
25

REVISTA DE INVESTIGACIÓN CLÍNICA

PERMANYER
www.permanyer.com

Contents available at PubMed
www.clinicalandtranslationalinvestigation.com 

Rev Inves Clin. 2016;68:25-32 ORIGINAL ARTICLE

Frailty and Vascular Cognitive 
Impairment: Mechanisms Behind the Link

Sara Gloria Aguilar-Navarro1*, Alberto José Mimenza-Alvarado2, Antonio Anaya-Escamilla2 
and Luis Miguel Gutiérrez-Robledo3

1Department of Geriatrics and 2Neuro-Geriatric Program, Instituto Nacional de Ciencias Médicas y Nutrición Salvador 
Zubirán, Mexico City, Mexico; 3National Institute of Geriatrics, Mexico City, Mexico

Corresponding author:
*Sara Gloria Aguilar-Navarro
Department of Geriatrics
Instituto Nacional de Ciencias Médicas y Nutrición 
Salvador Zubirán
Vasco de Quiroga, 15
Col. Sección XVI, Del. Tlalpan,  
C.P. 14000, Ciudad de México, México
E-mail: sgan30@hotmail.com

Received for publication: 30-11-2015 
Accepted for publication: 30-12-2015

ABSTRACT

The relationship between frailty and cognitive impairment has been recognized for decades, but it was not until a few years ago 
that the interest in this relationship increased and is now being understood. Epidemiological evidence suggests that physical 
frailty may be linked to cognitive impairment since both conditions share pathophysiological mechanisms at the cellular and 
systemic levels. Aging itself promotes multiple vascular changes, making the brain susceptible to cognitive decline through 
mechanisms such as thinning of blood vessels, increased collagen accumulation, rupture of the blood-brain barrier, inflammation, 
and oxidative damage. The prevalence of frailty and cognitive decline increases as individuals become older, and cognitive 
impairment attributable to cerebrovascular disease has become a major public health problem since vascular dementia is now 
the second most common subtype of dementia. However, full understanding of the mechanisms underlying the relationship 
between frailty and vascular cognitive impairment remains fragmented. This review examines the link between frailty and vascular 
cognitive decline and also explores the role of vascular changes in the genesis of both conditions. (REV INVES CLIN. 2016;68:25-32)
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INTRODUCTION

The frailty syndrome is characterized by the loss of 
physiological reserves and resilience, leading older 
adults towards an elevated risk of declines in health 
and function. In the last two decades, the concept has 
gained general interest although its relationship with 
various biomarkers of aging remains debatable1. The 
frailty phenotype has been operationally defined by 

the presence of at least three of the five following 
criteria: unintentional weight loss, weakness, exhaus-
tion, slowness, and low level of physical activity. Iden-
tifying frailty in older adults is relevant as it helps 
clinicians recognize those at increased vulnerability 
for adverse health-related outcomes, including pre-
mature death, hospitalization, and disability2. Several 
studies have shown that frailty is associated with im-
paired cognitive performance and has been proposed 
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as a risk factor for both dementia and mild cognitive 
impairment (MCI)3,4. Pathophysiological mechanisms, 
such as subcellular disturbances (e.g., oxidative stress 
and protein misfolding), systemic disorders, as well as 
impaired maintenance of mitochondrial function (fail-
ures in chaperone proteins, autophagy) are common 
features in frail and cognitively impaired people as well5. 
Disturbances in hematological and inflammatory path-
ways leading to a catabolic status and endothelial dys-
function could also be responsible for the association 
between frailty and multiple cardiovascular diseases 
including vascular dementia6. On the other hand, cere-
brovascular disease (CVD) is a well-known determi-
nant of cognitive decline in older adults. Cerebrovascu-
lar disease is a marker of atherosclerosis; for example, 
an increased thickness of the carotid intima-media has 
been associated with a greater presence of silent cere-
bral infarcts, higher white matter hyperintensity (WMH), 
and further decline of cognition7,8.

