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ABSTRACT

Being commonly diagnosed in elderly women and associated with comorbidities as well as
ageing-related cardio-vascular changes, heart failure with preserved ejection fraction (HFpEF)
has been recently considered as a distinct cardiogeriatric syndrome. Frailty is another frequent
geriatric syndrome. HFpEF and frailty share common underlying mechanisms, often co-exist,
and represent each other’s risk factors. A threshold of 65 years old is usually used to screen
patients for both frailty and HFpEF in research and clinical settings. However, both HFpEF and
frailty are very heterogenous conditions that may develop at younger ages. In this review we aim
to provide a broader overview on the coexistence of HFpEF and frailty throughout the lifetime.
We hypothesize that HFpEF and frailty patients’ profiles (young, elderly, superaged) represent
a continuum of the common ageing process modified by cumulative exposure to risk factors
resulting to a presentation of HFpEF and frailty at different ages. We believe, that suggested
approach might stimulate assessment of frailty in HFpEF assessment and vice versa regardless
of age and early implementation of targeted interventions. Future studies of pathophysiology,
clinical features, and outcomes of frailty in HFpEF by age are needed.

Keywords: Frailty; Diagnosis; Heart failure; Middle aged; Frail elderly; Young adult

INTRODUCTION

Both heart failure with preserved ejection fraction (HFpEF) and frailty are heterogeneous con-
ditions that often coexist. Epidemiological studies have shown that frailty is highly prevalent
in patients with heart failure (HF), particularly in the elderly individuals, affecting up to 90% of
HFpEF patients.'? HF patients are 6-times more likely to have frailty, and frail patients exhibit
a30% increase in risk of new-onset HE.» Frailty in HF is associated with a range of adverse out-
comes such as more frequent hospitalizations, longer hospital stays, higher healthcare costs,
and higher mortality rates.” Frailty also impacts the quality of life of individuals with HF, leading
to functional decline, decreased independence, and reduced overall well-being.?
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Although the incidence of frailty dramatically increases with age, it
is important to understand that chronological age by default does
not presuppose increased vulnerability, and vice versa younger age
does not exclude frailty in the presence on chronic debilitating
condition like HF. Several cluster-based analyses have revealed
distinct features of young compared to elderly HFpEF patients.”
Similarly, over the last years, there has been an emerging interest to
the translation of the frailty concept to a younger population who
similarly to elderly patients might have a decrease in physiological
reserve and higher vulnerability to stress due to long-term health
problems.® Compared to prior decades, current studies show an
increase in the prevalence and severity of frailty at different ages
starting from early adulthood.” Differences in characteristics of
frailty by age were also noted.® The significant influence of risk
factors and their prolonged exposure since childhood or early
adulthood may contribute to a greater burden of frailty occurring
earlier in life. This parallels the well-documented association
between comorbidities and poorer psychosocial health, which
is linked to a heightened trajectory of frailty as individuals tran-
sition into older age, particularly among middle-aged adults. In
HFpEF, in addition to the clinical expression of frailty at any age
in severe HF, the accumulation of deficits is also relevant, given

Central illustration

the increasing prevalence of cardiovascular (CV) risk factors in
young adults.>”

Thus, considering age-related heterogeneity of both HFpEF and
frailty, we hypothesize that there might be distinct HFpEF and
frailty patients’ profiles (young, elderly, superaged) which represent
a continuum of the common ageing process modified by cumulative
exposure to risk factors of different intensity (Figure 1). A cut-off
of 65 years was used to delineate young from the older pheno-
type, considering its highest discrimination value to stratify the
sample into younger and older adults with frailty® and markedly
raising incidence of HFpEF and frailty in senior adults 65 years
and older. Though, this cut-off is applicable to HFpEF and frailty
cohort only and is purely conditional as might shifts depending
on demographic, social and healthcare system-related factors.'”

We believe that such a profiling might: 1) help better understand-
ing the concept of frailty in a diverse cohort of HFpEF patients,
2) stimulate assessment and future studies of frailty in HFpEF
independently of age, especially, when long-term conditions are
present and lead to earlier targeted interventions that might
improve patients’ outcomes.
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Figure 1. Progression of HFpEF and frailty across different age groups.
HFpEF = heart failure with preserved ejection fraction.
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PATHOPHYSIOLOGY OF FRAILTY IN
HFpEF

Despite data showing a strong association between HF and frailty,
the pathophysiologic mechanisms linking both conditions are not
completely understood. It is even debated whether frailty is an
independent syndrome, or just a result of chronic medical con-
ditions or multimorbidity and polypharmacy related to ageing.'

