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KEYWORDS Abstract Heart failure with preserved ejection fraction (HFpEF) is characterized by diverse
Heart failure; underlying pathophysiological mechanisms and can be divided into two subgroups based on the
HFpEF; identification of the specific cause: primary and secondary HFpEF. Primary HFpEF is caused by
Pathophysiology; primary impairments in myocardial relaxation or compliance with the contribution of several
Primary HFpEF; risk factors. Therefore, we have reviewed current literature on pathophysiology and treatment
Treatment in patients with primary HFpEF. Patients with primary HFpEF represent specific ‘‘phenotypes’’

and are usually elderly, more commonly women, and often with a history of arterial hyper-
tension, obesity, iron deficiency (ID), coronary artery disease (CAD), sleep apnea, diabetes,
chronic kidney disease (CKD), and chronotropic incompetence. Some of the main pathophysio-
logical mechanisms for each phenotype of primary HFpEF are as follows: arterial hypertension,
which promotes left ventricular hypertrophy and fibrosis; obesity, which contributes through
systemic inflammation and metabolic dysregulation; aging, which leads to ventricular-vascular
stiffening; gender differences, with women experiencing changes due to smaller heart size
and hormonal shifts; ID, which affects mitochondrial function; CAD, which impairs myocardial
blood flow; diabetes, which is associated with hyperglycemia, lipotoxicity, insulin resistance,
and microvascular rarefaction; CKD, which leads to hypertension, metabolic disturbance, sys-
temic inflammation, and endothelial dysfunction; sleep apnea, which induces cardiac changes
through pressure swings and hypoxia; and chronotropic incompetence, which is due to reduced
cardiac B-receptor responsiveness. In conclusion, each factor intricately contributes to the
complex pathophysiology of HFpEF. Understanding these interrelated mechanisms is critical for
tailoring management strategies to improve outcomes in HFpEF patients.
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Introduction

Insuficiéncia cardiaca com fracdo de ejecdo preservada primaria - interrelacao
fisiopatolégica e terapéutica de alguns dos fenétipos mais relevantes

Resumo A insuficiéncia cardiaca com fracao de ejecao preservada (ICpFE) é consequéncia
de diversos mecanismos fisiopatologicos e pode ser dividida em dois grupos tendo por base
a identificacdo da causa especifica: primaria ou secundaria. A ICpFE primaria é causada pela
perturbacdo primaria do relaxamento ou da distensibilidade miocardica com a contribuicao
de varios fatores de risco. Neste artigo, é feita uma revisao da fisiopatologia e do trata-
mento de algumas das formas de apresentacdo mais relevantes de ICpFE primaria. Os doentes
com ICpFE primaria representam «fenotipos» especificos e sao habitualmente idosos, do sexo
feminino e mais frequentemente tém uma histdria de hipertensao arterial, obesidade, defi-
ciéncia de ferro, doenca coronaria, apneia do sono, diabetes mellitus, doenca renal cronica
e de incompeténcia cronotropica. Alguns dos principais mecanismos fisiopatologicos de cada
fendtipo da ICpFE primaria sdo os seguintes: hipertensdo arterial, que promove hipertrofia
ventricular esquerda e fibrose; obesidade que ocasiona inflamacéo sistémica e desregulacdo
metabolica; envelhecimento que contribui para a rigidez ventriculo-vascular; diferencas entre
sexos com o sexo feminino expressando-se com coracao de menores dimensées e oscilacoes
hormonais; deficiéncia de ferro contribuindo para a disfuncdao mitrocondial; doenca coronaria
ocasionando reducao do fluxo sanguineo miocardico; diabetes mellitus, que esta associada com
hiperglicémia, lipotoxicidade, resisténcia a insulina e rarefacdo microvascular; doenca renal
cronica, que ocasiona hipertensdo arterial, perturbacdao metabdlica, inflamacédo sistémica e
disfuncao endotelial;apneia do sono, que induz variagdes tensionais e hipoxia; e incompeténcia
cronotropica que se deve a reducéo da resposta dos recetores beta adrenérgicos. Em concluséo,
cada fator interage com outros fatores contribuindo para o complexo fisiopatologico da ICpFE.
A compreensdo destes mecanismos interrelacionados é critica para estabelecer estratégias
terapéuticas adequadas para melhorar o prognostico da ICpFE.

© 2025 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espana, S.L.U. Este € um
artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

factors.” The diagnosis of primary HFpEF, as a clinical entity,
should be reserved for those cases in which there is primary

Heart failure (HF) is defined as a clinical syndrome con-
sisting of symptoms that may be accompanied by signs. It
arises from structural or functional heart anomalies and
leads to elevated intracardiac filling pressures and/or inade-
quate cardiac output at rest and/or during exercise. In daily
practice, HF is often categorized by left ventricular (LV)
ejection fraction (EF). The proposed classifications of EF are
an important feature of the universal definition; classifica-
tion is defined as follows: (1) HF with reduced EF (HFrEF):
HF with an LVEF of <40%; (2) HF with mildly reduced EF
(HFmrEF): HF with an LVEF of 41-49%; (3) HF with pre-
served EF (HFpEF): HF with an LVEF of >50%; and (4) HF with
improved EF: HF with a baseline LVEF of <40%, a >10-point
increase from baseline LVEF, and a second measurement of
LVEF of >40%."2 HF with supra-normal EF is still a matter of
debate. Approximately 50% of patients with HF are reported
to have HFpEF, which is characterized by diverse underly-
ing pathophysiological mechanisms.® Patients with HFpEF
can be divided into two subgroups based on the identifi-
cation of a specific cause. Secondary HFpEF is caused by
conditions such as valvular heart disease, hypertrophic car-
diomyopathy, restrictive/infiltrative cardiomyopathies, and
constrictive pericarditis. Primary HFpEF, on the contrary, is
characterized by primary impairments in myocardial relax-
ation or compliance, with the contribution of several risk

diastolic dysfunction leading to HF, caused by the interac-
tion of multiple risk factors such as hypertension, aging,
systemic inflammatory status, or metabolic disorders, but
without any specific underlying cardiac cause and in which
there are currently no specific medical or surgical therapies.

Patients with primary HFpEF represent specific
“‘phenotypes’’ and are usually elderly, more commonly
women, and often with a history of arterial hypertension,
obesity, iron deficiency (ID), coronary artery disease (CAD),
sleep apnea, diabetes, CKD, or chronotropic incompetence
(Figure 1).° In addition, *‘preserved EF’’ does not always
mean normal LV systolic performance when assessed by
preload recruitable stroke work, mitral annular systolic
excursion and velocity, midwall fractional shortening, and
longitudinal and circumferential strain.®® For example,
global longitudinal strain offers a sensitive assessment of
LV function, and decreased global longitudinal strain in
HFpEF is independently predictive of future clinical events
and deterioration in LVEF.>'® Numerous research findings
indicate that minor deficits in systolic function at rest are
significantly exacerbated during physical activity in patients
with HFpEF; this results in reduced exercise tolerance,
impaired early diastolic recoil/LV suction, decreased car-
diac output, and increased LV filling pressures.”'%'? In this
article, we have reviewed the intertwined pathophysiology
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Figure 1 Central illustration. Phenotypes of primary heart
failure with preserved ejection fraction. Patients with primary
HFpEF represent specific *‘phenotypes’’ and are usually elderly,
more commonly women, and often with a history of arterial
hypertension, obesity, iron deficiency, coronary artery disease,
diabetes mellitus, chronic kidney disease, sleep apnea, and
chronotropic incompetence.

of some of the most relevant phenotypes in primary HFpEF
(Table 1).

Pathophysiology of heart failure with
preserved ejection fraction

Arterial hypertension

Arterial hypertension is the leading cause of HFpEF develop-
ment, with prevalence ranging from 60 to 90%.>"* In patients
with hypertension, pressure overload leads to left ventric-
ular hypertrophy (LVH), myocardial fibrosis, and impaired
diastolic filling, which could trigger HFpEF."* Also, previous
studies have demonstrated that patients with hypertension
have impaired global longitudinal strain and an accom-
panying exaggerated circumferential strain.'®' Laplace’s
Law is one of the primary mechanisms of the progres-
sion from hypertension to HFpEF. According to Laplace’s
Law, wall stress in a sphere increases in direct propor-
tion to the internal pressure and radius, and decreases in
inverse proportion to wall thickness, resulting in concen-
tric geometry.'®'” Arterial hypertension leads to increased
LV pressure, which induces wall thickening to reduce wall
stress, and the concentric geometry leads to a reduc-
tion in chamber size and shifts end-diastolic property of
the pressure-volume relationship leftward, leading to LV
stiffening. Consequently, LVH leads to further myocardial
dysfunction, including myocardial ischemia caused by a lack
of myocardial blood supply, particularly in the midmyocar-
dial layer.'”"® In addition, hypertension has also been found
to be correlated with a chronic proinflammatory state.'

