USA it has been reported that the incidence is about
10 per 100,000 persons per year, which increases to
approximately 90 per 100,000 per year in people
aged 65 years and older!é17,

IDIOPATHIC PULMONARY FIBROSIS:
THE INFLUENCE OF AGING

Idiopathic pulmonary fibrosis is a progressive, irrevers-
ible, and usual fatal lung disorder of unknown etiolo-
gy!8 It has been proposed that the disease is triggered
by an aberrant activation of alveolar epithelial cells
(AEQ), which in turn induces the migration, proliferation,
and activation of fibroblasts/myofibroblasts, leading to
the exaggerated accumulation of extracellular matrix
and the subsequent destruction of the lung architec-
turel®. As mentioned before, IPF occurs in middle-aged
and mainly elderly adults, suggesting a mechanistic link
between chronological age and this disease. However,
the biopathological mechanisms that link aging with the
pathogenesis of IPF have not been elucidated.

Recently, nine putative cellular and molecular hallmarks
were proposed to contribute to the aging processes
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and aging phenotype?. Although studies in IPF are few,
almost all of these hallmarks have been examined and
results suggest that an accelerated aging process
occurs in this disease.

GENOMIC INSTABILITY

Age-dependent accumulation of DNA damage is a well-
recognized component of the aging phenotype?. Several
studies have reported the presence of genomic instabil-
ity in IPF patients2?-22, The incidence of microsatellite
instability (MSI) and loss of heterozygocity (LOH) were
determined in cytological sputum specimens from 26 IPF
patients and 26 matched controls using 10 highly poly-
morphic microsatellite markers?°. Fifty percent of the
patients displayed genetic alterations, either MSI or LOH.
The most commonly affected microsatellite markers were
THRA1 and D8S133. Subsequently, a one-base-pair de-
letion was detected in the polyadenine tract in exon 3
of the transforming growth factor (TGF)-beta RIl recep-
tor gene in AECs isolated by microdissection from IPF
lungs. Furthermore, in these areas, low expression of the
receptor was confirmed?!. Finally, 40 microsatellite mark-
ers were evaluated in 52 sputum/venous blood DNA
pairs from IPF patients?2. Twenty specimens (38.5%)
exhibited LOH in at least one of the examined loci; LOH
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was observed in microsatellite DNA markers located in
MYCL1, FHIT, SPARC, p16Ink4, and TP53 genes. Taken
together, these findings indicate that genetic instability
likely affecting genes involved in critical cellular pathways
is a relatively frequent phenomenon that could account
for the pathogenesis of IPF.

TELOMERE ATTRITION

Telomere shortening is considered one of the most
influential mechanisms of cellular aging. When telo-
meres become critically short, they activate a DNA
damage response that provokes cellular senescence or
apoptosis?3. Abnormal telomere shortening has been
associated with several progressive disease pheno-
types that share the short telomere defect as a driving
mechanism?3. Telomerase mutations cause approxi-
mately 20% of the cases of familial IPF (identified by the
presence of two or more individuals in a family having
pulmonary fibrosis), and all of these patients character-
istically have very short telomeres24-26. Furthermore, 20-
30% of patients with sporadic IPF that do not have mu-
tations in telomerase components displayed telomere
lengths less than the 10th percentile when compared
with control subjects?’. The mechanisms by which telo-
mere defects contribute to IPF are uncertain. It has been
proposed that telomerase mutations (familial IPF) or
exaggerated proliferative response (sporadic IPF) lead
to telomere shortening in the alveolar epithelium and
that this is critical for the development of the disease.
A recent study supports this notion?8. In this work,
late-generation telomerase-null mice induced by delet-
ing telomeric repeat-binding factor 2 (Trf2) was gener-
ated, and in this conditional mutant model, where telo-
mere dysfunction was restricted to type 2 AECs (AEC2),
the stem cell function of this subpopulation was im-
paired, leading to senescence. Moreover, when telo-
mere dysfunction was induced in purified adult AEC2s,
ex vivo cells survived but remained senescent?8. These
results indicate that AEC2-dependent telomere dys-
function and senescence limit alveolar repair and can
signal mesenchymal abnormalities (Fig. 4).

CELLULAR SENESCENCE

Cellular senescence has been considered a critical event
in biological aging. It refers to a permanently arrested
state of cell growth together with the achievement of
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Figure 4. Alveolar epithelial cells play a critical role in the
pathogenesis of idiopathic pulmonary fibrosis. Unsolved en-
doplasmic reticulum stress and extreme shortening of telo-
meres may lead to epithelial cell death or senescence, and
the senescence-associated secretory phenotype character-
ized by the upregulation of genes encoding a complex pro-
inflammatory and profibrotic transcriptional response. ER:
endoplasmic reticulum.
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the senescence-associated secretory phenotype, char-
acterized by the release of a variety of inflammatory,
growth-regulating, and tissue-remodeling factors?2°.

Recently, AEC senescence was revealed in IPF lungs3°.
In this study, strong staining of p-galactosidase, a
marker of senescence, and p21/waf-1, a senescence-
associated cyclin-dependent kinase inhibitor, was ob-
served in the lung epithelium. These results were con-
firmed in a second study where nuclear staining of
p21 was clearly demonstrated only in epithelial cells
covering actively fibrosing lesions, while p-Gal-positive
staining was observed in epithelial cells covering fibro-
blastic foci3!. Alveolar epithelial senescence, likely related
to shortening of telomeres, may contribute to the
high secretory profile exhibited by these cells in IPF.

On the other hand, studies on fibroblasts have given
elusive results. Recently, a study demonstrated that
fibroblasts within fibroblastic foci of IPF lungs show
features of senescence. Expression of pl6 and p21
was seen in fibroblasts within the foci and in the overly-
ing epithelial cells32. Moreover, fibroblast expression of
NADPH oxidase-4 (Nox4) was increased in IPF lung



fibroblasts, and the use of a specific inhibitor attenu-
ated pgal activity, suggesting that Nox4 contributes
to cellular senescence of IPF fibroblasts. More recent-
ly, a study showed that IPF fibroblasts displayed an
accelerated entry to replicative senescence, accompa-
nied by an accumulation of senescent cells with fea-
tures of myofibroblasts characterized by high expres-
sion of alpha smooth muscle actin (a-SMA)33.

There is also some “systems senescence” in IPF patients,
e.g., immune senescence or endocrine senescence, which
may contribute to the development or progression of
IPF. For example, a marked downregulation of CD28 on
circulating CD4 T-cells has been found in IPF patients
compared with age-matched controls34. CD28 is a ma-
jor co-stimulatory molecule responsible for the optimal
activation of naive T-cells. It is also involved in prolif-
eration, survival, and glucose metabolism. The T-cells
lose CD28 expression with age, often taken as a hall-
mark of aging human T-cells3>.

Deterioration of the endocrine system also occurs during
aging and is thought to contribute to increased suscep-
tibility to aging-associated diseases. In this context, we
evaluated the blood levels of dehydroepiandrosterone
(DHEA) and its sulfate ester (DHEA-S), the most
abundant adrenal steroids in humans. Under physio-
logical conditions, DHEA/DHEA-S reach a peak be-
tween the ages of 25 and 30 years and thereafter
gradually decline so that, by the age of 60, the con-
centrations are only 10-20% of corresponding values
in young adults3¢. We found that IPF patients had a
disproportionate decrease in the circulating levels of
DHEA-S compared with age-matched controls. More-
over, DHEA displayed a strong antifibrotic effect on
fibroblasts, affecting migration, proliferation, differ-
entiation to myofibroblasts, collagen synthesis, and
survival, indicating that its exaggerated decline may
participate in the pathogenesis of the disease3®.

MITOCHONDRIAL DYSFUNCTION

Mitochondria play a key role in cellular homeostasis,
bioenergetic capacity, and longevity since they are the
highest producers of ATP and regulate programmed cell
death. Aging is associated with the expansion of dys-
functional mitochondria, with alterations in mitochon-
drial dynamics and quality control processes resulting
from an imbalance of fission and fusion events and
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increased production of reactive oxygen species (ROS)37.
Mitochondrial DNA (mtDNA) is damaged by ROS gen-
erated during oxidative metabolism, and the accumu-
lation of damaged mtDNA and decreased mitophagy
result in loss of fidelity in the synthesis of new mito-
chondria proteins, leading to senescence and aging?.