Common pathophysiological mechanisms include chronic low-
grade inflammation, immune and hormonal dysregulation,
oxidative stress, and impaired cellular repair contributing to a
vicious cycle of functional decline and increased vulnerability in
affected individuals.?® The etiology of systemic inflammation
causing frailty may be related or independent to HE.» Both aging
and inadequate nutritional intake are associated with increased
levels of pro-inflammatory factors like interleukin (IL)-6, C-re-
active protein (CRP), tumor necrosis factor (TNF)-a.!” In a pilot
study including elderly patients with stable HF elevated level of
IL-6 was associated with a higher burden of comorbidities includ-
ing atrial fibrillation (AF), type 2 diabetes mellitus (T2DM),
hyperlipidemia, anemia, and renal failure.” Increased white blood
count (WBC) with impaired differentiation of T cells is not uncom-
mon with frailty.> A post-hoc analysis of the PARAGON-HF trial
showed association of elevated neutrophil/lymphocyte ratio with
worsening frailty in HFpEF."® In addition, frail HFpEF patients
demonstrated increased levels of biomarkers reflecting collagen
turnover and higher concentrations of troponin T, pointing to
one of the mechanisms how frailty leads to progressive worsen-
ing of HF over time.'® Urinary cyclic guanosine monophosphate
(cGMP)/creatinine ratio that reflects responsiveness to natriuretic
peptides was lower with increasing frailty.!® Stimulated by pro-in-
flammatory cytokines macrophages differentiate into so-called
inflammaging or macrophage aging promoting chronic sterile
inflammation.' Similarly, imperfect DNA repair, oxidative stress
and increased muscle protein turnover observed both in aging and
HF lead eventually to cellular necrosis that initiates inflammatory
response. In mice studies low level of STAT3 protein promoting
cell response to signals coming from interleukins and growth fac-
tors was associated with increased pro-inflammatory cytokines
and fibrosis in aging heart.® On the contrary, aged mice with low
levels of NOD-like receptor protein 3 (NLRP3) inflammasome that
triggers maturation and secretion of IL-1 and IL-18 demonstrate
better exercise tolerance compared to the wild-type controls.?
Interestingly NLRP3 inflammasome plays an important role in
cardiac remodeling, fibroblast differentiation and pyroptosis, an
inflammatory form of programmed cell death contributing to
myocardial damage. Suppression of tumorigenicity 2 interleu-
kin protein, a surrogate marker of inflammation and potential
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mediator of myocardial hypertrophy and fibrosis exhibits prog-
nostic value both in frailty and HE.2”

Systemic inflammation in HFpEF may be partly attributed to eico-
sanoids, small bioactive substances derived from fatty acids. In a
recent study certain eicosanoids and eicosanoid-related metabo-
lites were associated with HFpEF-related exercise intolerance.?)

The up-regulation of pro-inflammatory substances promotes pro-
gression of atherosclerosis and insulin resistance, impairs hormones,
such as cortisol, testosterone, insulin-like growth factor-1/growth
hormone and growth-differentiating factor-15 resulting in imbal-
ance between anabolic and catabolic state.’>*?22) This may result
in sarcopenia defined as a decrease in lean body mass and cachexia
defined as a generalized muscle wasting. Sarcopenia is often influ-
enced by age-related changes in hormones, decreased physical activity
and nutritional deficits. The latter is also often impaired in HF sec-
ondary to dietary limitations, early satiety and abdominal pain related
to congestion and intestinal oedema, dementia, depression and social
ill-being.?? HF patients demonstrate multiple skeletal muscle abnor-
malities including reduced mitochondrial function and capillary
density, reduced oxidative type I muscle fibers, adipose intramus-
cular infiltration.® Limited nitric oxide bioavailability aggravates
impairment in oxygen transport and peripheral oxygen extraction
contributing to reduced exercise tolerance.? Skeletal myopathy in HF
is not necessarily related to deconditioning and can be present regard-
less of physical activity level. It may be further worsened with frequent
re-admissions by hospital environment and prolonged immobil-
ity.>* Impaired skeletal muscle function contributes to osteopenia
and osteoporosis potentially resulting in pathological fractures.