Despite being biologically plausible, the relationship 
between frailty and cognitive impairment has been 
inconsistently reported, and the pathophysiological 
bases remain under consideration9,10. Recent evidence 
suggests that CVD, via vascular endothelial dysfunction 
(e.g., impaired signaling molecules), is present among 
both cognitively impaired and frail persons. In this re-
gard, the altered synthesis of nitric oxide (NO) by the 
endothelium has been implicated as a potential factor 
in the genesis of CVD11. Even though the relationship 
between frailty and Alzheimer’s disease (AD) is yet 
to be clarified, the one between frailty and vascular 
dementia has proven more consistent12,21. In fact, a 
cognitive domain has been proposed as another crite-
rion of frailty; as it adds cognition to the conventional 
frailty phenotype, it improves its predictive value for 
adverse health-related outcomes. Furthermore, frail 
individuals have a higher risk of cognitive decline and 
dementia in comparison to their non-frail counterparts 
and vice versa13. The purposes of this review are to 
examine the mechanisms underlying the relationship 
between frailty and cognitive decline and to explore 
the role of vascular changes in these conditions.

FRAILTY AND COGNITIVE IMPAIRMENT 

A number of epidemiological studies have reported that 
frailty increases the risk of cognitive decline and that 
cognitive impairment in turn elevates the risk of being 

frail, suggesting that both conditions interact within 
a cycle of an aging-associated decline13. It is biologi-
cally plausible that both conditions share physiopatho-
logical mechanisms, but previous research remains 
inconclusive around this issue14. 

The concept of a frailty phenotype is relatively well 
understood in the context of aging, and has been 
used in studies conducted over the past two decades. 
However, how the cognition domain should be included 
within this concept is still under debate. The term 
“cognitive frailty” has emerged and is attractive as a 
suggestion of an existing parallel between aging, 
physical frailty, and cognitive function. Although cog-
nitive frailty may seem useful in common practice, its 
actual use remains controversial. Kelaiditi, et al. state 
that cognitive frailty must be considered as being inde-
pendent of dementia or pre-existing brain disorders, 
even if both conditions share several pathophysiological 
mechanisms and risk factors15,16. 

The important role of the central nervous system in 
frailty manifestations has been postulated since the 
central components of frailty, such as problems in gait 
or balance, can be related to neurological disturbances. 
Previous investigation has shown that impaired phys-
ical performance (measured by walking speed or the 
Short Physical Performance Battery [SPPB]) is an in-
dependent risk factor for cognitive decline17. Execution 
of the SPPB test (including walking speed, balance, and 
chair stands) requires the complex interplay of sensory, 
cognitive, and motor functions, which could be im-
paired early in the pathway to cognitive decline18 and 
be expressed as frailty. A secondary analysis of the 
Rush Memory and Aging Project (a cohort study of 
aging and dementia) showed a postmortem associa-
tion between common age-related brain disorders 
(including cerebral infarctions, Lewy body pathology, 
and AD pathology) and the frailty phenotype. Their 
results showed that subjects who were frail before 
death had more postmortem evidence of AD pathol-
ogy compared to non-frail participants, an association 
independent of a previous dementia diagnosis19. 

Considering the cognition domain (in the frailty pheno-
type) has improved the identification of frail persons 
at risk of adverse health-related outcomes. Avila-Funes, 
et al. proved that cognitively impaired frail individuals a 
had higher risk of disability and incidental hospitaliza-
tion compared with their non-frail counterparts, even 
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after adjusting for potentially confounding variables20. 
Nevertheless, it seems that a frail status is more 
strongly associated with the risk of incident vascular 
dementia even after adjustment for many potential 
confounders21. Within the same line of study, Gray, et 
al. in the Adult Changes in Thought (ACT) Study 
explored the association between frailty and incident 
AD and non-AD dementia type. In this population-
based study, frailty was associated with a 2.6-fold 
increased risk for non-AD dementia subtypes, but the 
authors are inconclusive about the underlying mecha-
nisms22. The relationship between frailty and cogni-
tive impairment could be bidirectional, but in light of 
these studies, the frailty phenotype probably repre-
sents a physiological state that occurs before non-AD 
cognitive impairment, suggesting that frailty is a pro-
dromal state of non-degenerative dementia.