These result in fibrotic remodeling and ventricular stiffen-
ing, promoting elevated LV filling pressures and consequent
LV diastolic dysfunction.

In addition to the relationship between arterial hyper-
tension and HFpEF, hypertensive response to exercise may
also be associated with HFpEF. Although there is no uni-
versal definition of hypertensive response to exercise, a
systolic blood pressure elevation during exercise testing
>210 mmHg for men and >190 mmHg for women, or dias-
tolic blood pressure elevation >110 mmHg in both genders,
are used in some previous studies."” Irrespective of the
presence of resting hypertension, E/e’ values were signi-
ficantly higher in patients with hypertensive response to
exercise as a surrogate parameter for elevated LV fill-
ing pressure and impaired LV diastolic function, and these
patients had impaired LV longitudinal diastolic function and
exercise intolerance.?’ Another systematic review showed
that patients with hypertensive response to exercise have a
36% higher risk of developing adverse cardiovascular events
including CAD, which could be another factor related to
HFpEF development.?'

Obesity

Obesity is a major risk factor for HFpEF.?? Increasing
body mass index (BMI) above the normal range (>25
kg/m?) was found to be associated with being at an
increased risk of HFpEF; a dose-dependent relationship
was observed.” Obese HFpEF was found to be associ-
ated with decreased quality of life, worse symptoms of
HF, greater systemic inflammation, worse exercise capacity,
and higher metabolic cost of exertion in comparison with
nonobese HFpEF.?* In obese patients with HFpEF, dysregula-
tion of energy storage (adipose tissue) plays an important
role. Increased adiposity promotes inflammation, hyperten-
sion, insulin resistance, and dyslipidemia and also impairs
diastolic, systolic, arterial, skeletal muscle, and physi-
cal function.'®?> There is a significant inverse relationship
between adiposity or BMI and brain natriuretic peptide.?
On the other hand, increased metabolic demand seems to
lead to high-output HF in obese patients with HFpEF, but
most obese HFpEF patients do not have a high cardiac
index.?” The pathophysiology of obese patients with HFpEF
includes greater plasma volume expansion, exaggerated car-
diac remodeling, increased pulmonary vascular resistance,
increased mean pulmonary arterial pressure, as well as evi-
dence of right ventricular dysfunction with increased right
atrial to pulmonary capillary wedge pressure ratio, LV septal
flattening, and increased pericardial restraint.>??

The elderly

The prevalence of heart failure with preserved ejec-
tion fraction is expected to rise owing to the aging
population.?®?° Like hypertension, aging is linked to ele-
vated ventricular-vascular stiffening, which leads to higher
prevalence of LV diastolic dysfunction with aging.>® Aging
of the myocardium itself is a specific pathophysiological
process. Normal cardiac aging is characterized by struc-
tural and functional changes. Increased cardiomyocyte
size, increased apoptosis with decreased myocyte number,
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Table 1

Main pathophysiological mechanisms by different phenotypes of primary HFpEF.

Phenotype

Proposed pathophysiological mechanisms

Arterial hypertension

o Causing left ventricular hypertrophy and fibrosis, and leading to diastolic filling

impairments/elevated LV filling pressure.
o Related to chronic proinflammatory state.
o Hypertensive response to exercise causing impaired LV longitudinal diastolic function and

exercise intolerance.

o Leading to systemic inflammation, increased adiposity, and metabolic disturbances; all

contributing to HFpEF through ventricular remodeling and impaired cardiac function.

o Greater plasma volume expansion, exaggerated cardiac remodeling, increased pulmonary
vascular resistance, increased mean pulmonary arterial pressure, and evidence of right
ventricular dysfunction with increased right atrial to pulmonary capillary wedge pressure

o Aging of the myocardium itself (increased cardiomyocyte size, increased apoptosis with
decreased myocyte number, increased fibrosis, increased collagen deposition, and

o Comorbidities like hypertension, ischemic heart disease, and atrial fibrillation are

Obesity
ratio and LV septal flattening, and increased pericardial restraint.
Elderly o Increasing ventricular-vascular stiffening, leading to diastolic dysfunction.
functional changes at the cellular level).
o Decreasing high-energy phosphate metabolism.
prevalent.
Female sex o Smaller heart size and increased arterial stiffness.

o Certain comorbidities predominantly in woman, including iron deficiency, autoimmune
diseases, preeclampsia, and breast cancer, are risk factors of HFpEF.

Iron deficiency

e Impairment of citric acid cycle enzymes and reactive oxygen species-scavenging enzymes.

o Affecting morphological and functional changes in mitochondria in the heart and kidneys

(cardiorenal iron syndrome)
Coronary artery disease
pressures.

e Myocardial ischemia causing LV diastolic and systolic dysfunction, and increased LV filling

o CMD leads to impaired lusitropy and subendocardial ischemia.

Diabetes

o Hyperglycemia, lipotoxicity, insulin resistance, advanced glycation end-products

deposition and microvascular rarefaction lead to endothelial dysfunction, reduced nitric
oxide bioavailability, interstitial collagen deposition, and LV remodeling.

Chronic kidney disease

e Linked to hypertension and subsequently leading to metabolic disturbances, systemic

inflammation, and endothelial dysfunction.

Sleep apnea

o Intrathoracic pressure swings, intermittent hypoxia, sleep reduction and fragmentation,

sympathetic nervous system activation, and endothelial dysfunction.

Chronotropic incompetence

o Inability to adequately increase heart rate with exercise due to deficits in B-adrenergic

stimulation secondary to increased plasma catecholamines with exercise or impaired

B-receptor function.

CMD: coronary microvascular dysfunction; HFpEF: heart failure with preserved ejection fraction; LV: left ventricular.

increased fibrosis, increased collagen deposition, as well
as functional changes at the cellular level may all con-
tribute to abnormal diastolic function with normal aging.*'
Another mechanism is the decline in high-energy phos-
phate metabolism and peak cardiac power with age. Aging
itself is associated with widespread comorbidities includ-
ing arterial hypertension, macro/microvascular ischemic
heart, atrial fibrillation, restrictive/infiltrative/dilated car-
diomyopathies, metabolic syndrome, diabetes, CKD, thyroid
disease, chronic lung disease, anemia, and chronic inflam-
matory disease; therefore, HFpEF can be caused by aging
and its related diseases.**

Female gender

Epidemiological and registry studies show that women
have an incidence of HFpEF similar to that in men.?*3%

Interactions between estrogen, gene expression, inflam-
mation, anthropometry, and comorbidities drive the higher
relative prevalence of HFpEF in women.®” The follow-
ing phenotypic characteristics of the myocardium and
cardiovascular (CV) system predispose women to HFpEF
more than men: smaller ventricular chambers and vascu-
lature; increased ventricular wall thickness and concentric
myocardial remodeling; decreased diastolic compliance
and diastolic reserve; increased myocardial blood flow
and oxygen consumption with prominent myocardial lipid
metabolism; greater arterial stiffness and pulse pres-
sure leading to greater pulsatile afterload; and impaired
pulmonary vascular reactivity with pulmonary vascular
dysfunction and remodeling.>*” The highest prevalence of
anatomically small hearts, which have an abnormally low
LV end-systolic volume, is reported in older women and
is associated with an increased LVEF; women with smaller
hearts may live under constant hyperdynamic conditions,
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compensating for the disadvantage of smaller ventricular
volumes.? Aging of the heart increases the susceptibility of
elderly women to HFpEF because LV concentric remodeling
and diastolic dysfunction are characteristic features of
HFpEF, and these conditions are more pronounced in women
than in men with HFpEF. Furthermore, during physical
exertion, women exhibit a more significant increase in
LV diastolic elastance compared to men, coupled with
diminished chronotropic and contractile reserve, leading to
exercise intolerance, a key clinical symptom of HFpEF.3®

Certain comorbidities and clinical conditions, partic-
ularly prevalent or exclusive in women, increase the
likelihood of developing HFpEF. These include metabolic risk
factors such as obesity, hypertension, diabetes, and dys-
lipidemia. Additional contributing factors include ID and
autoimmune diseases, which lead to increased inflammation
and a higher risk of pulmonary hypertension. Furthermore,
preeclampsia and breast cancer, along with its treatments,
also elevate the risk. Many of these factors become more
pronounced due to a deficiency in sex hormones following
the menopause.*’