Although characterized by decreased physiological reserve and
increased vulnerability to stressors, frailty is not just limited to
physical impairment. Cognitive, social, and psychological issues
also play an important role. The concept of multidimensional
approach has been recently proposed by Heart Failure Associa-
tion Frailty Score incorporating 4 domains of interest: the clinical
domain (co-morbidities, weight loss and falls), the psycho-cog-
nitive domain (cognitive impairment, dementia, depression), the
functional domain (impaired activities of daily living, low/non
mobility and balance) and the social domain (living alone, insti-
tutionalization, no social support).**?* Most of the HF patients
have problems in each domain, and a huge overlap between those
may be expected.” According to FRAGILE-HF and OPERA-HF tri-
als cognitive and psycho-social limitations were associated with
re-admissions and HF-related mortality.?? Identifying those HF
patients who are not meeting criteria for frailty but are at risk of
frailty (“pre-frail”), may be beneficial in terms of early therapeutic
interventions and prognostic improvement.?
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Frailty can vary depending on both chronological and biological
age. For some individuals, chronological age may closely correlate
with biological age, resulting in frailty appearing more consistent
with advancing years. However, other individuals may exhibit signs
and symptoms of frailty at a younger chronological age due to
certain factors like chronic illness, sedentary lifestyle, bad hab-
its, poor nutrition, or genetic predispositions, which accelerate
biological aging. Conversely individuals with favorable lifestyle
habits, appropriate management of chronic conditions, better
social engagement and mentally stimulating activities may expe-
rience delayed onset and reduced severity of frailty even at older
chronological ages. Understanding discrepancy between chrono-
logical and biological age is crucial for identifying patients at
higher risk for frailty and implementing well-timed interventions.

YOUNG HFpEF AND FRAILTY PROFILE

Despite the absence of a consensus on what defines frailty and
how to measure it in young adults,?” particularly with HFpEF, a
small study showed that children with established cardiovascular
disease (CVD) such as Fontan palliation, pulmonary hyperten-
sion, and HF performed significantly worse in all five domains of
frailty such as slowness, weakness, exhaustion, body composition
and physical activity compared to healthy controls.?® Composite
frailty score developed for children and adolescents with CVDs
correlated significantly with signs of HF severity.” This data sig-
nifies the feasibility of translation of frailty phenotypes into the
pediatric population with HF. Indeed, among young patients with
established CVDs a particular attention has been raised to accel-
erated ageing and frailty in congenital heart diseases, pulmonary
hypertension and HF.>*3)

HFpEF accounts for around 14-17% of HF cases among patients
younger than 60 years old.> In a large registry-based study of
Asian HFpEF population 37% of patients were younger than
65 years, including 13% patients younger than 55 years.® Data
regarding HFpEF and frailty coexistence in younger than 65 years
old population are lacking, as in line with recommendations for
routine frailty screening® many studies have investigated frailty
among HFpEF patients older than 65 years.>” Sub-analyses of
two randomized studies used Fried frailty phenotype and frailty
index definitions showed that 20-23% of pre-frail and 15-20%
of frail HFpEF patients were younger than 65 years.>**) In real-
world setting this proportion is expected to be larger given that
patients with significant health conditions are usually excluded
from clinical trials. Indeed, analyses of large population-based
cohorts from the US, UK and Sweden, Canada, and China under-
score the problem of growing prevalence of frailty among young
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and middle-age participants.”®4*? In a study of the US National
Health and Nutrition Examination Survey (NHANES) database
(n=49,004) the proportion of young individuals with at least very
mild frailty (frailty index score >0,1 to <0,2) was 15-20% in 20-35
years and step wisely increased in prevalence and severity with
increasing age.” Similar data were reported in the Chinese popu-
lation of 3079 years o0ld*” and the Canadian population of 18-79
years old.?® When the frailty phenotype definition was used, the
proportion of pre-frail and frail adults aged 18-64 years old was
even higher.*> While pre-frailty and frailty conferred a higher risk
of mortality regardless of age,*? they were more prognostically
important in individuals <50 years compared to those 50 years old
or above. Life expectancy was shorter by 2 and 6 years in adults
having pre-frailty and frailty status at age 45 years.*® The signifi-
cant impact of frailty on longevity might be partly related to strong
associations between frailty and incident CVDs, which also seem
to be stronger for younger adults compared to older adults.*)

CVDs disease and risk factors aside, in young adults, frailty is pri-
marily related to unhealthy habits and social deprivation. A recent
integrative review showed, that of physical factors human immu-
nodeficiency virus (HIV) infection, pain, diabetes, both higher
and lower body mass index, and higher rheumatoid arthritis (RA)
disease activity and longer duration were associated with frailty in
young.® Depressive symptoms, illicit drug use, and smoking were
the most common psychological factors, and unemployment and
lower education were the most common social factors associated
with frailty.? Similar factors, including socioeconomic, might be
associated with HFpEF in younger adults.**)