On the other hand, cognitive performance probably 
plays a role in the prognosis of frail individuals. A recent 
study conducted in Hong Kong aiming to establish the 
transition between the different frailty states showed 
that at baseline, among pre-frail older adults (Fried’s 
criteria 1 or 2), 23.4% of men and 26.6% of women 
improved to non-frail status after two years of follow-
up, and 11.1% of men and 6.6% of women worsened 
to frailty23. In this study, among pre-frail men, a higher 
Mini-Mental State Examination (MMSE) score was 
inversely associated with frailty, suggesting that a 
lower cognitive performance could be a marker for 
future frailty. Another study suggests a low cognitive 
performance as a risk factor for dementia rather than 
frailty per se, since the risk was seen only in the sub-
ject subgroups that presented both frailty syndrome 
criteria in addition to low cognitive performance, and 
the risk was not present in those showing only frailty 
phenotype20.

VASCULAR COGNITIVE IMPAIRMENT

Vascular pathology of the aging brain and AD includes 
cerebral amyloid angiopathy, which leads to lobar mass 
hemorrhages, small or recurrent bleeds and ischemic 
infarcts, microvascular degeneration, disorder of the 
blood-brain barrier, white matter lesions, microinfarcts, 
lacunes, and cerebral hemorrhages24. Beyond the pos-
sible role of vascular risk factors and vascular-related 
diseases, there are several potential pathways by which 
frailty could contribute to cognitive decline.

Cognitive impairment attributable to CVD has been 
termed “vascular cognitive impairment” (VCI), which is 
related not only with cortical or subcortical infarcts, but 
also with small vessel disease (WMH, lacunar infarcts, 
and microbleeds) inducing ischemic and hemorrhagic 
brain injury25. Recently, hypertension26, diabetes27, and 
dyslipidemia28, among others, have been identified as 
risk factors of CVD as well as cognitive impairment, ex-
plaining a large proportion of cases of small vessel dis-
ease, but not all. Although several monogenic forms in 
early onset of small vessel disease have been described 
among patients with VCI, most are sporadic cases with 
an increased frequency in the familial aggregation, 
but with no clear Mendelian inheritance pattern29,30.

The most widely investigated genetic variants are the 
single nucleotide polymorphisms (SNP), which are bi-
allelic variants in the human genome involving a nucle-
otide exchange. Certain SNPs have been associated 
with lesion development in the cerebral white matter. 
A meta-analysis of Paternoster, et al. identified 46 ge-
netic studies of polymorphisms in 19 genes in a total of 
≈ 19,000 subjects31. The CHARGE (Cohorts for Health 
and Aging Research in Genomic Epidemiology) consor-
tium is an investigator-initiated collaboration to facili-
tate genome-wide association studies (GWAS) meta-
analyses among multiple large and well-phenotyped 
cohort studies, with cerebral magnetic resonance imag-
ing (MRI) and genome data32. Seven community-based 
cohorts included in this study performed a GWAS for 
WMH burden in 9,361 stroke-free European descent 
individuals; results identified six novel risk-associat-
ed SNPs in one locus of chromosome 17q25 all en-
compassing six known genes: WBP2, TRIM65, TRIM47, 
MRPL38, FBF1, and ACOX1. The most significant 
association with cerebral white matter lesion was 
rs3744028. Other polymorphisms of a single nucle-
otide were rs9894383, rs936393, rs3744017, and 
rs1055129. Variant alleles at these loci conferred a 
small increase in WMH burden (4-8% of the overall 
mean WMH). This study provides the first character-
ization of this new locus on chromosome 17 as a pos-
sible factor contributing to pathophysiology associated 
with WMH burden of individuals of European descent33.

Apolipoprotein E (APOE) is a gene that has been linked 
to the vascular and amyloid metabolism. The homo-
zygosity for APOE 4 allele has been associated with 
the presence of small vessel disease, higher volumes 
of WMH, and lacunar infarcts. In addition, the results 
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of the Austrian Stroke Prevention study suggest an as-
sociation between APOE 2 expression and the presence 
of WMH and lacunar infarction, while the Rotterdam 
scan study also reported higher prevalence of cerebral 
microbleeds among APOE 4 allele carriers34-36.