Excessive production of ROS and disruption of the oxi-
dant/antioxidant balance in the lung have been found
in IPF38. In the expired breath condensate, the concen-
trations of H,0, and 8-isoprostane, which are mark-
ers of oxidative stress, are usually increased in IPF
patients compared with normal controls, indicating
high levels of oxidative stress3?. Likewise, a marked
reduction of levels of glutathione, a major antioxidant
molecule, has been observed in bronchoalveolar la-
vage, sputum, and plasma of patients with IPF4041,

Recently, a study demonstrated that AEC2 of IPF lungs
exhibit an age-related mitochondrial dysfunction with
altered structure and impaired mitophagy*?2. Deficien-
cy of PTEN-induced putative kinase 1 (PINK1) was
identified as a fundamental mechanism leading to ac-
cumulation of dysfunctional mitochondria and, more-
over, the mitochondrial phenotype observed in IPF lungs
and susceptibility to lung fibrosis was recapitulated
in an animal model of aging and PINK1 deficiency.
Importantly, several chronic degenerative diseases
associated with aging, such as Parkinson’s disease
and neuropsychiatric disorders, present mutations
or deficit of PINK1 and show swollen and dysfunc-
tional mitochondria and poor mitophagy, indicating
that this may be a common phenomenon in aging-
associated diseases.

LOSS OF PROTEOSTASIS

Aging and some aging-related diseases are associ-
ated with impaired proteostasis. Protein homeostasis
involves mechanisms for the stabilization of correct-
ly folded proteins and mechanisms for the degrada-
tion of proteins by two principal proteolytic systems
implicated in protein quality control: the autophagy-
lysosomal system and the ubiquitin-proteasome sys-
tem?. There is a strong body of evidence indicating
that aging is associated with disturbed proteostasis,
which may contribute to age-associated disorders.
Furthermore, maintenance of appropriate autophagic
activity prevents or slows down the functional failure
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associated with cellular proteotoxicity and accumula-
tion of intracellular damage in aging?3.

Recent work has approached the putative role of au-
tophagy in IPF, while studies on the ubiquitin system
are scant.

Autophagy is a complex process involving multiple pro-
teins and steps, including the formation of an initia-
tion complex and development of a double-membrane
phagophore; elongation of the membrane and com-
pletion of an autophagosome vesicle around cargo;
lysosomal fusion; dissolution of the inner membrane
allowing hydrolases to degrade the cargo; and recy-
cling of the components*4.

In the first approach in IPF, it was reported that LC3-II
levels (commonly used as a marker of autophagy) were
significantly lower in whole tissue homogenate of lungs
from patients with IPF compared with control lungs. In
experimentally induced lung fibrosis, it was shown that
the inhibition of mTORC1, a primary modulator of
autophagy, with rapamycin attenuated the fibrotic
response®>. In this study, they also found that inhibi-
tion of autophagy potentiated fibroblast to myofi-
broblast differentiation and activation. A subsequent
study, using biochemical evaluation of in vitro models,
demonstrated that autophagy inhibition is sufficient
to induce acceleration of epithelial cell senescence
and myofibroblast differentiation in lung fibroblasts3!.
More recently it was shown that an aberrant PTEN/
Akt/mTOR axis desensitizes IPF fibroblasts from po-
lymerized collagen-driven stress by suppressing au-
tophagic activity, which produces an IPF fibroblast
phenotype resistant to apoptosis in collagen4®.

Most studies regarding the role of autophagy in lung
fibrosis have focused on fibroblasts. A more recent
work suggests that epithelial cells may also be affected.
In an experimental model induced by bleomycin, it was
shown that Atg4b-deficient mice exhibited reduced au-
tophagy and a significantly higher inflammatory and
fibrotic response compared with the wild-type litter-
mate. Importantly, the study found that Atg4b dis-
ruption resulted in increased apoptosis, affecting pre-
dominantly alveolar and bronchiolar epithelial cells*’.
These findings indicate that autophagy protects epi-
thelial cells against bleomycin-induced stress and apop-
tosis, and participates in the attenuation of the in-
flammatory and fibrotic responses.

80

Importantly, evidence suggests that there is an age-
related decline in autophagy and selective targeting of
mitochondria for autophagic degradation that enhanc-
es the lung fibrotic response in experimental models*8.
This reduction seems to be exaggerated or accelerated
in IPF, a natural aging-associated human fibrosis.

Oxidative stress, endoplasmic reticulum (ER) stress, and
hypoxia, all mechanisms that participate in the patho-
genesis of IPF, are well-known inducers of autophagy.
However, this protective mechanism is dysfunctional,
likely contributing to the pathobiology of the disease.

The ubiquitin-proteasome system is the major degra-
dation pathway for short-lived proteins in eukaryotic
cells. Its relevance for preservation of protein homeo-
stasis in the lung is emerging for chronic lung dis-
eases*®. In this context, inhibition of this system by
specific proteasome inhibitors has been shown to
provide antifibrotic effects in the mouse model of
bleomycin-induced lung damage®°.

However, the regulation of proteasome function in
IPF has not been explored in detail. Recently, a
study showed that the proteasome is activated in
the process of TGF-B-induced human myofibroblast
differentiation®!. The activation resulted from in-
creased formation of 26S proteasomes. In IPF lungs,
the expression of the subunit Rpn6é was upregu-
lated specifically in myofibroblasts and hyperplastic
AECs overlying fibroblast foci. Elevated levels of K48-
polyubiquitin protein conjugates in these cells and
the positive correlation of whole lung Rpné protein
levels with K48-polyubiquitinated proteins suggest
that activation of ubiquitin-dependent protein deg-
radation by the 26S proteasome may be a patho-
logic feature of fibrotic remodeling occurring specifi-
cally in IPF>1.

STEM CELL EXHAUSTION

The balance between stem cell self-renewal and dif-
ferentiation is critical to orchestrate tissue homeo-
stasis and the response for repair/replacement of
damaged tissues. In this context, a major hallmark
of aging is a reduced ability to regenerate, which has
been associated with a decline in proliferative activ-
ity, impaired function, and exhaustion of tissue-spe-
cific stem and progenitor cells2. There is an emerging



body of evidence indicating that reduced function of
adult stem cells plays an important role in the develop-
ment of age-related diseases®2. So far, no studies in
IPF have been published. In a recent report, bone mar-
row-derived mesenchymal stem cells (B-MSC) derived
from old animals were found to display a remarkable
downregulation of multiple chemokine receptors such
as CCR7, CX3CR1, and CXCRS5 as well as other genes
involved in migration>3. When lungs were injured with
Escherichia coli lipopolysaccharide, aged endogenous
B-MSCs not only failed to migrate appropriately to
the injury site, but once there they also failed to pro-
duce enough of the anti-inflammatory agents that
characterize their younger forms. Interestingly, there
were similar differences between B-MSCs obtained
from young and aged human individuals; that is, old
cells showed a downregulation of cytokine receptors,
decrease in activation, and migration.

DEREGULATED NUTRIENT-SENSING

Insulin-like growth factor (IGF-1) and insulin signaling
are known as the “insulin and IGF-1 signaling” and
represent the most conserved aging-controlling path-
way in evolution?. Among its multiple targets are the
mammalian target of rapamycin (mTOR) complexes,
which are also involved in aging and recently have been
implicated in lung fibrosis. For example, in a recent
work, aberrant mTOR signaling activation was provoked
in AECs using conditional Tsc1 knock-down mice that
were then injured with bleomycin>#. Mice with increased
mTOR activation exhibited high mortality and exagger-
ated lung fibrosis compared with control mice. Moreover,
mTOR inhibition with rapamycin rescued bleomycin-
mediated lung injury and fibrosis. These findings were
associated to decreased autophagy that, as mentioned,
seems to contribute to abnormal repair and fibrosis.

Supporting the role of mMTOR complexes in the fibrot-
ic response, a recent study in IPF lung fibroblasts dem-
onstrated that TGF-B, a major profibrotic mediator,
induced the Rictor component of mMTORC2, which led
to Akt activation®>. Moreover, the use of a specific
inhibitor of the active site mTOR attenuated the ex-
pression of profibrotic matrix-regulatory proteins in
TGF-B-stimulated IPF fibroblasts and inhibited the fi-
brotic response in a murine bleomycin lung model>>.
Overactivation of mTOR has been found in fibroblast
foci and alveolar epithelial cells of IPF lungs>4>6.
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EPIGENETIC ALTERATIONS

Epigenetic mechanisms are heritable changes in gene
activity that are independent of alterations in the
underlying DNA sequence. In a more extensive defini-
tion, epigenetic includes the set of covalent modifica-
tions to DNA, posttranslational modifications to his-
tones, and the regulatory effect of non-coding RNAs
that influence the expression of genes and the struc-
ture of chromatin. All these epigenetic processes do not
act independently, but strongly interact to form a com-
plex regulatory system that can dynamically adjust the
gene expression. Epigenetic marks are remodeled and
may actively modulate the processes of aging.

DNA METHYLATION
AND IDIOPATHIC PULMONARY FIBROSIS

DNA methylation is a covalent modification that occurs
on cytosine, mostly located in CG dinucleotides (CpG).
Cytosine methylation primarily happens in CpG-rich se-
quences, dubbed as CpG islands, resulting in the con-
stitutive silencing of chromatin regions.