Iron deficiency

Iron deficiency is observed in 50-75% of patients with
HFpPEF.>*“0 ID is thought to be due to an increase in the reg-
ulatory protein hepcidin, which prevents iron release from
enterocytes and the reticuloendothelial system and can be
elevated in the setting of systemic inflammation.>’ Iron plays
an important role beyond oxygen transport and storage,
as it is also essential for the normal activity of key citric
acid cycle enzymes and reactive oxygen species-scavenging
enzymes.*"* Furthermore, iron is crucial in mitochondria
for the final step in producing adenosine triphosphate from
glucose, fatty acids, or ketones; therefore, ID leads to
several morphological and functional changes in mitochon-
dria in the heart and kidneys, in which mitochondria are
abundant with high-energy metabolism.** The interaction
of ID, HF, and CKD, is called cardiorenal iron syndrome.*
In patients with HFpEF and ID, diastolic function E/e’ has
been negatively correlated with iron and transferrin satura-
tion, whereas peak VO, was positively correlated with these
iron parameters.® Furthermore, a meta-analysis showed
that patients with HFpEF and ID had lower maximal oxygen
consumption, more dyspnea, reduced six-minute walking
distance, and reduced health-related quality of life.*’

Coronary artery disease

Both obstructive epicardial CAD and coronary microvas-
cular dysfunction (CMD) are frequent in patients with
HFpEF, although co-existence of HFpEF and obstructive
coronary artery disease is less common than in the HFrEF
population.>“ Myocardial ischemia due to CAD can cause
LV diastolic and systolic dysfunction, and patients with
obstructive CAD have higher estimated LV filling pressures
on echocardiography.*® CAD is also associated with more
advanced impairment of right ventricular function, right
ventricular filling, and diastolic or systolic dysfunction in
HFpEF.*” On the other hand, CMD may result from altered
endothelial cell function leading to decreased nitric oxide

(NO) production or from the inability of vascular smooth
muscle cells to vasodilate in response to NO.“® A strong asso-
ciation between CMD and HFpEF has been observed, and
the PROMIS-HFpEF study reported a 75% prevalence of CMD
in patients with HFpEF, with impaired coronary flow veloc-
ity reserve associated with systemic endothelial dysfunction
and elevated natriuretic peptide levels.* Two potential
mechanisms, linking CMD and HFpEF, have been identified:
impaired lusitropy and subendocardial ischemia. Limited
endothelium-dependent NO bioavailability has been shown
to promote fibroblast and myofibroblast proliferation and
impair energy-dependent cardiomyocyte relaxation through
hypophosphorylation of the cytoskeletal protein titin, resul-
ting in impaired lusitropy and LV diastolic reserve.”® In
addition, reduced adenosine triphosphate production due
to inadequate myocardial perfusion is likely to lead to
incomplete diastolic relaxation due to diastolic cross-bridge
cycling, and repeated cardiomyocyte injury over time may
lead to subendocardial ischemia and myocardial fibrosis.“

Sleep apnea

Pathophysiological abnormalities related to sleep apnea
include intrathoracic pressure swings, intermittent hypoxia,
sleep reduction and fragmentation, sympathetic nervous
system activation, and endothelial dysfunction.>'->* Exag-
gerated intrathoracic pressure swings can contribute to
cardiac remodeling.” Obstructive sleep apneas (OSA)
increase LV transmural pressure through the generation
of negative intrathoracic pressure and elevations in sys-
temic blood pressure secondary to hypoxia, arousals from
sleep, and increased sympathetic nervous system activity.
Apnea also suppresses the sympathetic inhibitory effects
of lung stretch receptors, further enhancing sympathetic
nervous system activity. The combination of increased LV
afterload and increased heart rate secondary to increased
sympathetic nervous system activity increases myocardial
oxygen.>%

Intermittent hypoxia induced by OSA results in
widespread stimulations of the sympathetic nervous
system, the renin-angiotensin-aldosterone system and,
importantly, a systemic inflammatory state associated with
oxidative stress.’®>” Regarding biomarkers, circulating
interleukin-10 levels were found to be positively associated
with major adverse cardiovascular events in men with
HFpEF and OSA.%®

Diabetes

Diabetes is one of the common comorbidities in patients
with HFpEF.> Diabetic cardiomyopathy is the clinical entity
in which patients who had been diagnosed with diabetes
for a long period exhibited clinical symptoms, such as
cardiomegaly and pulmonary congestion, and pathological
examinations revealed myocardial hypertrophy, fibrosis, and
thickening of the microvascular walls due to the buildup
of acid mucopolysaccharides.”® However, recent clinical
reports have noted a shift in the presentation of diabetic
cardiomyopathy, showing a phenotype that diverges from
the dilated form to the restrictive form.>*® Currently, a
typical patient with diabetic cardiomyopathy is described
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as an older woman with obesity and type 2 diabetes, cha-
racterized by a small LV cavity, normal LVEF, thickened LV
walls, increased LV filling pressures, and an enlarged left
atrium. This profile is indicative of a restrictive rather than
a dilated cardiomyopathy and is characterized as HFpEF.
Pathophysiological mechanisms include hyperglycemia, lipo-
toxicity, insulin resistance, advanced glycation end-products
deposition, and microvascular rarefaction.®'-¢* In diabetic
cardiomyopathy, the endothelial dysfunction is attributed
to hyperglycemia, lipotoxicity, and the accumulation of
advanced glycation end-products. Additionally, microvas-
cular rarefaction contributes to reduced nitric oxide
bioavailability, while hyperinsulinemia promotes cardiomy-
ocyte hypertrophy. Hyperglycemia and lipotoxicity also
elevate protein kinase C activity in fibroblasts, enhanc-
ing interstitial collagen deposition. Coronary microvascular
endothelial dysfunction induces LV remodeling and dysfunc-
tion by decreasing myocardial nitric oxide bioavailability and
protein kinase G activity.”

Chronic kidney disease

The prevalence of CKD in HFpEF has been reported to be
26-49%.°4% CKD is pathophysiologically linked to hyper-
tension and subsequently leads to metabolic disturbances,
systemic inflammation, and endothelial dysfunction. These
factors are considered crucial in the development of HFpEF,
mediated by interactions between the endothelium and
cardiomyocytes, resulting in myocardial stiffening, hyper-
trophy, and interstitial fibrosis.®® First, elevated fibroblast
growth factor 23 in patients with CKD causes endothelial dys-
function due to increased superoxide and decreased nitric
oxide bioavailability.®” Second, vitamin D deficiency in CKD is
associated with systemic inflammation, endothelial dysfunc-
tion, and LV remodeling.®® Third, high levels of phosphorus
and parathyroid hormone are associated with ventricular
hypertrophy and fibrosis.®®%° In addition, erythropoietin
deficiency is associated with endothelial dysfunction, nitric
oxide availability, and inflammation.® Finally, proteinuria
and uremic toxins affect inflammation and endothelial
dysfunction by inhibiting nitric oxide.”®’" Therefore, CKD
induces inflammation and endothelial dysfunction, all of
which could lead to HFpEF.

Chronotropic incompetence

Chronotropic incompetence, broadly defined as the inabil-
ity of the heart to increase its rate commensurate with
increased activity or demand, is common in patients
with HFpEF, and more than 50% of the patients have
chronotropic incompetence.”>74 The exaggerated decrease
in chronotropic reserve in HFpEF may be due to deficits in
B-adrenergic stimulation secondary to increased plasma cat-
echolamines with exercise.”> Another study demonstrated
that patients with HFpEF had reduced cardiac B-receptor
responsiveness, suggesting that impaired B-receptor func-
tion may contribute to chronotropic incompetence.’®
Therefore, exercise intolerance is the cardinal symptomatic
manifestation of HFpEF. Administration of beta-blockers
blunts the chronotropic response to exercise; however, their
effect on outcomes in HFpEF is not well established.>”778

Conversely, beta-blocker withdrawal increased the func-
tional capacity and oxygen uptake significantly, and this
cessation may be particularly beneficial in patients with
smaller end-systolic LV volume.”®® Furthermore, selective
heart rate reduction of HFpEF using ivabradine, an If-
inhibitor, does not show any benefit on exercise tolerance
or echocardiographic parameters in HFpEF.2"-%2 In patients
with HFpEF and chronotropic incompetence, the implanta-
tion of a pacemaker to enhance exercise heart rate did not
improve exercise capacity, symptoms, or exercise cardiac
output.”