On the other hand, the genes involved in VCI must be 
of two non-reciprocal exclusive classes: (i) those which 
predispose to CVD, and (ii) those which determine the 
tissue response to CVD (e.g., genes conveying toler-
ance or susceptibility to ischemia or the ability to 
recover from ischemia). The two best-studied mono-
genetic forms of CVD are the cerebral autosomal-
dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy (CADASIL), and the hereditary 
cerebral hemorrhage with amyloidosis-Dutch type 
(HCHWA-D). In contrast, little is known about the 
second class of genes, but evidence of their existence 
is seen in patients with a similar vascular pathology 
load (type of injury, number, and location), differing 
in the severity of cognitive impairment37. 

It is also possible that some genetic factors contribute 
to the development of conventional cardiovascular risk 
factors (such as hypertension, diabetes, or hyperho-
mocysteinemia), which may also interact with environ-
mental factors or contribute directly to an intermedi-
ate phenotype38. 

The NOTCH3 gene has been associated with develop-
ment of CVD. The NOTCH3 gene (a heterodimer com-
posed of a large extracellular fragment and a smaller 
transmembrane intracellular fragment) is normally ex-
pressed in vascular smooth-muscle cells and pericytes 
(including those of the cerebral vasculature). NOTCH3 
encodes a cell-surface receptor related to cellular pro-
liferation and to differentiation and survival of vascular 
smooth muscle. Mutations in the NOTCH3 gene have 
been associated with the development of CADASIL. 
About 95% of patients with CADASIL have missense 
mutations that cluster in exons 3-4 and consist in 
changes of cysteine residues, but the pathogenic mech-
anism associated with this mutation is still unknown39.

CONTRIBUTION OF VASCULAR 
DISTURBANCE TO NEURODEGENERATION

Neuroinflammation is a key component in AD and CVD, 
involving the proliferation of microglia and astrocytes, 

transcription factor activation (nuclear factor kappa 
beta [NF-κβ]), and upregulation of inflammatory cy-
tokines (tumor necrosis factor alpha [TNF-α], inter-
leukin [IL]-1β, prostaglandin E2, reactive oxygen and 
nitrogen species)40.

Based on epidemiological studies, Thiel, et al. propose 
two hypothesis linking AD and CVD. The first is the 
hypothesis of “independence”, which assumes that 
multiple cortical or subcortical ischemic events cause 
neuronal loss, leading to a decrease in neuronal con-
nectivity and a sudden decrease in cognitive function, 
from which patients could recover. In case of addi-
tional presence of AD pathology, these vascular isch-
emic processes decrease the cerebral reserve’s capac-
ity to compensate the ongoing neurodegeneration as 
well as to restore cognitive function41. The second is 
the hypothesis of “interaction”, which states that 
patients with cognitive impairment at the time of a 
stroke have a higher risk of developing dementia, sug-
gesting that ischemic stroke triggers additional path-
ways to degenerative processes and accelerates on-
going neurodegeneration42,43.

THE RENIN-ANGIOTENSIN SYSTEM

The renin-angiotensin system (RAS) plays an important 
role in vascular regulation, inflammation, oxidative 
stress, and apoptosis. RAS contributes to the patho-
genesis of several human diseases that have a clear 
association with advanced aging, including hyperten-
sion, myocardial infarction, congestive heart failure, 
atrial fibrillation, coronary artery disease, diabetes, 
nephropathy, stroke, dementia, and even frailty44. 
The RAS disturbances may be involved in the occur-
rence of cerebral vascular lesions. Hypertension in-
duces damage to brain microcirculation, contributing 
to the development of dementia. However, evidence 
of benefit from RAS blockers on cognitive function 
has been controversial. RAS is a major regulator of 
systemic blood pressure and cerebral blood flow; 
therefore, gene polymorphisms in the RAS coding are 
excellent candidates for cerebral small vessel disease. 
The plasmatic angiotensinogen (AGT, GenBank ID183) 
synthesized by the liver is converted to angiotensin II 
(Ang II) by the serial action of renin and angiotensin-
converting enzyme (ACE GenBank ID1636). The as-
sociation between ACE I/D (insertion/deletion) poly-
morphism and WMH has been investigated in nine 
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studies, and the deletion-deletion genotype is a sig-
nificant predictor of WMH. The most frequently stud-
ied SNP in the AGT gene is the M235T; it is possible, 
however, that this polymorphism per se is not the 
causal mechanism but a functional variant. One of 
them might be a haplotype (-6:a, -20:c, -153:g, -218:g, 
positions relative to transcriptional start site) at the 
AGT promoter. The Austrian Stroke Prevention Study 
described the association between this haplotype and 
greater severity of WMH, which was independent of 
hypertension, and the haplotype enhanced the basal 
transcriptional activity of the AGT promoter in astro-
cytes but not in hepatocytes, suggesting that this 
association is mediated by disturbances in activity of 
cerebral and not the systemic RAS45. Another study 
showed that the rate of progression of WMH in el-
derly males is influenced by polymorphisms in genes 
of angiotensinogen (AGTR1 and AGTR2). Homozy-
gous individuals for the 1166A allele in the AGTR1 
gene had less changes in cerebral white matter in 
comparison with carriers of the 1166C allele46.