Aging is characterized by hypomethylation of sites
outside promoter CpG islands, while CpG islands near
promoters are typically hypermethylated, and there
is some evidence indicating that these modifications
in DNA methylation may be a sensor for both chron-
ological and biological age>’.

Studies in IPF are scant and initially focused on putative
meaningful candidate genes. Thus for example, Thy-1
(CD9%0), an important regulator of fibroblast behavior,
is absent in myofibroblasts within fibroblastic foci in IPF,
and its downregulation is mediated at least partially by
the hypermethylation of the promoter®8. Likewise, dif-
ferent levels of methylation of three CpG islands in the
promoter of a-SMA in fibroblasts and myofibroblasts
correlate with the levels of expression of this gene®°.
On the other hand, we have demonstrated that IPF fi-
broblasts have reduced expression of the proapoptot-
ic p14ARF attributable to promoter hypermethylation,
suggesting that epigenetic mechanisms may underlie
their resistance to apoptosis®°.

Global methylation and gene expression patterns have
been recently examined in IPF lungsé!. By comprehen-
sive high-throughput arrays, 4.6 million CpG sites
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distributed across the human genome as well as the
gene expression changes were examined in 94 IPF lungs
and 67 controls. Over 2,000 differentially methylated
regions associated with 1,514 unique genes were iden-
tified, with the majority of the methylation changes
located outside of promoter CpG islands. Functional
analyses identified several enriched canonical pathways
that have been implicated in the pathogenesis of IPF,
including CXCR4 signaling, thrombin signaling, Wnt/g-
catenin signaling, and epithelial adherens junction sig-
naling. Analysis of binding motifs in promoters revealed
overrepresentation of regulators of lung development,
specifically, f-catenin, GLI1, and FOXC2; this is impor-
tant since the upregulation of developmental pathways
is involved in the aberrant activation of epithelial cells®2.
These findings support the notion that several biologi-
cally relevant methylation-expression changes may con-
tribute to the development of IPF.

NON-CODING RNA AND IDIOPATHIC
PULMONARY FIBROSIS

Two main sub-groups of regulatory-type non-coding
RNA (ncRNA) have been described: the short ncRNAs (<
30 nucleotides long), that include microRNAs (miRNA),
short interfering RNAs (siRNA), and piwi-interacting
RNAs (piRNA); and the long ncRNAs that contain over
200 nucleotides and seem to control genome activity
at the chromatin level.

Epigenetic deregulation of ncRNAs, primarily miRNAs,
has been observed in IPF. In fact, different studies have
shown that approximately 10% of miRNAs are deregu-
lated and an imbalance between profibrotic and antifi-
brotic miRNAs are thought to be linked to the develop-
ment or progression of IPF364. The downregulated
miRNAs include miR-326, let 7d, miR-26a, miR-29, miR-
200, and miR-17~92, while miR-21, miR-154, 199a-5p,
and miR-145 are upregulated. In general, all these miR-
NAs play roles in the TGF-B1 signaling pathway, fibrop-
roliferation, lung epithelial cell development, and epithe-
lial to mesenchymal transition, and their deregulation
results in the facilitation of many profibrotic processes.

It is important to emphasize that all these epigenetic
mechanisms are integrated through complex crosstalk
pathways and feedback loops. For example, an asso-
ciation between aberrant DNA methylation and miR-
NA expression has been recently identified in IPF>.

82

Thus, increased DNA methylation in the promoter of
the miR-17~92 clusters silence its expression, which
in turn results in the upregulation of genes strongly
related to the fibroproliferative response and the fi-
broblast phenotype in IPF.

Finally, whether some of the mentioned epigenetic
changes observed in IPF are related to aging is uncertain.
It has been proposed that there is a stochastic age-re-
lated DNA methylation drift, which is bidirectional (both
hyper- and hypomethylation), is not uniform across the
genome, and is quite variable between individuals of the
same age®®. It is tempting to think that in few of them,
the drift particularly affects genes whose up- or down-
regulation results in a profibrotic reprogramming.

CONCLUSIONS

Aging is a multifaceted process that results in pro-
gressive decline in homeostasis and increased risk of
disease or death. Incidence and prevalence of IPF in-
crease remarkably with aging. Before 50 years of age,
IPF is rare, but over 60 years old, the prevalence may
be as high as 300/100,000, indicating a strong link
between aging and IPF. Most of the hallmarks of aging
seem to be involved in the development or progres-
sion of IPF. However, studies to date were performed
in small cohorts and have produced heterogeneous
results. In the future it will be necessary to integrate
the genetic and epigenetic data to identify regulatory
pathways associated with aging and identify which of
them may be implicated in the pathogenesis of IPF.
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ABSTRACT

Aging is a complex phenomenon leading to numerous changes in the physiological systems of the body. One of the most important
changes, called immunosenescence, occurs in the immune system. Immunosenescence covers changes in the innate and the
adaptive immune systems and is associated with a low-grade inflammation called inflammaging. Aging, likely via inflammaging,
is also associated with the emergence of chronic diseases including cardiovascular and neurodegenerative diseases, cancer, and
diabetes mellitus type 2. The origin of this inflammaging is not known with certainty, but several concurrent contributing factors
have been suggested, such as aging-associated changes in the innate and adaptive immune response, chronic antigenic stimulation,
the appearance of endogenous macromolecular changes, and the presence of senescent cells exhibiting a senescence-associated
secretory phenotype. A better understanding of the multiple biological phenomena leading to these diseases via the
immunosenescence associated with inflammaging provides a powerful target for interventions to increase the healthspan of
elderly subjects. (REV INVES CLIN. 2016;68:84-91)

Key words: Inflammaging. Immunosenescence. Chronic diseases.

INTRODUCTION

Aging is a complex biological and physiological pro-
cess2. The exact cause of aging is not known.
However, we know that with aging, the incidence and
prevalence of chronic diseases such as cardiovascular
diseases, cancer, and neurodegenerative diseases are
increasing34. Indeed, the most important risk factor
for the occurrence of these diseases is age. The
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relationship between aging and these age-related
diseases is still actively being searched for. Recently,
a new concept called “geroscience” was proposed to
understand the putative role of aging in the appear-
ance of age-related diseases and seeks to develop
novel multi-disease preventative and therapeutic ap-
proaches>”. The corollary of this concept is “healthspan”
or a substantial extension in healthy life expectancy.
This states that by decreasing/decelerating the rate
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of aging we can increase the time spent in health
before the appearance of these age-associated dis-
eases®. In this review we will describe the age-related
changes, especially in the immune system, which can
lead to the development of these age-related chronic
diseases.

AGE-RELATED CHANGES
IN THE IMMUNE SYSTEM

Aging is associated with several changes in the phys-
iology of many organs and systems underlined by
molecular, cellular, tissue, and organismal changes?. In
arecent work, nine hallmarks of aging were described?®.
Among these hallmarks, what emerged very recently
as one of the most determinant is changes in the im-
mune system®12. These changes in the immune re-
sponse are presently called “immunosenescence”.
This concept is not clearly defined and recent research
questioned many paradigms linked to this concept10-13,
In spite of this debate, numerous experimental data
support the changes in the immune system with aging,
even in humans.

Immunosenescence

This concept suggests that the immune system as a
whole is aging, not in one block, but with certain parts
aging more than others. The immune response is
composed by two distinct, but closely interrelated
parts: the innate and the adaptive parts®!2. It is over-
whelmingly recognized that the immune changes oc-
curring with aging affect the adaptive part. However,
recently it was also recognized that there are sub-
stantial changes in the innate immune system?:19.

The innate immune system is composed of several
cells, including neutrophils, monocytes/macrophages,
and dendritic cells. In spite of the fact that natural
killer (NK) cells are part of the innate-like lymphocyte
group, we will discuss their changes in this paragraph.

Neutrophils are the first to arrive at the site of ag-
gression. Their lifespan is quite short as, if unstimu-
lated, they die by apoptosis, but their lifespan can be
increased by pro-inflammatory stimuli such as lipo-
polysaccharide (LPS)!41> Indeed, the number of
neutrophils was reported to be relatively high in the
elderly, even if within the normal range. The effector
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functions of neutrophils were altered after several
receptor stimulations by their specific ligands, such as
LPS, formyl-methionyl-leucyl-phenylalanine (FMLP),
or granulocyte-macrophage colony stimulating factor
(GM-CSF) including chemotaxis, intracellular killing,
and respiratory burst resulting in free radical produc-
tiont6-21 Interestingly, in most studies the phagocyto-
sis and adherence did not show age-related alterations.
It is of note that the changes in these effector func-
tions can be, on the one hand, explained by the activa-
tion of these neutrophils already in the quiescent state
manifested by the increased free-radical production,
cytokine production, and metalloproteinase production,
concomitantly to the sustained nuclear factor kappa
B (NF-kB) activation®?2-24, and on the other hand by
the alteration of the signaling pathways?>. The most
important signaling pathway is PI3K, which has been
found to be altered in neutrophils with aging?¢.