From pathophysiology to treatment of heart
failure with preserved ejection fraction

Treatment of HFpEF requires a comprehensive approach that
identifies potentially treatable comorbidities as discussed
above, such as pathophysiology. The European Society of
Cardiology (ESC) 2021 Guidelines with clinical update 2023
and ACC/AHA/HFSA guideline 2022 recommend identifica-
tion and treatment for etiology and comorbidities. 38384
Therefore, identifying the causes of HFpEF pathophysiology
and treating them is very important. A comparison of major
differences in the ESC and American HF Guidelines regard-
ing HFpEF treatment is shown in Table 2. Both guidelines list
diuretics for fluid retention as a Class | recommendation. The
current evidence for treating HFpEF in general and accord-
ing to pathophysiology is reviewed in the aforementioned
table.

Sodium-glucose cotransporter-2 inhibitor

Based on the results of the EMPEROR-Preserved and DELIVER
trials, both dapagliflozin and empagliflozin have shown ben-
eficial effects on CV mortality and HF hospitalization.?> A
meta-analysis revealed that dapagliflozin and empagliflozin
reduced composite cardiovascular death or first hospital-
ization for HF (hazard ratio 0.80 [95% confidence interval
(CI) 0.73-0.87]) with consistent reductions in both com-
ponents: cardiovascular death (0.88 [0.77-1.00]) and first
hospitalization for HF (0.74 [0.67-0.83]) among 12251
participants from DELIVER and EMPEROR-Preserved trials.
These drugs are recommended for patients with HFpEF
as Class | in the 2023 Focus Update of 2021 ESC HF
guidelines and Class lla in the ACC/AHA/HFSA guideline
2022.

Angiotensin-receptor blocker/angiotensin-receptor
neprilysin inhibitor

None of the HFpEF trials with the angiotensin-converting
enzyme inhibitor (perindopril) or the angiotensin-receptor
blockers (ARBs (candesartan and irbesartan) achieved their
primary endpoints.®’-% Regarding the angiotensin-receptor
neprilysin inhibitor (ARNI), sacubitril/valsartan did not signi-
ficantly reduce the primary endpoint of CV death and total
HF hospitalizations in the PARAGON trial in patients with
LVEF >45%.%° In addition, one subanalysis of the PARAGON-
HF trial suggested that women with HFpEF are more
likely to benefit from ARNI treatment than men. Another
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Table 2 Comparison of major differences in the European Society of Cardiology and American Heart Failure Guidelines for

HFpEF treatment.
ESC guideline 2021 with clinical ACC/AHA/HFSA guideline 2022
update 2023

Diuretic for fluid retention Class | (C) Class | (C)

Dapagliflozin/empagliflozin Class | (A) Class lla (B)

ARBs/ARNI - Class IIb (B)

MRAs - Class lIb (B)

Treatment for etiology, CV and Class | (C) Identification and treatment of

non-CV comorbidities

Hypertension

Obesity
training

Elderly -

Female gender -

Iron deficiency -

Coronary artery disease

Sleep apnea -
Chronotropic incompetence -

Hypertension management Class | (C)
Caloric restriction and exercise

Beta-blockers Class lla (B) post MI
ACE inhibitor Class lla (A) post MI

specific causes, and management of
contributing comorbidities such as
hypertension, CAD, and AF
Hypertension management Class | (C)
Maintaining normal weight Class | (B)

Beta-blockers Class | (B) post MI
ACE inhibitor Class lla (A) post MI
CPAP Class lla (B)

Parentheses indicate levels of evidence, as defined in the guidelines.

ACC: American College of Cardiology; ACE: angiotensin-converting enzyme; AF: atrial fibrillation; AHA: American Heart Association;
ARB: angiotensin-receptor blocker; ARNI: angiotensin-receptor neprilysin inhibitor; CPAP: continuous positive airway pressure; CV:
cardiovascular; ESC: European Society of Cardiology; HF: heart failure; HFSA: Heart Failure Society of America; MI: myocardial infarction.

subanalysis indicated that patients with a LVEF of 57% or
lower showed a significant benefit from sacubitril/valsartan
compared to valsartan alone. Therefore, this analysis sug-
gested that the treatment was more effective particularly
in patients with an LVEF in the range of 45-57% or among
female patients. Additionally, in a prespecified participant-
level pooled analysis of PARAGLIDE-HF and PARAGON-HF,
ARNI significantly reduced total HF events and CV death com-
pared with valsartan [rate ratio of 0.86, 95% Cl 0.75-0.98,
p=0.027].°" American guidelines assign a Class IIb recom-
mendation, while no recommendation is listed in the ESC
guidelines.

Mineralocorticoid receptor antagonist

The TOPCAT trial using spironolactone concluded that while
spironolactone did not significantly reduce the primary
composite outcome in the overall population of patients
with HFpEF, it did reduce the rate of hospitalization for HF
and showed potential regional differences in effectiveness.
In American patients, spironolactone reduced the primary
endpoint,”? therefore, American guidelines assign a Class Ilb
recommendation, while no recommendation is listed in the
ESC guidelines.

Finerenone is a nonsteroidal MRA that is more selec-
tive for the mineralocorticoid receptor than spironolactone
or eplerenone. FINEARTS-HF, a global, randomized, double-
blind, parallel-group, event-driven trial comparing the
efficacy and safety of finerenone with placebo in patients
with chronic HFmrEF or HFpEF, showed that finerenone
resulted in a significantly lower rate of a composite total

worsening HF events and death from cardiovascular causes
than placebo.”

Hypertension

Hypertension is the most important cause of HFpEF, and
patients with HFpEF also frequently have an exaggerated
hypertensive response to exercise and may present with
hypertensive acute pulmonary edema. Therefore, hyperten-
sion management is recommended for patients with HFpEF
as Class | in both the ESC and American HF Guidelines.
Although blood pressure targets are uncertain in HFpEF, a
treatment goal of <130/80 mmHg is recommended for those
with a cerebrovascular disease risk of >10%.%* However,
recent findings from the OPTIMIZE-HF registry suggest that
a systolic blood pressure of <120 mmHg may be linked to
worse outcomes in older patients with HFpEF.”> In patients
with HFpEF, a therapeutic strategy with all major antihyper-
tensive drug classes (angiotensin-converting enzyme (ACE)
inhibitor or ARBs, beta-blockers, calcium channel block-
ers, and thiazide/thiazide-like diuretics) is recommended.
The substitution of ACE inhibitor/ARBs with ARNI and treat-
ment with an MRA independent of resistant hypertension can
be considered, particularly in the lower HFpEF spectrum.®
Although there is no specific indication to prefer one anti-
hypertensive class over another, a network meta-analysis of
223 313 patients showed that diuretics, ACE inhibitors, and
ARBs were the most effective classes of drugs for reducing
the incidence of HF compared with placebo (odds ratios of
0.59, 0.71, and 0.76, respectively) and were more effective
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than calcium channel blockers in preventing the develop-
ment of HF.”

Obesity

Obesity is a risk factor for hypertension and CAD and is also
associated with an increased risk of HF. Caloric restriction
and exercise training were found to have additive bene-
ficial effects on exercise capacity and quality of life of
patients with obesity and HFpEF.?® In the STEP-HFpEF trial,
the glucagon-like peptide 1 (GLP-1) agonist, semaglutide,
administered once weekly at a dose of 2.4 mg for one
year significantly decreased body weight (13.3% loss vs.
2.6% in the placebo group) and improved the KCCQ clini-
cal summary score and six-minute walking distance among
obese HFpEF patients (body mass index >30 kg/m?).%%1%
In the SURMOUNT-1 trial, the combined GLP-1/glucose-
dependent insulinotropic polypeptide agonist tirzepatide
(administered subcutaneously at 5-15 mg once weekly)
showed notable efficacy in inducing weight loss among
patients with obesity.’?" Regarding the effect of bariatric
surgery for obesity on the incidence of HF, a meta-analysis
showed that the pooled hazard ratio for incident HF after
bariatric surgery versus control was 0.50 (95% Cl 0.38-0.66,
p<0.001). This analysis also found that bariatric surgery in
patients with obesity was associated with reduced all-cause
and CV mortality as well as lowered incidence of several CV
diseases. '%?