Traditional CV risk factors

Traditional HF risk factors such as obesity, hypertension, diabetes,
and smoking history conferred a greater population attributable risk
in young compared to older adults and accounted for 75% of total
attributable risk for HE.* Data on associations between obesity and
younger age in HFpEF is consistent across multiple clustering-based
studies.®*4) Subgroups of HFpEF patients 55 years or younger
had higher body mass index and despite having fewer comorbid-
ities, had worse quality of life compared with older patients (age
>85 years).*) Obesity promotes inflammation, insulin resistance,
cardiac and skeletal muscle dysfunction, arterial stiffness, and is
frequently accompanied by multimorbidity and complications, such
as joint problems, sleep apnea, sedentary lifestyle, and low cardio-
respiratory fitness. These disorders predispose obese patients to
develop both HFpEF and frailty.” Reflecting significant morbidity
associated with obesity, a specific phenotype of ‘sarcopenic obesity’
was postulated that can replace weight loss in frailty assessment.™”
Importantly, recent consensus signifies, that sarcopenic obesity
is not uniquely a geriatric syndrome and may occur in individuals
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at any age with HF representing one of the suspicious factors for
the screening of sarcopenic obesity.”” Indeed, a systematic review
showed a variable incidence of sarcopenic obesity in children and
adolescents, that was significantly associated with cardiometabolic
outcomes, non-alcoholic fatty liver disease severity, inflammation,
and mental health.>?

Chronic inflammatory conditions

A prospective analysis of a very large UK Biobank dataset showed
that self-reported exhaustion and weight loss were more preva-
lent frailty features in younger compared to older participants.>
In another research there were higher scores in immunological,
mental well-being, and pain-related domains in younger partic-
ipants.? Chronic inflammatory conditions such as RA or other
autoimmune and inflammatory rheumatic disorders or HIV might
predispose to the development of both HFpEF and frailty.>*>
Autoimmune disorders are increasingly prevalent, with the high-
est risk among the most deprived patients.” A higher risk of HF
had been shown across multiple studies of RA patients, includ-
ing a recent Mendelian randomization study.””) Multiple CV
derangements might predispose autoimmune and inflammatory
rheumatic conditions to HF, such as myocarditis, pericarditis,
coronary vasculitis, thrombosis, microvascular dysfunction, val-
vular dysfunction as well as arrhythmias.” Of HF phenotypes,
inflammation in patients with RA was associated with HFpEF
but not HFrEF.*¢” Autoimmune disorders might also alter CV
performance by inducing excessive water retention, driving the
development and progression of HF.®¢? HFpEF development in
patients with RA is related to disease activity and the risk is high-
est within the first year after RA diagnosis, which is independent
of incident CV or other comorbidities and medications that may
have side effects and promote frailty.® Accumulation of multiple
other issues, including osteoporosis, and mental health problems,
diminishes physiologic reserve and poses patients with autoim-
mune disorders to a higher risk of HFpEF-frailty developmentin a
younger age. Indeed, in a systematic review of 16 studies of 8,556
RA patients with a mean age of 63 years, the pooled prevalence of
pre-frailty and frailty was 40% and 33.5%.%¥ Similarly, to HFpEF
in RA, frailty was also mainly influenced by the disease activity,
as well as female sex, but not chronological age.*

People living with HIV (PLWH) have a higher risk of developing
HF in and in the modern era of anti-retrovirus therapy HFpEF is
a predominant HF phenotype.®® Cardiac imaging studies sug-
gest that there is a complex pattern of heart involvement in PLWH,
including systolic and diastolic dysfunction, reduced myocardial
strain, and increased left ventricular (LV) mass and remodel-
ing.®% Cardiac biomarkers increase, diffuse myocardial fibrosis
and remodeling and LV mass were independently predictive of
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CV events in PLWH.®) Of note, besides traditional CV risk factors
that might play a role, several other mechanisms were assumed
to be implicated in the pathophysiology of HFpEF in PLWH, such
as inflammation, persistent monocyte/macrophage activation,
chronic immune dysfunction, altered energy metabolism, acti-
vation of renin-angiotensin-aldosterone system.® All these factors
are involved in the pathophysiology of frailty as well. Frailty was
found to be highly prevalent (5-19%) in middle-aged adults living
with HIV.®® Compared to uninfected persons, HIV patients with
frailty have an over 7-fold increased risk of death, independent of
comorbidity and HIV disease stage.®®

Overall, accumulated data suggest that in young adults, HFpEF
and frailty share pathophysiology and associated factors. Young
HFpEF-frailty profile should be considered as a dynamic state
starting from an incident risk factor which leads to cardiac involve-
ment and deficit accumulation and further translates into a clear
phenotypic expression of accumulated morbidity. Early interven-
tion aiming to improve populational health and reduce the burden
of HFpEF-frailty risk factors since childhood, as well as earlier
geriatric patients’ assessment, might confer a greater impact on
populational health compared to later intervention.®”® Efforts
should be made to promote lifestyle changes, especially among
the most deprived groups, and implementation of antihyperten-
sive medications and emerging novel therapies against diabetes
and obesity with proved CV efficacy and safety (such as sodi-
um-glucose cotransporter-2 inhibitor [iISGLT2] and glucagon-like
peptide-1 receptor agonists [GLP1RA]) into routine CV care.