The monocyte/macrophage lineage also shows age-
related changes, although interestingly this is much
less studied in humans. However, the results indicate
that most of the effector functions of these cells are
decreased, including cytotoxicity, intracellular killing,
and antigen presentation?427:28, The recently discov-
ered toll-like receptor (TLR) functions are also altered
in these cells. Some monocyte subpopulations, mainly
withaninflammatory phenotype suchasCD14*CD16*,
are increased?®. This is manifested by the increase of
pro-inflammatory cytokine production at the quiescent
state, while they are decreased during stimulation.
Similar changes were observed in plasmacytoid and
myeloid dendritic cells, resulting in impaired antigen
presentation and CD4* T-cell activation3°.

The NK cells have important killing functions toward
virus-infected and cancerous cells®3!l. Two distinct
populations exist considering the CD56 cell surface
markers. With aging, the CD56 bright subpopulation
decreases while the CD56 dim subpopulation increas-
es. On a single cell basis, the cytotoxic activity of NK
cells decreases, but their greater number compen-
sates for this decrease. Together these changes ob-
served in the innate system indicate that with aging
there is a basal activation state, which manifests itself
by increased pro-inflammatory mediators concomi-
tantly with decreased receptor signaling and effector
function decrease®?42>32-34 The question arises, why
is that so? The origin of these changes is not well
understood; however, a chronic low-level stimulation
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by infectious agents, some related to gut microbiota,
can be postulated. The barriers (especially in the gas-
trointestinal system) are more permeable, especially
in the presence of low-grade inflammation, and many
substances can be found in the circulation or in tis-
sues even if at the origin these substances may be
beneficial or neutral3%3¢. Many other antigens are also
chronically generated, such as cancer-related anti-
gens, cellular debris, modified DNA, and oxidatively
modified proteins, which interact with danger-associ-
ated molecular patterns (DAMP) to generate and sus-
tain the basal activation of innate immune cells. This
is the basis of the inflammaging concept proposed by
Franceschi, et al.3738. The most marked changes with
aging occur in the adaptive immune system; this is
affected phenotypically as well as functionally. The
phenotypic changes that were observed pertain to a
decrease in the naive T-cell populations and an in-
crease in the memory populations, especially in the
CD8* T-cell compartment. This decrease in the naive
T-cells with age is mainly caused by the thymic func-
tion diminution3®, but is partly compensated by ho-
meostatic proliferation at the periphery#%41. The ulti-
mate consequence of this decrease is loss of diversity
of the TCR repertoire, especially in CD4* naive cells
and in CD8* late-differentiated memory cells. This
may result in both increased susceptibility to new
infections and decreased response to vaccines as well
as poorer memory for previously encountered patho-
gens. In the meantime, the number of exhausted/
terminally differentiated (the so-called senescent)
CD28- T-cells increases, mainly in the CD8* T-cell
subpopulation. The cause of this shift is likely the
chronic antigenic stimulation originating either from
micro-organismal sources or from internal altered
tissue and molecular debris#2. The most accepted
antigenic stimulation in this context is the cytomega-
lovirus (CMV), which has a tendency to reactivate
when the immune surveillance decreases*3. These
observations lead to the determination of the im-
mune risk phenotype (IRP) following the Swedish
Octo and Nona studies and were linked to higher mor-
tality during the follow-up period444>.

It is of note that there are not only phenotypical
changes, but also functional changes either at the
level of the T-cell subpopulations or in individual
T-cells with aging. There are profound changes in the
CD4* T-cell subpopulations in that the number of
T-helper type 2 cells (Th2) and T regulatory cells (T,_))
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increases with aging. This leads to a further decrease
in the adequate adaptive immune response towards
new antigens, also altering the memory response. Be-
sides these changes, there are intrinsic alterations in
T-cells resulting in altered activation. The membranes
of these cells become more viscous because of the
increase in cholesterol content with aging4647. These
alterations lead to changes in the signaling abilities of
different surface receptors including TCR/CD3 com-
plex, cytokine, and co-stimulatory receptors?>484°,
Age-associated differences in signaling can be found
at almost all stages of the intracellular pathways, but
the most important are at the early stages, involving
the Src tyrosine kinases (e.g. Lck) and the protein
tyrosine phosphatases (e.g. Src homology region 2
domain-containing phosphatase-1, SHP-1)%°. Our re-
cent data suggest that modulating protein tyrosine
phosphatases may increase T-cell responsiveness in
the elderly, as was also described by other groups®!.

Together, these changes in the innate and adaptive
immunity favor the development of chronic, low-grade
(subclinical) inflammatory process (inflammaging) and
decrease efficient responses to new infections, can-
cer, and endogenous tissue injuries, as well as com-
promising immunity to some previously encountered
pathogens37:>2,

Inflammaging

Inflammaging as described above is a state associated
with increased proinflammatory mediators, which de-
velops gradually through continuous antigenic stimu-
lation in aged subjects*243. This antigenic stimulation
can be provided either by pathogens such as CMV and
herpes simplex virus-1, or by cellular and molecular
debris arising from transformations caused by reac-
tive oxygen species (ROS), by the Maillard reaction
(e.g. advanced glycation end products), by nitrosyl-
ation and cancer cells. These constantly generated
antigens already stimulate at the resting state both
innate and adaptive immunity, resulting in low-grade
inflammation?¢.

The most common chronic diseases associated with
aging and representing an important threat for sur-
vival are related to a low-grade inflammatory process.
Thus, aging is the most important risk factor for
these chronic diseases because of immunosenescence
associated with the inflammaging3#34-57. The most



important of these diseases are atherosclerosis,
obesity, diabetes, and neurodegenerative diseases. In
each of these diseases, the trigger DAMP interacting
with pattern recognition receptors is different as, for
atherosclerosis, the oxidized lipoproteins may be the
initiator triggers, while in diabetes type 2 these can
be the glycated end products, and in neurodegen-
erative processes these can be the viral products or
misfolded proteins. Together, these facts underline
the importance of immunosenescence-related in-
flammaging as a major factor to influence, via these
deadly chronic diseases, the longevity of humans’.
These data further suggest that immune system al-
terations with aging will be important for determining
longevity. Thus, the question arises whether the ef-
fects of the altered immune response with aging occur
only via disease susceptibility, or if there is another
independent mechanism by which altered immunity
influences human aging.

In this context, we should also mention that more
and more there is a complementary concept stating
that the origin of the pro-inflammatory cytokines
may be the senescent cells acquiring a senescence-
associated secretory phenotype (SASP)%7:58, These
cells seem to accumulate during the aging process
and secrete pro-inflammatory cytokines and con-
comitantly they cannot be eliminated by the immune
system when they arise>®. This cell senescence also
in essence is a beneficial process to avoid the devel-
opment of cancer, but can become dysregulated and
contribute to the phenomenon of inflammaging. We
have further drawn attention to the fact that pro-
inflammatory cytokines alone cannot explain the
inflammaging, as this is a very complex process with
various interactions between the pro- and anti-in-
flammatory molecules and the innate immune sys-
tem®°. Increased interleukin (IL)-4 production and
increased numbers of suppressor cells, such as T,
or myeloid-derived suppressor cells, also exemplify
this anti-inflammatory reactive phenomenon, which
is most probably not efficient enough in the face of
the sustained inflammatory processes with aging®1-64.
Alternatively, it can be too efficient to suppress spe-
cific responses, but not efficient enough against
sustained, non-specific and multiple-origin, low-level,
pro-inflammatory “storm”.

Recently, the trained innate memory concept was de-
scribed®>. This signifies that innate immune cells may
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remember the insult far beyond the presence of the
insult in the environment. Concomitantly, it became
also apparent that an epigenetic memory exists,
which can perhaps also maintain the inflammatory
state without the original stimulus®®¢7. Finally, the
long-lasting pro-inflammatory milieu could also con-
tribute to maintenance of the supranormal immune
reaction by self-maintaining it, creating a vicious cy-
cle. It seems that this pro-inflammatory phenotype
can at least be detected up to three months after the
original stimulation, but presently there are no data
for longer follow-up®?.