Female gender

As described earlier, female patients with HFpEF may benefit
from taking ARNIs. The reduction in the composite out-
come of total HF hospitalizations and cardiovascular death
was more pronounced in women. The interaction p-value
for sex was 0.017, suggesting a statistically significant dif-
ference in treatment effect between men and women.'®
In the I-PRESERVE trial, which included patients with an
LVEF of 45% or higher, subgroup analysis indicated that
women using irbesartan experienced a lower incidence of
all-cause mortality or first cardiovascular hospitalization
compared to men.'™ Conversely, in the TOPCAT trial (LVEF
>45%), spironolactone did not demonstrate a reduction in
the occurrence of cardiovascular death or HF hospitaliza-
tion. However, the subgroup analysis revealed that women
had a greater reduction in the risk of cardiovascular and all-
cause mortality than men.'% A recent meta-analysis found
no significant trend toward reducing events with other drugs
in HFpEF patients across both sexes.'%

Iron deficiency

In a meta-analysis study, ID in HFpEF was found to be associ-
ated with decreased peak oxygen consumption, increased
dyspnea, decreased six-minute walk oxygen uptake, and
decreased health-related quality of life.?° Some studies sug-
gest that ID in HFpEF may be associated with worse clinical
outcomes, although others have found no association with
hospitalization or death.>*° The use of ferric carboxymal-
tose has been associated with a significant improvement in

functional status in patients with HFpEF according to the
NYHA scale.'”” The potential benefits of intravenous iron
supplementation in HFpEF are being investigated in ongo-
ing trials such as FAIR-HFpEF (NCT03074591) and PREFER-HF
(NCT03833336).

Coronary artery disease

In patients with an LVEF of >40% following myocardial
infarction, ACE inhibitors and beta-blockers should be con-
sidered. In patients with HF post-myocardial infarction,
beta-blockers are recommended for patients with preserved
EF as Class lla in ESC and Class | in AHA/ACC guidelines. %
ACE inhibitors are recommended for patients with preserved
EF as Class lla in both guidelines. 33

In the absence of positive clinical trials, ARNI or SGLT-2
inhibitors should not be used routinely in high-risk patients
immediately after myocardial infarction, although if a
patient develops chronic symptomatic HF in the weeks and
months following acute myocardial infarction, then ARNI and
SGLT-2 inhibitors should be initiated at the earliest oppor-
tunity according to HF guidelines.'%®

Treatments for patients with HFpEF and CMD are limited
and not well established. The 2019 ESC guidelines suggest
using B-blockers, ACE inhibitors, and statins, in addition
to lifestyle changes and weight loss, for patients with a
coronary flow reserve below 2.0 or an index of microcir-
culatory resistance >25 who have a negative acetylcholine
provocation test.'” However, these recommendations are
not specifically targeted at HFpEF patients.

Diabetes and chronic kidney disease

See ‘'Sodium-glucose cotransporter-2 inhibitor, Angiotensin-
receptor blocker/angiotensin-receptor neprilysin inhibitor,
Mineralocorticoid receptor antagonist’’ sections for infor-
mation on individual types of therapeutic agents. SGLT-2
inhibitors and finerenone, a nonsteroidal and selective MRA,
are now recommended as Class IA for the prevention of HF
in patients with type 2 diabetes and CKD.#*"" DAPA-CKD and
EMPA-KIDNEY trials demonstrated reduced cardiovascular
death, HF hospitalization, and kidney disease progression in
CKD patients with or without diabetes.""'~""* Furthermore,
FIDELIO-DKD and FIGARO-DKD trials showed the benefits of
finerenone on cardiovascular and kidney outcomes com-
pared to placebo in patients with CKD and type 2 diabetes.

Sleep apnea

Since sleep apnea is associated with obesity, the treat-
ment might be similar to that for obesity itself. Therapeutic
strategies for patients with HFpEF and sleep apnea are
limited, especially with respect to pharmacological inter-
ventions. When focusing on the treatment of positive airway
pressure therapy for sleep apnea, observational studies
have indicated that older, obese HFpEF patients with sleep-
disordered breathing might benefit the most from adaptive
servo-ventilation (ASV) therapy, as evidenced by significant
reductions in cardiovascular mortality and morbidity, along
with high adherence to the therapy.''*'"®
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Another small trial involving HFpEF patients (EF >50%,
apnea-hypopnea index >15/hour, n=36) demonstrated that
ASV therapy could improve diastolic function, reduce
brain natriuretic peptide levels, and lower the combined
risk of cardiac death and worsening HF.""® In addition,
treating obstructive sleep apnea may help prevent the
progression of HFpEF by reducing risk factors like arte-
rial hypertension and cardiac workload, thereby preventing
cardiac remodeling.""” Despite these findings, there is a
lack of data from large-scale clinical trials for HFpEF
and sleep-disordered breathing; thus, further studies are
warranted.

Chronotropic incompetence

Beta-blockers are widely prescribed in patients with HFpEF,
although the evidence for beneficial effects in these patients
is poor. Many patients with HFpEF experience chronotropic
incompetence, which may deteriorate further when treated
with beta-blockers.'® A recent study investigated the
effects of discontinuing beta-blocker treatment on the per-
centage change in predicted peak oxygen consumption,
indexed left ventricular diastolic volume, indexed left ven-
tricular systolic volume (iLVESV), and LVEF in patients with
HFpEF and chronotropic incompetence.”® Participants in the
PRESERVE-HR trial were randomized to either stop or con-
tinue their beta-blocker therapy and then switched to the
alternate intervention after two weeks. The findings indi-
cated that HFpEF patients with chronotropic incompetence
who had lower iLVESV experienced a greater short-term
enhancement in maximal functional capacity following the
cessation of B-blocker treatment.

Conclusions

In conclusion, we have provided a contemporary overview
of the intertwined pathophysiology of primary HFpEF,
which includes arterial hypertension, obesity, aging, gen-
der differences, ID, CAD, diabetes, CKD, sleep apnea,
and chronotropic incompetence, as well as its treatments.
HFpEF, characterized by diverse etiological factors and
clinical phenotypes, poses significant challenges in both
diagnosis and management. Understanding these inter-
related mechanisms is critical for tailoring management
strategies to improve outcomes in HFpEF patients.

Human and animal rights and consent

This article does not contain any studies with human and
animal subjects conducted by any of the authors.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Competing interests

The authors declare no competing interests.

References

10.

1.

12.

13.

14.

15.

16.

453

. Bozkurt B, Coats AJ, Tsutsui H, et al. Universal defini-

tion and classification of heart failure: a report of the
Heart Failure Society of America, Heart Failure Associa-
tion of the European Society of Cardiology Japanese Heart
Failure Society and Writing Committee of the Universal
Definition of Heart Failure. J Card Fail. 2021;27:387-413,
http://dx.doi.org/10.1016/j.cardfail.2021.01.022.

. Ono R, Falcao LM. Supra-normal left ventricular function. Am

J Cardiol. 2023;207:84-92.

. Dunlay SM, Roger VL, Redfield MM. Epidemiology of heart

failure with preserved ejection fraction. Nat Rev Cardiol.
2017;14:591-602.

. Del Buono MG, Buckley L, Abbate A. Primary and secondary

diastolic dysfunction in heart failure with preserved ejection
fraction. Am J Cardiol. 2018;122:1578-87.

. Anker SD, Usman MS, Anker MS, et al. Patient phenotype pro-

filing in heart failure with preserved ejection fraction to guide
therapeutic decision making. A scientific statement of the
Heart Failure Association, the European Heart Rhythm Associ-
ation of the European Society of Cardiology, and the European
Society of Hypertension. Eur J Heart Fail. 2023;25:936-55.

. Obokata M, Reddy YNV, Borlaug BA. Diastolic dysfunction and

heart failure with preserved ejection fraction: understanding
mechanisms by using noninvasive methods. JACC Cardiovasc
Imaging. 2020;13:245-57.

. Shah AM, Claggett B, Sweitzer NK, et al. Prognostic importance

of impaired systolic function in heart failure with preserved
ejection fraction and the impact of spironolactone. Circula-
tion. 2015;132:402-14.

. DeVore AD, McNulty S, Alenezi F, et al. Impaired left ventricular

global longitudinal strain in patients with heart failure with
preserved ejection fraction: insights from the RELAX trial. Eur
J Heart Fail. 2017;19:893-900.

. Brann A, Miller J, Eshraghian E, et al. Global longitudi-

nal strain predicts clinical outcomes in patients with heart
failure with preserved ejection fraction. Eur J Heart Fail.
2023;25:1755-65.

Biering-Sorensen T, Santos M, Rivero J, et al. Left ventricu-
lar deformation at rest predicts exercise-induced elevation in
pulmonary artery wedge pressure in patients with unexplained
dyspnoea. Eur J Heart Fail. 2017;19:101-10.

Tan YT, Wenzelburger F, Lee E, et al. The pathophysiology of
heart failure with normal ejection fraction: exercise echocar-
diography reveals complex abnormalities of both systolic and
diastolic ventricular function involving torsion, untwist, and
longitudinal motion. J Am Coll Cardiol. 2009;54:36-46.
Hasselberg NE, Haugaa KH, Sarvari SI, et al. Left ventricular
global longitudinal strain is associated with exercise capacity
in failing hearts with preserved and reduced ejection fraction.
Eur Heart J Cardiovasc Imaging. 2015;16:217-24.

McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines
for the diagnosis and treatment of acute and chronic heart
failure. Eur Heart J. 2021;42:3599-726.

Kitzman DW, Shah SJ. The HFpEF obesity phenotype: the ele-
phant in the room. J Am Coll Cardiol. 2016;68:200-3.
Biering-Sorensen T, Biering-Sorensen SR, Olsen FJ, et al.
Global longitudinal strain by echocardiography predicts
long-term risk of cardiovascular morbidity and mortal-
ity in a low-risk general population: the Copenhagen
City Heart Study. Circ Cardiovasc Imaging. 2017;10,
http://dx.doi.org/10.1161/CIRCIMAGING.116.005521.

Sakata Y, Ohtani T, Takeda Y, et al. Left ventricular stiffening
as therapeutic target for heart failure with preserved ejection
fraction. Circ J. 2013;77:886-92.


dx.doi.org/10.1016/j.cardfail.2021.01.022
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0600
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0605
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0610
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0615
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0620
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0625
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0630
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0635
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0640
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0645
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0650
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0655
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0660
dx.doi.org/10.1161/CIRCIMAGING.116.005521
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0670

R. Ono and L. Menezes Falcao

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wiech P, Wurzburger L, Rossi VA, et al. Hypertensive
response to exercise, hypertension and heart failure with
preserved ejection fraction (HFpEF)-a continuum of disease?
Wien Klin Wochenschr. 2023;135:685-95, http://dx.doi.org/
10.1007/s00508-023-02195-3.

Gradman AH, Wilson JT. Hypertension and diastolic heart fail-
ure. Curr Cardiol Rep. 2009;11:422-9.

Budde H, Hassoun R, Mugge A, et al. Current understanding
of molecular pathophysiology of heart failure with preserved
ejection fraction. Front Physiol. 2022;13:928232.

Takamura T, Onishi K, Sugimoto T, et al. Patients with a hyper-
tensive response to exercise have impaired left ventricular
diastolic function. Hypertens Res. 2008;31:257-63.

Schultz MG, Otahal P, Cleland VJ, et al. Exercise-induced
hypertension, cardiovascular events, and mortality in patients
undergoing exercise stress testing: a systematic review and
meta-analysis. Am J Hypertens. 2013;26:357-66.

Shah SJ, Borlaug BA, Kitzman DW, et al. Research priorities for
heart failure with preserved ejection fraction: National Heart,
Lung, and Blood Institute Working Group Summary. Circulation.
2020;141:1001-26.

Pandey A, LaMonte M, Klein L, et al. Relationship between
physical activity body mass index, and risk of heart failure. J
Am Coll Cardiol. 2017;69:1129-42.

Reddy YNV, Lewis GD, Shah SJ, et al. Characterization of
the obese phenotype of heart failure with preserved ejec-
tion fraction: a RELAX trial ancillary study. Mayo Clin Proc.
2019;94:1199-209.

Jin X, Qiu T, Li L, et al. Pathophysiology of obesity and its
associated diseases. Acta Pharm Sin B. 2023;13:2403-24.
Anjan VY, Loftus TM, Burke MA, et al. Prevalence, clinical
phenotype, and outcomes associated with normal B-type natri-
uretic peptide levels in heart failure with preserved ejection
fraction. Am J Cardiol. 2012;110:870-6.

Obokata M, Reddy YNV, Pislaru SV, et al. Evidence supporting
the existence of a distinct obese phenotype of heart fail-
ure with preserved ejection fraction. Circulation. 2017;136:
6-19.

van Heerebeek L, Paulus WJ. Understanding heart failure with
preserved ejection fraction: where are we today? Neth Heart
J. 2016;24:227-36.

Hiraiwa H, Okumura T, Murohara T. Drug therapy for
acute and chronic heart failure with preserved ejection
fraction with hypertension: a state-of-the-art review. Am
J Cardiovasc Drugs. 2024;24:343-69, http://dx.doi.org/10
.1007/s40256-024-00641-9.

Redfield MM, Jacobsen SJ, Borlaug BA, et al. Age- and gender-
related ventricular-vascular stiffening: a community-based
study. Circulation. 2005;112:2254-62.

Loffredo FS, Nikolova AP, Pancoast JR, et al. Heart failure with
preserved ejection fraction: molecular pathways of the aging
myocardium. Circ Res. 2014;115:97-107.

Sanderson JE. Factors related to outcome in heart failure with
a preserved (or normal) left ventricular ejection fraction. Eur
Heart J Qual Care Clin Outcomes. 2016;2:153-63.

Parcha V, Patel N, Kalra R, et al. Clinical demographic,
and imaging correlates of anemia in heart failure with pre-
served ejection fraction (from the RELAX trial). Am J Cardiol.
2020;125:1870-8.

Borlaug BA, Sharma K, Shah SJ, et al. Heart failure with pre-
served ejection fraction: JACC scientific statement. J Am Coll
Cardiol. 2023;81:1810-34.

Sotomi Y, Hikoso S, Nakatani D, et al. Sex differences in heart
failure with preserved ejection fraction. J Am Heart Assoc.
2021;10:e018574.

Desai RJ, Mahesri M, Chin K, et al. Epidemiologic character-
ization of heart failure with reduced or preserved ejection

37.

38.

39.

40.

M.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

454

fraction populations identified using medicare claims. Am J
Med. 2021;134:e241-51.

Beale AL, Meyer P, Marwick TH, et al. Sex differences in car-
diovascular pathophysiology: why women are overrepresented
in heart failure with preserved ejection fraction. Circulation.
2018;138:198-205.

Ha JW, Lee HC, Park S, et al. Gender-related difference in left
ventricular diastolic elastance during exercise in patients with
diabetes mellitus. Circ J. 2008;72:1443-8.

Beale AL, Warren JL, Roberts N, et al. Iron deficiency in heart
failure with preserved ejection fraction: a systematic review
and meta-analysis. Open Heart. 2019;6:€001012.

Masini G, Graham FJ, Pellicori P, et al. Criteria for iron
deficiency in patients with heart failure. J Am Coll Cardiol.
2022;79:341-51.

Jankowska EA, von Haehling S, Anker SD, et al. Iron deficiency
and heart failure: diagnostic dilemmas and therapeutic per-
spectives. Eur Heart J. 2013;34:816-29.

Rocha BML, Cunha GJL, Menezes Falcao LF. The burden of iron
deficiency in heart failure: therapeutic approach. J Am Coll
Cardiol. 2018;71:782-93.

Alnuwaysir RIS, Hoes MF, van Veldhuisen DJ, et al. Iron defi-
ciency in heart failure: mechanisms and pathophysiology. J Clin
Med. 2021;11, http://dx.doi.org/10.3390/jcm11010125.

. Patel RN, Sharma A, Prasad A, et al. Heart failure with pre-

served ejection fraction with CKD: a narrative review of a
multispecialty disorder. Kidney Med. 2023;5:100705.

Gevaert AB, Mueller S, Winzer EB, et al. Iron deficiency
impacts diastolic function aerobic exercise capacity, and
patient phenotyping in heart failure with preserved ejection
fraction: a subanalysis of the OptimEx-Clin study. Front Phys-
iol. 2021;12:757268.

Rush CJ, Berry C, Oldroyd KG, et al. Prevalence of coro-
nary artery disease and coronary microvascular dysfunction in
patients with heart failure with preserved ejection fraction.
JAMA Cardiol. 2021;6:1130-43.

JiaH, LiuL, Bi X, et al. Right ventricular-arterial uncoupling as
an independent prognostic factor in acute heart failure with
preserved ejection fraction accompanied with coronary artery
disease. Chin Med J (Engl). 2023;136:1198-206.

Sinha A, Rahman H, Perera D. Coronary microvascular dysfunc-
tion and heart failure with preserved ejection fraction: what
are the mechanistic links? Curr Opin Cardiol. 2023;38:521-6.

Shah SJ, Lam CSP, Svedlund S, et al. Prevalence and corre-
lates of coronary microvascular dysfunction in heart failure
with preserved ejection fraction: PROMIS-HFpEF. Eur Heart J.
2018;39:3439-50.

Del Buono MG, Montone RA, Camilli M, et al. Coronary
microvascular dysfunction across the spectrum of cardiovascu-
lar diseases: JACC state-of-the-art review. J Am Coll Cardiol.
2021;78:1352-71.

Butt JH, Jering K, De Boer RA, et al. Heart failure investigator-
reported sleep apnea and dapagliflozin: a patient-level
pooled meta-analysis of DAPA-HF and DELIVER. J Card Fail.
2024;30:436-48.