AGING AND NEUROVASCULAR UNIT

Pericytes, microglia, mast cells, oligodendroglia, and 
neurons respond to an ischemic event or an inflam-
matory stimulus by activation. While the individual 
features of specific cell responses are known, it is not 
understood how they respond as a whole. It is essential 
to understand these interactions because processes 
leading to injury in one compartment of the neurovas-
cular unit (which includes perivascular neurons, astro-
cytes, endothelial cells, and vascular smooth muscle 
cells) probably affect other compartments, potentially 
irreversibly unless the initial event is limited. Further-
more, aging could modify these inflammatory respons-
es in unclear ways. Interactions between components 
of the neurovascular unit and their responses to exter-
nal stimuli are an open field for research47.

Vascular disturbances may precede neuronal changes 
in dementia syndromes. A decline in cerebrovascular 
function includes a decrease in cerebral blood flow in 
different parts of the brain such as limbic and asso-
ciation cortex48. Studies have shown that in compari-
son with subjects without the APOE 4 allele, carriers 
of the APOE 4 allele without neurological disease 
have lower cerebral blood flow in several brain regions, 
rendering them more vulnerable to AD pathology46.

NEUROVASCULAR PATHOLOGY  
AND AGING

Aging leads to normal vascular changes, including thin-
ning of blood vessels, decreased capillary density, in-
creased endothelial pinocytosis, decreased mitochon-
drial content, increased collagen accumulation, and 
rupture of the blood-brain barrier (BBB)49. Reduction 
in the BBB of GLUT1-mediated glucose transport across 
the plasmatic membranes decreases glucose uptake 
by the BBB, which predisposes to cerebral atrophy and 
impairment of cognitive function50,51.

Furthermore, angioneurins are growth factors with 
neurotrophic properties. Vascular endothelial growth 
factor regulates vessel formation, neuronal survival, 
and axonal growth. Ephrin, semaphorin, and netrins 
are factors that regulate the function of axons as well 
as the development of the vascular system52.

An important aspect in the pathophysiology of VCI is the 
role of inflammation: the incidence of VCI is influenced 
by gene polymorphisms of inflammatory mediators 
(IL-1, IL-6, TNF-α, toll-like receptor 4, E and P selectin, 
and C-reactive protein), lipid metabolism (APOE), NO, 
and extracellular matrix (matrix metalloproteinase)53. 
During a stroke, the microglia increases brain inflamma-
tion, releasing a wide variety of inflammatory mediators 
and free radicals until ultimately reaching its quiescent 
state. All of these mechanisms contribute to neuronal 
damage and eventually lead to cellular death. The devel-
opment of VCI may then result from various pathological 
processes, including vascular damage, predisposition to 
cognitive impairment, as well as the number and type of 
vascular injuries (small or large vessel)48. Figure 1 shows 
neurovascular changes and their effect on VCI.