Further studies on the molecular basis of this long-
term memory demonstrated that the trained mono-
cytes/macrophages were characterized by a global
increase in epigenetic regulation by H3K4me3 on the
promoter region of genes involved in immune signaling
and metabolism®®7° More recently, the metabolic
basis of the trained immunity was uncovered’!. Thus,
the various stimuli for trained immunity include mi-
crobes, nutrients, and other stimulating agents that
are able to induce a metabolic shift from oxidative
phosphorylation to aerobic glycolysis (the Warburg
effect). This happens via the activation of mammalian
target of rapamycin (mTOR) and its effector, hypoxia-
inducible factor (HIF)-1a. So, the mTOR- and HIF-1a-
induced metabolic shift play a major role in epigenetic
reprogramming of monocytes, leading to the trained
innate immunity phenotype of macrophages’2. Sum-
marizing, we can hypothesize that the trained status
of innate immune cells via epigenetic memory presents
a persisting pro-inflammatory phenotype maintained
by the age-related constant challenges, resulting in
maintenance of the functioning of the immune system
and also contributing to the appearance of various
age-related, chronic inflammatory diseases.

Neurodegenerative diseases

Dementia is highly prevalent among the elderly and
increases with age. The question naturally arising in
this context is whether low-grade inflammation related
to immunosenescence contributes to the develop-
ment of Alzheimer’s disease (AD) by altering the
adaptive immune response and favoring an inflam-
matory status, or whether these changes are only
epiphenomena. Recent studies concluded that brain
inflammation mediated by microglia is ongoing during
the whole neurodegenerative process’3-7¢. This has
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different intensity in the prodromal mild cognitive im-
pairment stage compared to clinically full-blown AD.
Microglia are continuously secreting pro-inflammatory
cytokines, while their capacity to phagocytose amy-
loid beta peptide (AB) is seriously compromised as
the disease progresses’¢. The production of inflam-
matory cytokines originating from the innate immune
response is stimulated by the increased production of
aggregating Ap7377. These cytokines could have a
dual role, since they can be protective by increasing
the elimination of AP, or they can cooperate as co-
stimuli during chronic A stimulation, thereby enhanc-
ing a pro-apoptotic effect. Moreover, Af primes T-cells,
eliciting the appearance of autoreactive T-cells, which
can participate either directly or by the production of
interferon-y (IFN-y) in the destruction of neurons and
formation of plaques. It was recently shown that
dramatic alterations in naive and memory subsets of
CD4* T-cells occur in patients with mild AD, with
greatly decreased percentages of naive cells, elevated
memory cells, and increased proportions of CD4* as
well as CD8* cells lacking the important co-stimula-
tory receptor CD28. These data provide evidence for
more highly differentiated CD4* as well as CD8* T-cells
in AD patients, consistent with an adaptive immune
system undergoing persistent antigenic challenge and
possibly manifesting dysregulation as a result, and
as such contributing to the pathogenesis of AD’8.
Together, the role of neuroinflammation in AD patho-
genesis gains more and more support from experi-
mental data supporting the systemic disease nature
of AD and the vicious cycle existing between the pe-
riphery and the brain by the re-circulation of the inflam-
matory cells such as macrophages’3. Thus, alterations
of the immune system contributing to low-grade
inflammation with aging might contribute to the de-
velopment of AD, but the exact role played is still
under intense scrutiny.

Diabetes type 2

Diabetes is one of the most common diseases of the
elderly, with almost 10% suffering overtly and prob-
ably another 10% unrecognized. Diabetes type 2
(T2DM) alone or associated with metabolic syndrome
is related to chronic inflammation>2>479:80 which in
turn is related to the pro-inflammatory activity of the
adipose tissue, leading to some degree of insulin resis-
tance and decreased insulin production by pancreatic
Langerhans islet cells. It has also been shown that
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some inflammatory markers, such as F2 isoprostane
in urine, IL-6, tumor necrosis factor (TNF), and C-reac-
tive protein (CRP), are increased in T2DM?>3. It has
been suggested that the increase of these parame-
ters is associated with increased oxidative stress®l.
T2DM is often associated with complications at the
levels of arteries, eyes, and kidneys&2. These compli-
cations are further associated with an inflammatory
process exaggerated by the presence of advanced
glycation end products. Thus, diabetes is itself an in-
flammatory disease and, combined with other altera-
tions and with immunosenescence, further alters the
immune response.

Atherosclerosis

Atherosclerosis is a typical inflammatory disease and
is the pathological basis of cardiovascular diseases,
which are extremely frequent in the elderly®3. This
inflammatory disease may be initiated by certain
auto-antigens, such as possibly Hsp65, modified low-
density lipoproteins, or by infectious agents such as
Chlamydia pneumoniae®4. These agents stimulate cel-
lular immune infiltration of the intima of the arterial
wall. The most abundant infiltrating cells are CD4*
T-cells, which bear activation markers®>. This leads to
the secretion of IFN-y, which in turn stimulates innate
immune responses and creates a vicious cycle, leading
to clinical events such as acute coronary syndrome
with rupture of the plaque®3. Moreover, a link between
the IRP-related CD8*CD28~ T-cell population and
coronary artery disease was demonstrated indepen-
dently of any CMV infection®. This latter finding
further suggests that T-cell subset changes during
immunosenescence may contribute to the develop-
ment and progress of atherosclerosis. These cells are
now considered as senescent T-cells with SASP>8>3%,
Recent work concerning the mechanisms of athero-
sclerosis also found a persistent pro-inflammatory
behavior in monocytes/macrophages with disease
progression. In this disease it was found that the
inflammatory nature of the peripheral monocytes
might predict future cardiovascular events®®. It is of
note that atherosclerosis develops as a life-long pro-
cess, which starts at a young age and only manifests
itself clinically at more advanced age. Together, it
seems clear that alterations of the immune system
with aging contribute to the development of clinically
manifested atherosclerosis such as coronary heart
disease.



Chronic heart failure

Chronic heart failure (CHF) affects not only the car-
diovascular system, but also neuroendocrine, renal,
and immune systems; CHF is associated with a state
of chronic inflammation®”. TNF, IL-6, and IL-1p in the
myocardium and peripheral tissues have been shown
to play an important role in the pathogenesis and
progression of myocardial dysfunction®®. Indeed, plas-
ma levels of these pro-inflammatory cytokines pre-
dict short- and long-term survival in patients with
CHF. Furthermore, in hearts of patients with CHF, the
accumulation of these TLR-4-regulated pro-inflam-
matory cytokines and expression of TLR-4 receptor
itself have been reported to be increased®®. Recently,
the expression of TLR-4 and TLR-2 was measured on
monocytes from CHF patients. Monocyte TLR-4 ex-
pression was found to be increased in patients with
CHF, and fluvastatin was able to inhibit the excessive
innate immune response via inhibition of monocyte
TLR signaling®. Such increased TLR-4 expression could
be a link to the increased proinflammatory cytokines
found in CHF. Similar alterations were observed in the
TLR system of leukocytes with aging.

GEROSCIENCE

As mentioned earlier, the most important risk factor
for all these diseases is aging. Thus, diseases seriously
limit not only life expectancy, but also the newly used
concept, healthspan. This makes reference to the part
of the lifespan that is spent in health and adequate
functioning>7. The aim of geroscience is to under-
stand how aging enables chronic diseases, and seeks
to develop novel multi-disease preventive and thera-
peutic approaches. This approach is much larger than
what was discussed earlier, as inflammation is only
one of the seven pillars of aging, which includes mac-
romolecular damage, epigenetics, adaptation to stress,
proteostasis, stem cell and regeneration and metabo-
lism. These putative causes emerged from animal
studies and served as a base for intervention studies,
which increased longevity and healthspan; however,
the basic understanding of the aging process should
be the target of intensive basic research. The chal-
lenge is to transfer all this knowledge experimentally
and therapeutically to humans, aiming to slow the
aging process to prolong human healthspan and con-
sequently decrease the appearance of age-related
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chronic diseases. However, we can envisage that this
will be the future for humans with the collaboration
of multidisciplinary teams to prevent and avoid the
disastrous effects of chronic diseases individually.
Thus, targeting aging may allow early interventions
and damage avoidance, maintaining a fully functional
life and healthspan.