ELDERLY HFpEF AND FRAILTY PROFILE

Prevalence and incidence of both frailty and HFpEF are increasing
with age. According to UK Biobank data, midlife frailty occurs in
about 3-4% of individuals and accounts for 4-5% among those
aged 65 and older.” The proportion of frailty in the older popula-
tion in European countries is even higher, about 17%.” Screening
for frailty is recommended in individuals over 65 years.>® The prev-
alence of HFpEF in those 65 years and older is about 8-9%. An
increasing prevalence of both conditions with age could be par-
tially explained by cumulative exposure of CV risk factors, as well
as manifestation of a variety of CV and non-CVDs. The positive
association between the burden of comorbidities and an incidence
of frailty and HFpEF has been previously shown.”” Among comor-
bidities pathophysiologically linked to both frailty and HFpEF are
CKD, coronary artery disease (CAD), T2DM and chronic obstruc-
tive pulmonary disease (COPD). Of note, these pathologies are
characterized by the presence of low-grade systemic inflammation,
oxidative stress, dysregulation of the neuro-hormonal system and
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metabolic dysfunction settling the basis for maladaptive cardiac
remodeling and impaired function, and/or resulting in individu-
al’s multisystem dysregulations, depletion of physical, cognitive
reserve, and poor tolerance to stress, substantially leading to the
development of frailty and HFpEF.”>™

T2DM

The estimated global prevalence of T2DM is 9.3% and continues
to rise annually.” At midlife it accounts for 16% reaching 20% in
those aged 65 and older.”™ Metabolic disorders in diabetes include
insulin resistance, lipid toxicity, glycation end product deposition,
and microvascular disfunction contribute to development of both
frailty and HFpEF.™ Prevalence of frailty in diabetic patients is about
13% wand associated with a greater risk of death, hospital admis-
sions, as well as micro- and macrovascular complications.”” There
are a few studies that demonstrated association between T2DM
and with frailty.”»” Therefore, T2DM considered as a risk factors
for frailty, but sarcopenia, weight loss in response to longstanding
hyperglycemia in diabetic patens can contribute to frailty as well.®”
Clinical significance of frailty in T2DM patients was acknowledged
by international diabetes guidelines. However, the approaches to
frailty assessment and management in diabetic patients are yet to
be developed. Nutritional status support and exercise have demon-
strated a potential in frailty prevention in T2DM.®!)

The pivotal role of diabetes in HFpEF is increasingly recognized
and reported elsewhere.®? The prevalence of T2DM is expected
to lie between 33% and 43%.% The prognosis of having diabetes
in HFpEF is unfavorable.®® Cardiometabolic HFpEF is the most
frequent HFpEF phenotype, which is commonly developed by the
end of midlife.” Of note, a cardiac remodeling and dysfunction in
diabetic patients can precede to HFpEF,**®* and can be classified
as pre-HF indicating that those patients who are at risk of devel-
oping symptomatic HF. Recent guidelines on diabetes mellitus
recommend iSGLT2 as a first line therapy in high-risk patients.®
In 2023 focused update of HF guidelines update treatment with
iSGLT2 and finerenone are recommended for prevention of HF
hospitalization and CV death in diabetic patients with chronic
kidney disease (CKD).®

Therefore, along with routine screening for HFpEF and frailty in
T2DM patient is required at mid-age and older adults, as well as
early intervention including pharmacological therapy and exer-
cise-based rehabilitation program to prevent both frailty and
HFpEF at mid-and late life.

CKD

CKD is a highly prevalent condition that affects about 13.5% of
individuals globally® and increases with age affecting about 16%
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at 50s, while the proportion of those in 60s and 70s is 27.6% and
34.3%, respectively.” Impaired kidney function results in volume
overload, worsening hypertension, metabolic disorders, increased
arterial stiffness and myocardial fibrosis, microvasculature dis-
function, neurohormonal activation and inflammation all of which
contribute to both HFpEF and frailty. CKD is independent risk
factor of HF as well as adverse outcomes including HF hospital-
ization, all-cause and CV mortality in HFpEF individuals.”>*? The
incidence rate of newly diagnosed HF in CKD subjects is 1.9 (95%
confidence interval [CI], 1.7-2.1) events per 100 person-year.*
Half of HFpEF have a concomitant CKD.*”