Cistulli PA, Malhotra A, Cole KV, et al. Positive airway pressure
therapy adherence and health care resource use in patients
with obstructive sleep apnea and heart failure with preserved
ejection fraction. J Am Heart Assoc. 2023;12:e028733.

Cowie MR, Linz D, Redline S, et al. Sleep disordered breathing
and cardiovascular disease: JACC state-of-the-art review. J Am
Coll Cardiol. 2021;78:608-24.

Bradley TD, Floras JS. Sleep apnea and heart failure: Part I:
obstructive sleep apnea. Circulation. 2003;107:1671-8.

Yu L, Li H, Liu X, et al. Left ventricular remodeling and dys-
function in obstructive sleep apnea: systematic review and
meta-analysis. Herz. 2020;45:726-38.


dx.doi.org/10.1007/s00508-023-02195-3
dx.doi.org/10.1007/s00508-023-02195-3
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0680
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0685
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0690
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0695
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0700
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0705
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0710
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0715
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0720
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0725
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0730
dx.doi.org/10.1007/s40256-024-00641-9
dx.doi.org/10.1007/s40256-024-00641-9
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0740
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0745
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0750
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0755
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0760
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0765
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0770
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0775
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0780
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0785
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0790
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0795
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0800
dx.doi.org/10.3390/jcm11010125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0810
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0815
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0820
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0825
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0830
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0835
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0840
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0845
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0850
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0855
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0860
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0865

Revista Portuguesa de Cardiologia 44 (2025) 445-456

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Lavie L. Intermittent hypoxia: the culprit of oxidative stress,
vascular inflammation and dyslipidemia in obstructive sleep
apnea. Expert Rev Respir Med. 2008;2:75-84.

Lavie L. Oxidative stress inflammation and endothelial dys-
function in obstructive sleep apnea. Front Biosci (Elite Ed).
2012;4:1391-403.

Yakovlev A, Teplyakov A, Grakova E, et al. Serum cytokines
as biomarkers in heart failure with preserved ejection frac-
tion and sleep apnea: a prospective cohort study. Life (Basel).
2023;13, http://dx.doi.org/10.3390/life13030628.

Seferovic PM, Paulus WJ. Clinical diabetic cardiomyopathy: a
two-faced disease with restrictive and dilated phenotypes. Eur
Heart J. 2015;36:1718-27, 1727a-1727c.

Forbes JM, Cooper ME. Mechanisms of diabetic complications.
Physiol Rev. 2013;93:137-88.

van Heerebeek L, Hamdani N, Handoko ML, et al. Diastolic
stiffness of the failing diabetic heart: importance of fibrosis,
advanced glycation end products, and myocyte resting tension.
Circulation. 2008;117:43-51.

Shenouda SM, Widlansky ME, Chen K, et al. Altered mito-
chondrial dynamics contributes to endothelial dysfunction in
diabetes mellitus. Circulation. 2011;124:444-53.

Boudina S, Abel ED. Diabetic cardiomyopathy revisited. Circu-
lation. 2007;115:3213-23.

Ather S, Chan W, Bozkurt B, et al. Impact of noncardiac
comorbidities on morbidity and mortality in a predomi-
nantly male population with heart failure and preserved
versus reduced ejection fraction. J Am Coll Cardiol. 2012;59:
998-1005.

Yancy CW, Lopatin M, Stevenson LW, et al. Clinical presen-
tation, management, and in-hospital outcomes of patients
admitted with acute decompensated heart failure with
preserved systolic function: a report from the Acute Decom-
pensated Heart Failure National Registry (ADHERE) Database.
J Am Coll Cardiol. 2006;47:76-84.

Ter Maaten JM, Damman K, Verhaar MC, et al. Connecting heart
failure with preserved ejection fraction and renal dysfunction:
the role of endothelial dysfunction and inflammation. Eur J
Heart Fail. 2016;18:588-98.

Silswal N, Touchberry CD, Daniel DR, et al. FGF23 directly
impairs endothelium-dependent vasorelaxation by increasing
superoxide levels and reducing nitric oxide bioavailability. Am
J Physiol Endocrinol Metab. 2014;307:E426-36.

Bucharles S, Barberato SH, Stinghen AE, et al. Hypovitaminosis
D is associated with systemic inflammation and concentric
myocardial geometric pattern in hemodialysis patients with
low iPTH levels. Nephron Clin Pract. 2011;118:c384-91.
Rostand SG, Drueke TB. Parathyroid hormone, vitamin D, and
cardiovascular disease in chronic renal failure. Kidney Int.
1999;56:383-92.

Moradi H, Sica DA, Kalantar-Zadeh K. Cardiovascular burden
associated with uremic toxins in patients with chronic kidney
disease. Am J Nephrol. 2013;38:136-48.

Tsioufis C, Dimitriadis K, Chatzis D, et al. Relation of microal-
buminuria to adiponectin and augmented C-reactive protein
levels in men with essential hypertension. Am J Cardiol.
2005;96:946-51.

Brubaker PH, Kitzman DW. Chronotropic incompetence:
causes, consequences, and management. Circulation.
2011;123:1010-20.

Borlaug BA, Melenovsky V, Russell SD, et al. Impaired
chronotropic and vasodilator reserves limit exercise capacity
in patients with heart failure and a preserved ejection frac-
tion. Circulation. 2006;114:2138-47.

Reddy YNV, Koepp KE, Carter R, et al. Rate-adaptive atrial
pacing for heart failure with preserved ejection fraction: the
RAPID-HF randomized clinical trial. JAMA. 2023;329:801-9.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

455

Nair N. Epidemiology and pathogenesis of heart failure
with preserved ejection fraction. Rev Cardiovasc Med.
2020;21:531-40.

Sarma S, Stoller D, Hendrix J, et al. Mechanisms of
chronotropic incompetence in heart failure with preserved
ejection fraction. Circ Heart Fail. 2020;13:e006331.

Conraads VM, Metra M, Kamp O, et al. Effects of the long-term
administration of nebivolol on the clinical symptoms, exercise
capacity, and left ventricular function of patients with dias-
tolic dysfunction: results of the ELANDD study. Eur J Heart Fail.
2012;14:219-25.

Wolsk E, Kaye DM, Komtebedde J, et al. Determinants and
consequences of heart rate and stroke volume response to
exercise in patients with heart failure and preserved ejection
fraction. Eur J Heart Fail. 2021;23:754-64.

Palau P, de la Espriella R, Seller J, et al. beta-Blocker with-
drawal and functional capacity improvement in patients with
heart failure with preserved ejection fraction. JAMA Cardiol.
2024;9:392-6.

Palau P, Seller J, Dominguez E, et al. Effect of beta-blocker
withdrawal on functional capacity in heart failure and pre-
served ejection fraction. J Am Coll Cardiol. 2021;78:2042-56.
Komajda M, Isnard R, Cohen-Solal A, et al. Effect of ivabra-
dine in patients with heart failure with preserved ejection
fraction: the EDIFY randomized placebo-controlled trial. Eur
J Heart Fail. 2017;19:1495-503.

Pal N, Sivaswamy N, Mahmod M, et al. Effect of selective heart
rate slowing in heart failure with preserved ejection fraction.
Circulation. 2015;132:1719-25.

McDonagh TA, Metra M, Adamo M, et al. 2023 focused update
of the 2021 ESC Guidelines for the diagnosis and treatment of
acute and chronic heart failure. Eur Heart J. 2023;44:3627-39.
Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022
AHA/ACC/HFSA Guideline for the management of heart
failure: a report of the American College of Cardiol-
ogy/American Heart Association Joint Committee on Clinical
Practice Guidelines. Circulation. 2022;145:895-1032.

Anker SD, Butler J, Filippatos G, et al. Empagliflozin in heart
failure with a preserved ejection fraction. N Engl J Med.
2021;385:1451-61.

Solomon SD, McMurray JJV, Claggett B, et al. Dapagliflozin in
heart failure with mildly reduced or preserved ejection frac-
tion. N Engl J Med. 2022;387:1089-98.

Yusuf S, Pfeffer MA, Swedberg K, et al. Effects of can-
desartan in patients with chronic heart failure and preserved
left-ventricular ejection fraction: the CHARM-Preserved trial.
Lancet. 2003;362:777-81.

Massie BM, Carson PE, McMurray JJ, et al. Irbesartan in patients
with heart failure and preserved ejection fraction. N Engl J
Med. 2008;359:2456-67.

Cleland JG, Tendera M, Adamus J, et al. The perindopril in
elderly people with chronic heart failure (PEP-CHF) study. Eur
Heart J. 2006;27:2338-45.