CONCLUSIONS

Aging is a very complex biological and physiological
process. Aging results from genetic, epigenetic, and
environmental events interacting throughout life. One
corollary of aging is that it is the most important risk
factor for age-related chronic diseases, including
cardiovascular diseases, cancer, neurodegenerative
diseases, and diabetes. It was shown that the most
common underlying physiopathological process of all
these diseases is inflammation. It was also stated that
aging is accompanied by changes in the immune sys-
tem called immunosenescence, characterized by mul-
tiple alterations in the phenotypes and functions of
the innate and adaptive immune cells. One important
characteristic of this immunosenescence is a low-
grade inflammation called inflammaging. There is
overwhelming evidence that this inflammaging con-
tributes, if not being the origin of, most age-related
chronic diseases. The etiology of this inflammaging is
still largely unknown, but certainly the disequilibrium
between the relatively functioning innate and the
more altered adaptive immune system is a contribut-
ing factor. The presence of the senescence-associat-
ed secretory phenotype is another contributor, and
finally, the presence of endogenous damaged macro-
molecules and cells as well as the leakage of the gut
microbiota also participate. Certainly inflammaging is
not the only cause of these age-related chronic dis-
eases, but it may represent a sort of common path-
way. These chronic diseases shorten the lifespan and
also the healthspan. Recently, new efforts of gerosci-
ence aimed to more deeply uncover the biological
aging process as observed in animal models to apply
to humans, and to find pathway targets for slowing
down the aging process, leading to a more healthy
and functional lifespan by delaying the emergence of
these chronic age-related diseases. Among the inter-
ventions, those targeting the immunosenescence by
thymic replacement, effective vaccine against CMV,
targeted anti-inflammatory interventions, or those
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targeting senescent cells or the inflammasome have
shown promise, but presently mainly in animal models.
The way will be very long to get these interventions
real in humans.
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ABSTRACT

Background: There are two widely used tools to classify frailty in older adults: the frailty phenotype and the frailty index. Both
have been validated for prediction of adverse outcomes. Objective: To assess the ability of different frailty indices to predict a
number of adverse outcomes (falls, disability, and mortality) by adding deficits in a fixed sequence (with the first five deficits
as in the frailty phenotype: weakness, weight loss, slowness, exhaustion and low physical activity) or randomly. Methods: This
is an analysis of the Costa-Rican Longevity and Healthy Aging Study in which = 60-year-old adults were included and followed
up for four years. Frailty indices were constructed, including the frailty phenotype components in the first five indices followed
by the random addition of other deficits and estimating for each one the odds ratios for falls and disability and hazard ratios
for mortality, adjusted for age and sex. Results: We included 2,708 adults; mean age was 76.31 years, 54.28% were women.
Indices with the highest number of deficits had the highest estimates for each adverse outcome, independent of the deficit.
Conclusion: The higher the number of deficits in an index, the higher the estimates for adverse outcomes, independent of the
type of deficit added. (REV INVES CLIN. 2016;68:92-8)

Key words: Frail elder adult. Aged. Accidental falls. Disability. Aging epidemiology.

INTRODUCTION

The way individuals age has been the main concern of
geriatric medicine in recent years, focusing in particular
on the identification of those in whom aging could be
considered “pathologic” and are at a higher risk of ad-
verse outcomes (e.g., falls, disability, institutionalization,
mortality)1-2. Frailty is defined as a loss of the ability to
face stressors (internal and external) leading to a longer
recovery or transition to a worse health status (e.g., from
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independence to dependence)34. Currently, there are
a number of scales for the classification of frailty in
older adults, with different sets of items and scoring
systems and mainly validated by their ability to predict
adverse outcomes>®. In fact, there is a substantial het-
erogeneity within and between tools”8, not only in the
items they include but also in the scoring system (e.g.,
some items have higher weights than others)®-12. A re-
cent systematic review showed how this heterogeneity
results in a wide range of prevalence between studies?3.
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In this context, there is still no agreement on which is the
best tool to measure frailty!4.

Two main tools to consider an older adult as frail are
currently in use in clinical and research settings: the
frailty index and the frailty phenotype. The frailty index
quantifies a predetermined set of deficits for a given
population, with the particular feature of having an
arithmetic model base (e.g., arithmetical accumulation
of deficits)14-16. It has been widely validated in different
settings for predicting adverse outcomes37#. On the
other hand, the frailty phenotype relies on the mea-
surement of five items: gait speed, handgrip strength,
physical activity, exhaustion, and weight loss. An older
adult that has at least three of the five items is con-
sidered to be frail*. Different studies also validated
this index to predict adverse outcomes.

Our hypothesis is that the items on the frailty pheno-
type could be taken as deficits in a frailty index; how-
ever, when doing this, the higher the number of deficits
included in the frailty index will have the highest risk
estimates of adverse outcomes, independent of which
deficit is added. Therefore, the aim of this study is to
assess the ability of different frailty indices to predict
a number of adverse outcomes (falls, disability, and
mortality) by adding deficits in a fixed sequence (with
the first five deficits as in the frailty phenotype: weak-
ness, weight loss, slowness, exhaustion, and low phys-
ical activity) or randomly.

MATERIAL AND METHODS
Design and setting

This is a secondary longitudinal analysis of the Costa-
Rican Longevity and Healthy Aging Study (CRELES). It
is a publicly available dataset of Costa Rican older
adults born in or before 1946; it included a represen-
tative sample (stratified two-stage probabilistic) of >
60-year-old adults from Costa Rica. A full description
of sampling methods and objectives may be found
elsewherel?. Briefly, this study has three waves in which
face-to-face interviews are conducted by trained and
standardized staff at the homes of older adults, including
in-depth data on demographics, current activities, health-
related issues, social support, healthcare use, financial
status, functionality, cognitive status, anthropometry,
and blood sampling. For the purpose of this report, data
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from the first (2005) and third (2009) waves were
used. Both interviews assessed the same information,
with the exception of mortality data in 2009, including
a next-of-kin interview for the deceased participants.

Adverse outcomes (dependent variables)

We selected three adverse outcomes to test the predic-
tive ability of the frailty indices: mortality, disability, and
falls. As previously mentioned, survival status was ob-
tained from next of kin, and the date of death was re-
corded to estimate the time (days) to death in the sur-
vival analysis (see below). Falls were assessed with the
question: “Have you fallen down in the last two years?”
If the answer was “yes”, the outcome was present.
According to the World Report on Disability by the
WHO, disability was defined as the “umbrella term for
impairments, activity limitations, and participation re-
strictions”. It was operationalized as having incident
difficulty in any activity of daily living (from a list of six
activities: walking in a room, bathing, eating, moving
in and out from bed, toileting, dressing) present in the
third wave and absent in the first wave.

Frailty index

As stated previously, 38 deficits were included in the
frailty indices: exhaustion, weight loss, low physical ac-
tivity, slowness, weakness, cognitive decline, spirometry,
calf circumference, endurance, reaching test, number of
persons living in the same household, self-rated health,
hypertension, hypercholesterolemia, diabetes mellitus,
cancer, lung disease, heart attack, heart failure, stroke,
articular disease, osteoporosis, bone fracture, self-rated
vision, self-rated hearing, edentulous, life satisfaction,
swelling feet, dizziness, urinary and fecal incontinence,
locus of control, self-rated financial status, exercise,
recent accident, childhood poverty, self-rated health in
childhood, number of hospital days in the last year, and
number of currently used drugs. Complete description
and scoring of the variables is shown in table 1. Scoring
of individual items was rescaled to O (absent deficit) or
1 (present deficit), with some items having intermediate
scores (e.g., 0.25-0.5-0.75-1). Each item score was add-
ed and then divided by 38 to have an overall index score
also from O (no deficit present) to 1 (all deficits present).

To test our hypothesis, a total of 190 (5 x 38) frailty
indices were integrated to be used as independent vari-
ables in the regression models and estimate increasing
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Table 1. Description of the deficits included in the Frailty Index

Deficit

Definition

Descriptive
statistics, n (%)

Exhaustion, n (%)

Weight loss, n (%)

Low physical activity, n (%)
Slowness, n (%)
Weakness, n (%)

Cogpnitive decline, n (%)

Spirometry in I/min, mean (SD)

In the last 12 months, have you had severe fatigue or exhaustion?

In the last 6 months, have you lost 5 or more kilograms unintentionally?

Lowest quintile of hours of physical activity of its group by sex

Lowest quintile of gait speed of its group by sex and height

Lowest quintile of handgrip strength of its group by sex and body mass
index quartile

Answering less than 75% of the items correctly from a modified version
of the MMSE

Calf circumference in centimeters, mean (SD)

Endurance in seconds, mean (SD)
Reaching in centimeters, mean (SD)

Number of persons living with the
older adult, median (IQR)

Fair or poor self-rated health, n (%)
Hypertension, n (%)
Hypercholesterolemia, n (%)
Diabetes mellitus, n (%)

Cancer, n (%)
Lung diseases, n (%)

Heart attack, n (%)

Heart failure, n (%)

Stroke, n (%)

Articular diseases, n (%)
Osteoporosis, n (%)

Bone fracture, n (%)

Self-rated vision, median (IQR)
Self-rated hearing, median (IQR)
Edentulous, n (%)

Not satisfied with life, n (%)
Swelling feet, n (%)

Dizziness, n (%)

Urinary incontinence, n (%)

Fecal incontinence, n (%)

Locus of control score, median (IQR)
Low self-rated financial status, n (%)
Not exercised, n (%)

Recent accident, n (%)
Childhood poverty, n (%)

Fair or poor childhood self-rated health,

n (%)
Hospital days, median (IQR)
Drugs, median (IQR)

Time to stand up five times from a chair
From a standing position, reach for a pencil on the floor
How many persons live in this household?