Metabolic disorders and hemodynamic disturbances, as well as
CKD accompanied conditions including sarcopenia, anemia,
and vitamin D deficiency result in an overall poor state of CKD
patients. The prevalence of frailty in CKD patients ranges from
7% in community settings reaching to 73% in those on hemodi-
alysis.” CKD patients have increased risks of frailty regardless of
the CKD stage and independently of age, gender, race, co-mor-
bidities, sarcopenia, anemia, acidosis, inflammation, vitamin D
deficiency, hypertension, and CVD.* Of note, both frailty and
CKD are independently associated with mortality.” The identifi-
cation and assessment of frailty should become a routine aspect
of CKD care, as well as screening for HFpEF. Although, patho-
physiological mechanisms underlying HFpEF and frailty in CKD
need to be better understood in order to identify therapeutic tar-
gets for intervention. Early rehabilitation programs or/and iSGLT2
administration can be disclosed earlier in CKD patients, however
further studies are needed.”®

CAD

Mean age of individuals at diagnosis of CAD is 60 years old.”
About one fourth of CAD patients of all ages are frail. Pooled anal-
ysis of 22 studies reported 17% prevalence of frailty in those with
stable CAD.* Frail CAD patients have a higher mortality rate com-
pared to non-frail CAD individuals and are less likely to receive
revascularization, either PCI or bypass surgery.” Presence of
frailty in independent predictor of in-hospital, 30-day mortality
and mid-term mortality in individuals who undergone bypass sur-
gery.' Frail patients admitted with acute myocardial infarction
had a higher in-hospital mortality rate.’” On the other hand, those
with CAD are at risk of developing and progression of frailty.'*?
The pathobiology mechanisms of frailty in CAD patients remain
largely unclear. The role of oxidative stress and inflammation
and impaired cellular metabolism is discussed elsewhere.'® The
relationship between CAD and frailty appears to be bidirectional.
Frailty screening in CAD patients can help to identify high risk
patients and guide revascularization strategies. Frailty prevention
should be timely addressed in patients impaired coronary arteries.
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CAD is an independent risk factor for HFpEF and highly prevalent
in those with an established diagnosis of HFpEF."*41% Potential
mechanisms leading to HFpEF in CAD attributed to low-grade
inflammation, as well as and microvascular dysfunction of cor-
onary vessels. Systemic low-grade inflammation plays a crucial
role in CAD progression and outcome which was confirmed in
resent clinical trials COLCOT and LoDoCo paving the way for
anti-inflammatory therapy in CAD. Microvascular dysfunction of
coronary micro vessels presents in majority of CAD patients and
is acknowledged as one of the main contributors of HFpEF.!® Up
to 70-91% of HFpEF patients have impaired coronary macro- or

105 According to the international HF guidance,

micro-vessels.
examination for CAD is a part of HFpEF diagnostic work up, while

there is no routing screening for HFpEF in CAD patients.*®

The preventive strategies in CAD need to be developed with
non-pharmacological and pharmacological interventions targeting
systemic inflammation and microvascular disfunction to prevent
both frailty and HFPEF, however, further studies are needed.

CcoPD

COPD is a strong and independent predictor of frailty. Hanlon et
al.’® ysing the data of 3,132 participants with COPD aged 40-70
years from UK Biobank showed that 17% of individuals were frail.
The presence of frailty in COPD patients was associated with a
greater risk of all-cause mortality, all-cause hospitalizations, and
hospitalization with COPD exacerbation.'®® A meta-analysis of 27
observational studies reported the risk of frailty increased in COPD
patients a 2-fold. The prevalence of pre-frail in COPD individuals
accounts for 56%.”) Additionally, COPD is associated with a range
of extrapulmonary conditions which also may contribute to frailty
including osteoporosis, malnutrition and muscle weakness. %5419

The associations between COPD and HFpEF have been extensively
reported previously. In COPD, the risk of having HFpEF is 2-fold
higher. The prevalence of COPD in patients with HFpEF trials is
about 10-19%."*13 COPD has a major impact on outcomes and
quality of life in HFpEF patients."*19 Pathophysiological links
between these 2 conditions are mainly attributed to systemic low-
grade inflammation, endothelial dysfunction, oxidative stress and
hypoxia, which is prominent in COPD patients. Altogether, the
forementioned mechanisms contribute to airways remodeling,
as well as cardiac impairment eventually leading to organ fail-
ure.'” The prognosis of having COPD in HFpEF is unfavorable
and associated with increased mortality rates and risks of HF
hospitalization.!®)

Recently published results of prospective cluster-randomized diag-
nostic study RED-CVD confirmed the importance of screening
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COPD or T2DM patients for HFpEF in routine clinical practice.
In this study, active screening, which included 24 points clinical
questionnaire, electrocardiogram and N-terminal prohormone of
brain natriuretic peptide, allowed for detection of3.2% of HFpEF
cases in the intervention arm compared to 0.7% in the usual care

118 pulmonary rehabilitation in COPD patients can lead to

arm.
improvement of frailty status."® These findings emphasize COPD
as an important factor in HFpEF and frailty progression. A devel-
opment of preventive and treatment strategies is urgently required

in the COPD population.