Solomon SD, McMurray JJV, Anand IS, et al.
Angiotensin-neprilysin inhibition in heart failure with
preserved ejection fraction. N Engl J Med. 2019;381:1609-20.
Vaduganathan M, Mentz RJ, Claggett BL, et al. Sacubi-
tril/valsartan in heart failure with mildly reduced or preserved
ejection fraction: a pre-specified participant-level pooled
analysis of PARAGLIDE-HF and PARAGON-HF. Eur Heart J.
2023;44:2982-93.

Pfeffer MA, Claggett B, Assmann SF, et al. Regional variation in
patients and outcomes in the treatment of preserved cardiac
function heart failure with an aldosterone antagonist (TOPCAT)
trial. Circulation. 2015;131:34-42.

Solomon SD, McMurray JJV, Vaduganathan M, et al.
Finerenone in heart failure with mildly reduced or


http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0870
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0875
dx.doi.org/10.3390/life13030628
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0885
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0890
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0895
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0900
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0905
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0910
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0915
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0920
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0925
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0930
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0935
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0940
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0945
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0950
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0955
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0960
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0965
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0970
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0975
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0980
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0985
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0990
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref0995
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1000
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1005
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1010
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1015
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1020
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1025
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1030
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1035
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1040
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1045
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1050

R. Ono and L. Menezes Falcao

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

preserved ejection fraction. N Engl J Med. 2024;391:1475-85,
http://dx.doi.org/10.1056/NEJM0oa2407107.

von Haehling S, Assmus B, Bekfani T, et al. Heart failure
with preserved ejection fraction: diagnosis, risk assess-
ment, and treatment. Clin Res Cardiol. 2024;113:1287-305,
http://dx.doi.org/10.1007/s00392-024-02396-4.

Faselis C, Lam PH, Zile MR, et al. Systolic blood pressure and
outcomes in older patients with HFpEF and hypertension. Am
J Med. 2021;134:e252-63.

Mancia G, Kreutz R, Brunstrom M, et al. 2023 ESH Guidelines
for the management of arterial hypertension The Task Force
for the management of arterial hypertension of the European
Society of Hypertension: endorsed by the International Soci-
ety of Hypertension (ISH) and the European Renal Association
(ERA). J Hypertens. 2023;41:1874-2071.

Sciarretta S, Palano F, Tocci G, et al. Antihypertensive treat-
ment and development of heart failure in hypertension: a
Bayesian network meta-analysis of studies in patients with
hypertension and high cardiovascular risk. Arch Intern Med.
2011;171:384-94.

Kitzman DW, Brubaker P, Morgan T, et al. Effect of caloric
restriction or aerobic exercise training on peak oxygen con-
sumption and quality of life in obese older patients with heart
failure with preserved ejection fraction: a randomized clinical
trial. JAMA. 2016;315:36-46.

Kosiborod MN, Abildstrom SZ, Borlaug BA, et al. Design and
baseline characteristics of STEP-HFpEF program evaluating
semaglutide in patients with obesity HFpEF phenotype. JACC
Heart Fail. 2023;11:1000-10.

Kosiborod MN, Petrie MC, Borlaug BA, et al. Semaglutide in
patients with obesity-related heart failure and type 2 diabetes.
N Engl J Med. 2024;390:1394-407.

Jastreboff AM, Aronne LJ, Ahmad NN, et al. Tirzepatide
once weekly for the treatment of obesity. N Engl J Med.
2022;387:205-16.

van Veldhuisen SL, Gorter TM, van Woerden G, et al. Bariatric
surgery and cardiovascular disease: a systematic review and
meta-analysis. Eur Heart J. 2022;43:1955-69.

McMurray JJV, Jackson AM, Lam CSP, et al. Effects of
sacubitril-valsartan versus valsartan in women compared with
men with heart failure and preserved ejection fraction:
insights from PARAGON-HF. Circulation. 2020;141:338-51.
Lam CS, Carson PE, Anand IS, et al. Sex differences in clini-
cal characteristics and outcomes in elderly patients with heart
failure and preserved ejection fraction: the irbesartan in heart
failure with preserved ejection fraction (I-PRESERVE) trial.
Circ Heart Fail. 2012;5:571-8.

Merrill M, Sweitzer NK, Lindenfeld J, et al. Sex differences in
outcomes and responses to spironolactone in heart failure with

106.

107.

108.

109.

110.

111.

112.

113.

114,

115.

116.

117.

118.

456

preserved ejection fraction: a secondary analysis of TOPCAT
trial. JACC Heart Fail. 2019;7:228-38.

Wang N, Evans J, Sawant S, et al. Sex-specific differences in the
efficacy of heart failure therapies: a meta-analysis of 84,818
patients. Heart Fail Rev. 2023;28:949-59.

Lopez-Vilella R, Lozano-Edo S, Arenas Martin P, et al. Impact
of intravenous ferric carboxymaltose on heart failure with
preserved and reduced ejection fraction. ESC Heart Fail.
2022;9:133-45.

Carberry J, Marquis-Gravel G, O’Meara E, et al. Where are
we with treatment and prevention of heart failure in patients
post-myocardial infarction? JACC Heart Fail. 2024;12:1157-65.
Knuuti J, Wijns W, Saraste A, et al. 2019 ESC Guidelines for the
diagnosis and management of chronic coronary syndromes. Eur
Heart J. 2020;41:407-77.

Beghini A, Sammartino AM, Papp Z, et al. 2024
update in heart failure. ESC Heart Fail. 2025;12:8-42,
http://dx.doi.org/10.1002/ehf2.14857.

Heerspink HJL, Stefansson BV, Correa-Rotter R, et al.
Dapagliflozin in patients with chronic kidney disease. N Engl
J Med. 2020;383:1436-46.

Nuffield Department of Population Health Renal Studies
Group, Consortium SiM-AC-RT. Impact of diabetes on the
effects of sodium glucose co-transporter-2 inhibitors on kidney
outcomes: collaborative meta-analysis of large placebo-
controlled trials. Lancet. 2022;400:1788-801.

Herrington WG, Staplin N, Wanner C, et al. Empagliflozin
in patients with chronic kidney disease. N Engl J Med.
2023;388:117-27.

Tamisier R, Damy T, Bailly S, et al. Adaptive servo ventilation
for sleep apnoea in heart failure: the FACE study 3-month data.
Thorax. 2022;77:178-85.

Tamisier R, Damy T, Bailly S, et al. FACE study: 2-year follow-up
of adaptive servo-ventilation for sleep-disordered breathing in
a chronic heart failure cohort. Sleep Med. 2024;113:412-21.
Yoshihisa A, Suzuki S, Yamaki T, et al. Impact of adaptive
servo-ventilation on cardiovascular function and prognosis in
heart failure patients with preserved left ventricular ejec-
tion fraction and sleep-disordered breathing. Eur J Heart Fail.
2013;15:543-50.

Pengo MF, Soranna D, Giontella A, et al. Obstructive
sleep apnoea treatment and blood pressure: which phe-
notypes predict a response? A systematic review and
meta-analysis. Eur Respir J. 2020;55, http://dx.doi.org/10.
1183/13993003.01945-2019.

Wernhart S, Papathanasiou M, Rassaf T, et al. The controversial
role of beta-blockers in heart failure with preserved ejection
fraction. Pharmacol Ther. 2023;243:108356.


dx.doi.org/10.1056/NEJMoa2407107
dx.doi.org/10.1007/s00392-024-02396-4
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1065
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1070
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1075
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1080
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1085
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1090
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1095
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1100
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1105
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1110
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1115
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1120
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1125
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1130
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1135
dx.doi.org/10.1002/ehf2.14857
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1145
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1150
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1155
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1160
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1165
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1170
dx.doi.org/10.1183/13993003.01945-2019
dx.doi.org/10.1183/13993003.01945-2019
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180
http://refhub.elsevier.com/S0870-2551(25)00158-1/sbref1180

	Primary heart failure with preserved ejection fraction: The intertwined pathophysiology and treatment of some of the most ...
	Introduction
	Pathophysiology of heart failure with preserved ejection fraction
	Arterial hypertension
	Obesity
	The elderly
	Female gender
	Iron deficiency
	Coronary artery disease
	Sleep apnea
	Diabetes
	Chronic kidney disease
	Chronotropic incompetence

	From pathophysiology to treatment of heart failure with preserved ejection fraction
	Sodium-glucose cotransporter-2 inhibitor
	Angiotensin-receptor blocker/angiotensin-receptor neprilysin inhibitor
	Mineralocorticoid receptor antagonist
	Hypertension
	Obesity
	Female gender
	Iron deficiency
	Coronary artery disease
	Diabetes and chronic kidney disease
	Sleep apnea
	Chronotropic incompetence

	Conclusions
	Human and animal rights and consent
	Funding
	Competing interests
	References