How would you rate your health today?
Has a physician ever told you that you have high blood pressure?
Has a physician ever told you that you have high cholesterol levels?

Has a physician ever told you that you have diabetes (high blood sugar
levels)?

Has a physician ever told you that you had cancer or a tumor, excluding
small skin tumors?

Has a physician ever told you that you have any lung disease such as
emphysema, chronic bronchitis, tuberculosis, or asthma?

Has a physician ever told you that you had a heart attack or infarction?
Has a physician ever told you that you have heart failure?

Has a physician ever told you that you had a stroke?

Has a physician ever told you that you had any articular disease?
Has a physician ever told you that you have osteoporosis?

Have you had a bone fracture after your 60 birthday?

Rate how good is your vision from one to seven (seven is better)
Rate how good is your hearing ability from one to seven (seven is better)
More than half of the teeth missing

In general, how do you feel with your life?

In the last 12 months, have you had swelling feet?

In the last 12 months, have you had dizziness?

In the last 12 months, have you had involuntary urinary loss?

In the last 12 months, have you had involuntary fecal loss?

Set of seven questions exploring health-related locus of control

How would you rate your current financial status?

In the last 12 months, have you regularly exercised or done moderate
physical activity such as running, biking, or hard work at least 3 days a
week?

In the last 10 years, have you suffered from any car accident?

During the first 15 years of your childhood, did your family have
economic trouble that prevented you from eating, dressing, or
receiving healthcare appropriately?

How was your health most of the time during your childhood?

How many days were you hospitalized in the last 12 months?
Number of medications being taken

1,106 (40.92)
273 (10.98)
714 (26.37)
566 (20.9)
561 (20.72)

557 (20.17)

202.84 (133.4)
32.54 (4.23)
13.59 (4.72)

1.9 (2.53)
2 (0-20)

1,366 (50.44)
1,329 (49.3)
937 (35.12)
523 (19.4)

183 (6.8)

486 (18.09)

146 (5.41)
371(13.81)
146 (5.41)
446 (16.68)
256 (9.63)
462 (17.1)
5.5(1-7)

6 (1-7)
2,349 (86.74)
206 (10.11)
851 (31.45)
1,034 (38.32)
544 (20.13)
123 (4.55)
22 (0-32)
1,643 (60.9)
2,054 (75.91)

133 (4.82)

1,160 (42)

173 (6.26)

0 (0-200
3 (0-17)

MMSE: Mini-Mental State Examination; SD: standard deviation; IQR: interquartile range.
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hazard ratios (HR) for mortality or odds ratio (OR) for
falls and disability. The first five indices corresponded to
the items of the frailty phenotype, added one by one
as follows: weakness, slowness, weight loss, exhaustion,
and low physical activity. In the rest of the indices, the
variables were added randomly using four different
lists of random numbers. For example, for the re-scaled
frailty phenotype, the frailty index (FI) was determined
as follows: FI = weakness + slowness + weight loss +
exhaustion + low physical activity/5; then, the rest of
the deficits was randomly added. This procedure was
repeated four times; however, as stated previously,
only the first five deficits were constant, and from
there on, deficits were randomly added.

Statistical analysis

We used descriptive statistics to analyze the variables
included in the frailty index, as well as age, sex, and
adverse outcomes (falls, disability, and mortality). Each
adverse outcome was sequentially used as the depen-
dent variable in logistic multiple regression models
for falls and disability, and Cox regression models for
mortality. Effects estimates and their 95% confidence
intervals (Cl) were determined for each adverse out-
come and for each of the 190 indices; all models were
adjusted for sex and age. Estimates were plotted against
the number of deficits for each of the 190 indices and
for each adverse outcome. Pearson correlation between
the estimates and the frailty indices was also calcu-
lated. A statistical significance < 0.05 was considered
significant. All analyses were made using STATA 14, and
plots were done in Excel 2016.

Ethical considerations

The CRELES was approved by the Ethical Science
Committee of the University of Costa Rica (VI-763-
CEC-23-04), research project number 828-A2-825.
All subjects signed informed consent, and all proce-
dures of the study are according to the last version
of Helsinki declaration. In addition, the secondary
analysis of this report was registered in the National
Institute of Geriatrics of Mexico.

RESULTS

There were 2,708 older adults included; mean age
was 76.31 years (+ standard deviation [SD] 10.19)
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and 54.28% were women (n = 1,470). Participants
lost to follow-up (n =419, 15.17%) were significantly
younger (73.88 vs. 76.69 years; p < 0.001), were not
different in distribution by sex, and had a significantly
lower frailty index score (0.243 vs. 0.26; p = 0.004).
During follow-up, 531 (19.6%) participants died,
816 (44.32%) had at least one fall, and incident
disability was present in 997 (54.1%).

The mean score of the complete frailty index (38 items)
was 0.257 (+ SD 0.08), with the lowest score being
0.054 and the highest, 0.579. The median was 0.254,
the 25t™ percentile was 0.2, and the 75™ percentile,
0.31. The deficit with the highest proportion was
having more than half of the teeth missing (edentulous)
(n = 2,349, 86.74%), and the lowest for fecal incon-
tinence 4.55% (n = 123). The rest of the deficits are
described in table 1.

Regarding mortality, the lowest adjusted HR was found
with the lowest number of deficits, independent of
the initial deficit; the same occurred with the highest
HR, which ranged from 1.01 with one deficit, to
49.17 with all deficits present. The correlation for all
the scores was positive and significant, ranging from
0.89 to 0.977 (Fig. 1).

For falls, the lowest OR (1.11) resulted when only one
deficit was added to the score, while the OR was
74.12 when all the deficits were present. The correla-
tion for all the scores was positive and significant,
ranging from 0.935 to 0.978 (Fig. 2).

Finally, incident or worsening disability also had the
lowest estimates when only one deficit was present
(OR 1.28) and the highest when all the deficits were
present (11.78). The correlation for all the scores
was positive and significant, ranging from 0.878 to
0.967 (Fig. 3).

DISCUSSION

According to our results, the deficit-accumulation frail-
ty index seems to be valid in Costa Rican older adults,
and when the elements of the frailty phenotype were
taken as deficits, there was no difference in risk esti-
mate of adverse outcomes when compared to random-
ly assembled frailty indices: the higher the number of
deficits, the higher the estimates of risk!®. It has been
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Figure 1. Increasing hazard ratios for mortality adjusted for age and sex by adding deficits to the frailty index, either with the
first five deficits fixed, as in the frailty phenotype, or in a random sequence.
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Figure 2. Increasing odds ratio for falls adjusted for age and sex by adding deficits to the frailty index, either arranged as in the
frailty phenotype or randomly.
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Figure 3. Increasing odds ratio for disability adjusted for age and sex by adding deficits to the frailty index, either arranged as

in the frailty phenotype or randomly.
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demonstrated that there is an exponential relationship
between the number of deficits and death, independent
of how the deficits are added?°, and this was also our
finding. This may be the same reason why, when adding
other items/dominions to the frailty phenotype or oth-
er instruments, the estimates of risk of death (or other
adverse outcomes) are higher than when considering
the phenotype only?!. The incremental risk of death as
the number of deficits increased was also seen in re-
gards to falls and disability, where the OR increased as
more deficits were added to the index, resulting in high
correlations (> 0.98). Fang, et al. had a similar finding
regarding falls and the frailty index, although in their
work they did not report data on the linear association
between risk of falling and the number of deficits?2.
On the other hand, the frailty index has shown to be
predictive of disability in older adults, although an in-
cremental relationship between the number of deficits
and the risk has not been described previously?3.

Even though the frailty index and the phenotype may
be used for different purposes, our results show that
they may not be so unlike, and the integration of both
(and any other) into one single tool may be a robust and
definitive way of measuring frailty?42>. Another feature
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of the index is its flexibility so that it may be used in
almost any setting, including intensive care units, as
recently reported?¢. Bearing in mind that the perfor-
mance of the index (or any other tool) may improve
by increasing the number of deficits tested could aid in
generalizing and comparing results of multiple studies,
considering the number of items included!.

Although far from being perfect, this index proved use-
ful in this study to solve at least two problems when
measuring frailty. The first one is by reducing the weight
of a single parameter in its contribution to the overall
score of the frailty index. The second is the possibility
of computing the frailty index without a predeter-
mined set of variables, but instead basing it on a
sufficient amount of heterogeneous information. This
feature is of particular interest in the clinical setting
where indices could be easily derived from medical
records, as previously shown by Jones, et al.?’.