SUPERAGED HFpEF AND FRAILTY
PROFILE

Age constitutes a significant risk factor for both HF and frailty. In
the PURSUIT-HFpEF study, which aimed to examine the predic-
tive value of the Clinical Frailty Scale (CFS) in real-world, median
age of patients with HFpEF was 82 (n=842; interquartile range,
77-87).12% The prevalence of HF escalates with age, with around
1% of individuals aged over 50 years affected by HF. Moreover,
this prevalence doubles with each successive decade of life. Con-
sequently, HF emerges as a primary cause of mortality among the
elderly population.!?124)

Typically, as individuals age, there is a thickening and stiffening
tendency of the LV walls, especially the interventricular septum.
Furthermore, there is an augmentation in the left atrium dilation,

125

along with an overall escalation in cardiac fibrosis.'* In aged
heart, cardiac reserve decline is the most observed functional
change besides subclinical diastolic and systolic dysfunction.'?®)
This decline is also a significant pathophysiological feature of
HFpEF. Asymptomatic CV remodeling in aged persons might
manifest as HFpEF under some triggers, such as infection, ane-
mia, volume challenge, medications and others. Similar factors
might lead to frailty manifestation. Prevalence of frailty defined
as frailty index >0.21 among HFpEF patients older than 75 years
reaches 75-80%.3 Patients 75 years and older represent 30-40%
of overall HFpEF cohort®334) and compared to younger HFpEF
subgroups is characterized by the highest proportion of AF, CKD,
valvular disease. Additionally, ageing is an independent risk fac-
tor for arterial stiffness and hypertension and hypertension is the
most prevalent CV condition among superaged individuals, per-
haps due to survival bias

Arterial hypertension

Hypertension and HF frequently coexist with aging and are closely
linked with frailty, which worsens prognosis and increases hos-
pitalizations, dependency, and mortality. Despite the common
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occurrence of these conditions, data on the prevalence and impact
of frailty in older hypertensive patients with HF are limited.'?”

Aprahamian’s cross-sectional study on 619 older outpatients
revealed a higher prevalence of hypertension among pre-frail
(72.5%) and frail (83%) individuals compared to controls (51.7%),
as assessed by the FRAIL scale.® Similarly, Kang et al.’s analy-
sis of data™® from the 5th Korean National Health and Nutrition
Examination Survey, involving 4,352 older adults aged 65 years and
above, found hypertension to be more prevalent in frail individ-
uals (67.8%) compared to pre-frail (60.8%) or robust individuals
(49.2%). Frail individuals were also more likely to receive treat-
ment for hypertension, but fewer achieved blood pressure control
(<150/90 mm Hg) (p=0.005).

Vetrano et al.’s meta-analysis®” presented conflicting data on the
relationship between frailty incidence and baseline hypertension,
suggesting that specific subgroups of older hypertensive patients
may exhibit increased fragility, warranting cautious monitoring
during antihypertensive treatment."*”

In terms of intensive blood pressure lowering, an exploratory
subgroup analysis of the SPRINT trial showed higher event rates
with increasing frailty, but significantly lower rates in the intensive
treatment group.” Similarly, safety concerns were addressed in
the Predictive Values of Blood Pressure and Arterial Stiffness in
Institutionalized Very Aged Population (PARTAGE) study, which
observed a higher risk of mortality in frail octogenarians with
lower systolic blood pressure who were on multiple antihyper-
tensive agents.?

AF

AF is the most common cardiac arrhythmia encountered in the
geriatric population and is associated with significant morbid-
ity and mortality.*# It’s prevalence increases with age, ranging
from 4.2% of those aged 6070 years to 17% of those aged >80
years.?® Considering that patients with AF have higher risk of
incident acute HF hospitalizations, ischemic and hemorrhagic
stroke and dementia, it is undeniable that their quality of life can
be affected accordingly.®**” This aspect is particularly important
in the elderly, in whom it seems to be inversely correlated to frailty

141) A recent study confirmed that AF was

and functional decline.
strongly associated with age, CV history, congestive HF, as well as
with multiple geriatric syndromes such as vascular dementia, mal-
nutrition, functional decline in activities of daily living, mobility
impairment and chronic ulcerous disease. Furthermore, there was
a tight relationship between AF and Rockwoods' frailty pheno-
types. This association was maintained throughout multivariable

modelling including age (odds ratio [OR], 1.06; 95% CI, 1.03-1.14;
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p=0.042), sex (OR, 2.30; 95% CI, 1.11-4.84; p=0.026), congestive
HF (OR, 3.70; 95% CI, 1.77-7.91; p<0.001) and a CFS more than 4
(OR, 2.68; 95% CI, 1.18-6.43; p=0.021).1? It was also found that
the influence of AF on frailty status, especially among the elderly
population, may be associated with the higher prevalence of falls,
compared with those without AF.*?