POSSIBLE PATHOPHYSIOLOGICAL 
MECHANISMS BETWEEN FRAILTY  
AND VASCULAR COGNITIVE IMPAIRMENT

The mechanisms linking cognitive impairment and frailty 
could be associated to endothelial dysfunction within a 
pro-inflammatory environment with increased oxidative 
stress54. Atherosclerosis could be a common biological 
pathway that explains how frailty and CVD are inter-
related, as could also be the interaction between mul-
tiple factors such as aging, inflammation, and activation 
of the blood coagulation and fibrinolytic systems55.
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Vascular change in normal aging:
– Decrease in CBF (limbic and association cortex)

Vascular cognitive impairment

Vascular pathology:
– Thin blood vessel
– Decrease in capilar density
– Increased endothelial pinocytosis
– Decreased mitochondrial content
– Increase the collagen accumulation
– Decrease the tight junctions
– Rupture of the blood brain barrier

Vascular funcional change:
– Decrease in the GLUT1 receptors
– Decrease in glucose uptake

Vascular and neuronal growth factors:
– Decrease of angioneurinas
– Decrease MEOX

Figure 1. Neurovascular changes and their effect on vascular cognitive impairment.
Vascular cognitive impairment is a consequence of vascular aging. This determines changes in vascular function (such as decrease 
in GLUT 1 receptors, resulting in decrease in glucose uptake). Also, others factors reduce vascular and neuronal growth; further-
more, through the vascular aging, changes in the blood vessels (thinning, decrease in capillary density, increased accumulation 
of collagen, among others). All these changes are related to each other and converge in the pathophysiological process of the 
vascular cognitive impairment.
CBF: cerebral blood flow.

It is difficult, however, for only one mechanism to 
explain incident VCI or even frailty. Frailty is related 
with multiple chronic diseases and a functional de-
cline, which requires a greater amount of energy; this 
condition could then explain why mitochondrial me-
tabolism produces higher quantities of free radicals56. 
At the same time, this increased production of free 
radicals could also activate the NF-kB pathway, which 
in turn leads to inflammation57. Immune disturbances 
have a systemic impact. The accumulation of mitochon-
drial and nuclear DNA damage can compromise the in-
tegrity of the cell, leading to loss of myocytes and 
muscle wasting, both cornerstone features of frailty58. 
Chronic inflammation as a process of aging (inflamm-
aging) has been associated with poor physical perfor-
mance and weakness. A recent review also suggested 
that since the central nervous system and the immune 
system are in constant interaction, inflammation in 
one area of the body might promote inflammation in 
the brain. An inflammatory response in cerebrovascu-
lar areas may trigger another response in the blood-
brain barrier and release inflammatory cytokines into 
the brain59. For example, IL-6 interrupts adult neuro-
genesis and, considering IL-6 receptors are expressed 

in the hippocampus and pre-frontal cortex, this constant 
inflammatory state could have serious consequences 
for cognitive function, particularly in memory and 
executive functions60,61.

CONCLUSIONS

Frailty and cognitive impairment are closely related. 
Aging promotes cellular and molecular accumulative 
damage, which can be evidenced through laboratory 
measurements and histopathology. Hypertension, dia-
betes, and hypercholesterolemia are well-known risk 
factors for cognitive impairment such as AD and VCI 
in later-life. The increased permeability of the blood-
brain barrier in people with WMH plays a causal role 
in the development of lacunar infarcts. VCI and frailty 
are closely inter-related. Understanding the relationship 
between cognition and frailty is useful because frail 
individuals have a higher risk of cognitive impairment 
and vice versa. In addition, understanding the link be-
tween frailty and VCI may lead to interventions aimed 
at preventing and treating both conditions. Clinical trials 
on any type of dementia should consider including frail 
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Age

Frailty

– Weight loss
– Muscular weakness
–  resistance
–  physical activity
–  gait speed
– Depressive symptoms

In�ammation:
– IL-1, TNF-α
– Genes

– Psychological
– Enviromental
– Social

Vascular cognitive
impairment

Small vessel disease

Large artery disease

Genetic aspects

Vascular aging

 Trophic factors

 Notch

Blood-brain barrier 
dysfunction

Figure 2. Possible interaction between frailty and vascular cognitive impairment.
IL: interleukin; TNF: tumor necrosis factor.

elderly subjects since frailty appears to lead to an 
expression of disease that may be the neuropatho-
logical key to expressing the deleterious effects in 
classic dementia (Fig. 2). 
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