To our knowledge, this is the second report on valida-
tion of the frailty index in Latin American older adults
and the first in older adults from Costa Rica. The first
report on validation of the index and its ability to
predict mortality was on Mexican older adults?8. In
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addition, our results provide new evidence on the ap-
plication of the deficit-accumulation hypothesis in a
wide variety of populations and settings.

The number of participants lost to follow-up is one of
the main flaws of our study. However, this number was
similar to the number of subjects available until the end
of the study. The variables we included in the frailty
index are not the “classical” ones; we decided to in-
clude factors related with social vulnerability and early
life experiences to reflect the multidimensional nature
of the index.

Further research should aim to implement different in-
dices and to explore how deficits interact and in which
way they can provide useful clinical information to help
define a problem and intervene in consequence. Mean-
while, the frailty index seems to have advantages over
other tools used for frailty detection.
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Research Letters should be no longer than 800 words or 4000 characters (not
including acknowledgments, table, figure, or references), 5 references, and may
include 1 table and/or figure. Online supplementary material is not allowed for
this category. The text should include all authors” information required for a
full Original Article, including the e-mail address of the corresponding author.
Letters must not duplicate other material published or submitted for publication
and and they should not include an abstract.

Original Articles

Original Articles are scientific reports of the results of original clinical, bio-
medical and translational research. Original Articles are limited to six to eight
printed pages in lenght including abstract, illustrations, tables and references.
Non-essential information (tables, figures and other type of information) can
be submitted as supplementary material, which will be only published on line.

Brief Reviews

These reviews are four to six journal pages in length, including illustrations and
references. They should cover a focused area on the advancing edge of medicine
providing a balanced view of current advances that can be understood by clinicians
and researchers outside of the specialty of the topic. Although these reviews are
usually prepared by invitation from the Editors, authors interested in submitting
an article to Brief Reviews should submit a proposal by e-mail to the Editor-in-
Chief or Deputy Editors, including an outline of the proposed review and a brief
CV that includes their publications.

In-depth Reviews

Each issue of the journal contains one or two timely in-depth reviews written
by leaders in the field covering a range of topics in clinical, biomedical and/or
translational medicine. In-depth Reviews should present authoritative, up-to-
date information on a particular topic, placing it in the context of a field’s
history, development, current knowledge, and perspectives. These reviews are
eight to ten journal pages in length, including references but not illustrations.
Although these reviews are usually prepared by invitation from the Editors,
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authors interested in submitting an article to In-depth Reviews should submit
a proposal by e-mail to the Editor-in-Chief or Deputy Editors, including an
outline of the proposed review and a brief CV that includes their publications.

Perspectives

These brief articles are comments on recent advances in medicine and/or
surgery and how these new findings may impact the view of physicians for
future applications in diagnosis and/or therapeutics They should be up to
1200 words of text—or 1000 words- with 1 small table and/or figure (excluding
title, byline, and references), no more than 7 references and up to 3 authors.

Letters to the Editor

The Editor-in-Chief invites brief letters (250 words or less) of general interest,
commenting on work published in the RIC-C&T! within the previous six months.
A limited number of letters will be selected for publication. The authors of
the original work will be invited to respond, and both the original letter and the
authors’ response will be published together.

Submission of manuscripts

Please write your text in good American English. It is advisable that authors who
feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English,
consult an English language expert before submitting the manuscript, to prevent
delays in the reviewing/printing processes.

Submission to The Revista de Investigacién Clinica —Clinical and Transla-
tional Investigation should be totally online and you will be guided stepwise
through the uploading process of your files. Please note that if you send your
files in PDF format, the source files will be needed for further processing
after acceptance. All correspondence, including notification of the Editor’s
decision and requests for revision, takes place by e-mail removing the need
for a paper trail.

Referees

Please submit the names and institutional e-mail addresses of several potential
referees as well as of undesired reviewers. Note that the editor in charge of
your manuscript retains the sole right to decide whether or not the suggested
reviewers are used.

New submissions

Submission to this journal proceeds totally online. You may choose to submit
your manuscript as a single file to be used in the refereeing process. This can
be a PDF file or a Microsoft Word document, so that can be used by referees
to evaluate your manuscript. It should contain high quality figures for refereeing.
Please note that individual figure files larger than 10 MB must be uploaded
separately.

Formatting requirements

All manuscripts must contain the essential elements needed to convey your
manuscript in the following order: Front page, Abstract and Keywords (in the
same page), Introduction, Materials and Methods, Results, Discussion, References,
Tables and Figure legends. Do not include a section of Conclusions, except in
reviews. Tables should have captions (legends). Divide the article into clearly
defined sections. Use Arial font, size 12 and double spaced text. Manuscripts
containing the Front Page, Abstract and Keywords, body of manuscript
(including references), Tables and Figure legends, must be upload in the system
as a single document, not separately.

Revised submissions

Regardless of the file format of the original submission, at revision you must
provide us with an editable file of the entire article in Microsoft Word. Keep
the layout of the text as simple as possible. Most formatting codes will be
removed and replaced on processing the article. The electronic text should
be prepared in a way very similar to that of conventional manuscripts. To avoid
unnecessary errors you are strongly advised to use the ‘spell-check’ and
‘grammar-check’ functions of your word processor.

Article structure

Title: Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations where possible.

Author names and affiliations: Where the family name may be ambiguous
(eg., a double name), please indicate this clearly. Present the authors’ affiliation
addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower-case superscript letter immediately after the author’s
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name and in front of the appropriate address. Provide the full postal address
of each affiliation, including the country name. DO NOT INCLUDE THE
INSTITUTIONAL POSITIONS OF THE AUTHORS.

Corresponding author: Clearly indicate who will handle correspondence at all
stages of refereeing and publication, and also post-publication. Be sure to include
phone numbers (with country and area code) in addition to the e-mail
address and the complete postal address. Contact details must be kept
up to date by the corresponding author.

Present/permanent address: If an author has moved or change institution
since the work described in the article was done, or was visiting at the time, a
‘Present address’ may be indicated as a footnote to that author’s name. The
address at which the author actually did the work must be retained as the main,
affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract

The abstract should be short and concise, limited to 200 words and should be
presented as a Structured Abstract (Background —not Introduction—; Objective,
Methods, Results and Conclusions). Do not cite references in the Abstract.
Abbreviations can be used but they should be defined only once and at it first
use unless it is a standard unit of measurement.

Introduction

State clearly the objectives of the work and provide an adequate background,
avoiding a detailed literature review or a summary of the results. The full term
for which an abbreviation stands should precede its first use in the text, no
matter if it has been used in the Abstract.

Material and Methods

Describe clearly selection and identify all important characteristics of the ob-
servational or experimental subjects or laboratory animals. Specify carefully
what the descriptors mean, and explain how the data were collected. Identify
the methods, apparatus with the manufacturer’s name and address in paren-
theses (city and country), and procedures in sufficient detail to allow the work
to be reproduced by others. Provide references to established methods and
statistical methods used. Methods already published should be indicated by a
reference and not described in extense, and only relevant modifications should
be described. Identify precisely all drugs and chemicals used. Use only generic
names of drugs. All measurements should be expressed in SI units. Approval by
the local ethical committee of the institution(s) where the work was done
should be mentioned. Never use patients’ names, initials, or hospital numbers,
especially in illustrative material. Papers dealing with experiments on animals
should indicate that the institution’s research council’s guide for the care and
use of laboratory animals was followed.

At the end of the Material and Methods section include —as a Statistical
Analysis subsection- all statistical tests employed with sufficient clarity to
enable a knowledgeable reader with access to the original data to verify the
reported results. Whenever possible, quantify findings and present them with
appropriate indicators of measurement error or uncertainty. Specify any general-
use computer programs used. Formulae and equations should be included as
Supplementary Information only (see below). Keep in mind that your article
may also be reviewed by the Biostatistics Adviser of the RIC-C&T! if requested
by any of the referees or editors.

Results

Results should be clear and concise, and presented in logical sequence in text,
figures and tables. Do not repeat what has been described in the preceeding
sections. Figures should be numbered in Arabic numbers and Tables in Roman
numbers. Write in parenthesis the number of the figure or table (eg. Fig. 1;
Table ). Do not repeat in the text data described in Tables. Emphasize or
summarize only important findings.

Discussion

This should explore the significance of the results of the work, not repeat them.
A combined Results and Discussion section is often appropriate, particularly in
the case of short papers. Avoid extensive citations and discussion of published
literature. Emphasize the new and important aspects of the study and the
conclusions that follow from them (but not include a subsection of Conclusions
—except in Reviews) . Do not repeat in detail data or other material given in the
Introduction or the Results section. Include in the Discussion section the impli-
cations of the findings and their limitations, including implications for future
research, but avoid unqualified statements and conclusions not completely
supported by the data presented in the paper. Relate the observations from
your study to other relevant studies. State new hypotheses when warranted
but clearly label them as such.
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