Generally, the epidemiology and treatment of AF in elderly has
notyet been deeply investigated, since this part of the population
is usually under-represented in the majority of randomized clini-
cal trial.™ This statement may apply to a specific group of elderly
patients with HFpEF and AF.

Regarding frailty in AF and HFpEEF, according to recent study of
Meng et al.," patient characteristics and outcomes of death from
any cause or readmission showed that among older patients with
HFpEF and frailty, 14.6% had AF or atrial flutter.'%

Modern advances in pharmacology have led to a gradual aging of
the population as a whole and, consequently, an increase in the
number of patients with AF. Because many AF and HFpEF patients
have concurrent frailty and vice versa, the management of AF and
frailty has become a central concern for this aging society and
careful considerations should be applied in older patients living
with frailty.'

Aortic stenosis (AS)
AS, the most common valvular heart disease in developed countries,
is more prevalent in older people, with the prevalence increasing

149 AS has demographic, clinical features and impaired

with age.
response to exercise similar to those present in HFpEF patients, and
is considered as a distinct phenotype of HFpEE.1*/148) A study found
that 38.4% of older people (mean age 84.6+4.4 years) with severe AS
were also frail.*) Another study showed that among patients aged
>70 years who had asymptomatic severe AS, the prevalence of frailty
was 59.6%, and frailty was independently associated with mortality.
The overall 1-year survival rate for this population was only 76%.5%
As for symptomatic severe AS, a prospective study revealed that the
prevalence of frailty among patients aged >75 years was 49.3% and
that frailty in these patients was also associated with increased mor-
tality.™
is highly complicated in patients with AS, regardless of whether they
are symptomatic or asymptomatic.')

) Thus, these findings call our attention to the fact that frailty

Decisions regarding intervention for frail populations can also be
difficult. Older adults undergoing surgical aortic valve replace-
ment experience increased operative complications with a 30-day
mortality rate of 10%,"Y therefore, transcatheter aortic valve
implantation is a viable option for patients with symptomatic AS.
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LIMITATIONS

The prevalence of frailty similar to HFpEF increases with age and is
mostly investigated in elderly patients and most diagnostic models
for measuring frailty were validated in older adults. Conventional
approaches for frailty assessment designed for older populations
may prove inadequate in younger adults and thus future studies of
diagnostic approaches for frailty assessment across all age groups
are needed. Albeit, frailty is age-independent syndrome, there is
a lack of evidence demonstrating clinical or prognostic benefits
of frailty assessment in the younger population. Risk profile in
younger adults may be different compared to geriatric population.
Frailty domains demonstrate variations depending on co-mor-
bidities and socioeconomic status potentially requiring specific
approaches to assessment in different clinical settings. Addition-
ally, the presence of frailty in individuals with HF, particularly in
those with HFpEF could become a discriminatory in the care of
these patients.

Therefore, we hypothesized the presence of different profiles,
highlighting that future studies of pathophysiology, clinical fea-
tures, and outcomes of frailty in HFpEF by age are needed.

CONCLUSION

Traditionally considered as mainly conditions of elderly popula-
tion, both HFpEF and frailty are becoming more prevalent among
younger adults. This poses unique medical and social challenges
due to associated poor quality of life and increased mortality. Seden-
tary lifestyles, unhealthy dietary habits, low socioeconomic status,
and psychological stress along with chronic inflammatory condi-
tions are significant contributors to the early onset of HFpEF and
frailty. Multiple comorbidities developed in older age are charac-
teristic of the older HFpEF-frailty profile. Superaged HFpEF-frailty
profile is associated with aging-associated CV conditions, such as
arterial hypertension, AF, AS. Preventive strategies are paramount in
mitigating the progression of HF and frailty. Through targeted med-
ical interventions with novel agents like iSGLT2, glucose-dependent
insulinotropic polypeptide, GLP1IRA, and non-steroidal miner-
alocorticoid receptor antagonists, exercise training, nutritional
support, social awareness, and psychologic counseling attempts
can be made to alleviate the impact of frailty, provide better quality
of life and potentially improve prognosis in HFpEF patients.
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