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Abstract: Background and Objectives: Along with the ageing of the population,
cancer and cardiovascular (CV) diseases more frequently coexist, complicating patients’
management. Here, we focus on elderly oncologic patients, describing clinical features and
comorbidities, discussing therapeutic management CV risk factors and CV complications
risen during our CV follow-up, and exploring the different items of the comprehensive
geriatric assessment (CGA) and the correlation between cardiac function by means
of standard 2D echocardiography and each of the CGA items. Methods: A total of
108 consecutive patients (mean age 73.55 £ 5.43 years old; 40.7% females) referred to
our cardio-oncology unit were enrolled, and three different groups were identified: Group
1, patients naive for oncologic treatments (mean age 73.32 & 5.40; 33% females); Group 2,
patients already on antineoplastic protocols (mean age 73.46 &+ 5.09; 44.1% females); and
Group 3, patients who had already completed cancer treatments (mean age 74.34 + 6.23;
55% female). The correlation between CGA, performed in a subgroup of 62 patients (57.4%),
and echocardiographic parameters was assessed. Results: Group 2 patients had the highest
incidence of CV events (CVEs) (61.8% vs. 14.8% in Group 1, 15% in Group 3; p < 0.001) and
withdrawals from oncologic treatments (8.8% vs. none in Group 1; p = 0.035). Group 2 had
worse 48-month survival (47.1% vs. 22.2% in Group 1, 20% in Group 3; p = 0.05), which was
even more evident when focusing on patients who died during follow-up. When assessing
echocardiographic parameters, physical activity showed an inverse correlation with the left
ventricular mass index (p = 0.034), while the Frailty index showed a direct correlation with
the E/e’ ratio (p = 0.005). Conclusions: A thorough baseline CV assessment is important in
elderly oncologic patients eligible for anticancer treatment. In this population, CGA can
be a simple, feasible screening tool that might help identify patients at a greater risk of
developing CVEs correlating to several pivotal cardiovascular parameters.

Keywords: cardio-oncology; elderly; comprehensive geriatric assessment; cardiovascular
baseline evaluation; echocardiography
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1. Introduction

Ageing is characterized by an increased prevalence of several chronic and degenerative
conditions, such as cardiovascular diseases (CVDs) and cancer [1-5]. In particular, it
is estimated that around 60% of new diagnoses of cancer occur in people older than
65 years [6,7]. Both cancer and cancer treatments represent external stressors that increase
vulnerability in older people and can contribute to the setting of frailty, a complex
geriatric syndrome characterized by a cumulative decline of functional reserves and
an increased vulnerability to stressor events leading to poor health outcomes, such
as falls, delirium, disability, multi-system dysfunction, chronic disease, and higher
mortality [8,9]. Furthermore, thanks to advances in the multidisciplinary management of
CVDs, patients’ survival, even after major CV events (CVEs), has ameliorated significantly
over the past decade [10-16]. On the other hand, it is well known that many antineoplastic
treatments are associated with diverse CV side effects, such as cardiac dysfunction
associated with anthracyclines administration, myocarditis typical of the use of immune
checkpoint inhibitors, or hypertension associated with VEGF inhibitors [16].

Indeed, cancer and heart failure (HF) share many common risk factors, besides being
linked from a pathophysiologic standpoint [3]. On the other hand, age itself affects clinical
outcomes and the quality of life in cancer patients and implies a higher likelihood of
developing cardiotoxicity [7]. Although the interest on the matter has been rising, elderly
cancer patients are often under-treated and still under-represented in clinical trials; hence,
strong evidence on the best management of this subset of patients is lacking, and the
relationship between frailty and cancer is yet to be cleared [6,7].

The treatment of elderly patients with cancer is very complex not only due to the
presence of comorbidities, the use of polypharmacotherapy, and the development of
disability and geriatric syndromes but also due to the higher risk of side effects related to
oncologic therapies. The clinical decision of the oncologist concerning the best treatment
of an elder patient is based on an explicit estimation of the patient’s life expectancy and
quality of life.

The International Society of Geriatric Oncology (SIOG) recommends the comprehensive
geriatric assessment (CGA) as the gold standard to evaluate frailty in elderly cancer patients,
since its use in the onco-geriatric setting has been proven to improve patients” outcomes,
quality of life, and survival [6,7]. In particular, the CGA is a multidimensional evaluation tool
which investigates different domains of frailty to detect and stratify clinical vulnerability [8,17].

How CVDs can contribute to frailty in cancer patients is still unclear [11,18]. Improving
the knowledge of the epidemiology and phenomenology of frailty in elderly subjects with
cancer is crucial in order to develop the best effective strategy of individual care in such a
heterogeneous and challenging category of patients [7]. Furthermore, it is worth mentioning
that there is a tight link between ageing and cachexia, further worsening the survival of
elderly cancer patients [2,8,10].

Although, to date, there is no conclusive evidence on the impact of geriatric
interventions in elderly cancer patients, CGA is the indispensable prerequisite for planning
patients’ clinical paths, implementing the necessary interventions to allow fragile patients
to benefit from treatments.

The objectives of this work are to analyze the characteristics of elderly patients who
are referred to our cardio-oncology unit, outlining clinical features and comorbidities,
and to discuss complex therapeutic management for the prevention and optimization of
cardiovascular risk factors, as well as the treatment of cardiovascular complications. Finally, we
aim at exploring whether CGA might be a potential tool to evaluate the risk of CVEs in elderly
patients and its association to other recognized clinical and echocardiographic parameters.
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2. Materials and Methods
2.1. Study Design

In this analysis, we enrolled 108 consecutive elderly (age > 65 years) patients
pooled from our recently published single-center prospective study performed in our
cardio-oncology unit in the Department of Translational Medical Sciences, Federico II
University, Naples, Italy [19,20]. The protocol was approved by the local ethics committee,
and the study was conducted following the Helsinki Declaration principles, and all patients
signed a written informed consent form to participate in this study. Most of the patients
included in the study were enrolled consecutively in our unit from major oncology
university clinics such as the Hematology and Oncology Divisions of the Department
of Clinical Medicine and Surgery of the Federico II University Hospital of Naples and
the Division of Oncology and the Department of Precision Medicine of Luigi Vanvitelli
University of Campania, Naples, Italy. Some patients were enrolled from smaller oncology
units in our region. Inclusion criteria were age > 65 years; patients with recent cancer
diagnosis eligible for anticancer therapies, patients already on oncologic regimens, or
patients who had formerly received antineoplastic therapies; and availability of at least two
visits in our cardio-oncology unit at least 1 month apart from one another.

2.2. Cardio-Oncologic Assessment

The cardiovascular assessments included complete patient history, lifestyle (diet,
activity, and smoking habits), family history of heart disease, any comorbidities and
concomitant treatments, and previous diseases and therapies; full physical examination,
blood pressure measurement, and resting 12-lead ECG; and 2D echocardiography [21] and
blood tests, including biomarkers such as N-terminal pro-brain natriuretic peptide and
cardiac Troponin I [22,23]. Conventional transthoracic 2D echocardiographic examinations
were performed with a Philips iE33 ultrasound equipment (Phillips Healthcare, Andover,
MA, USA). Images were obtained using a 3.4 MHz transducer, with subjects in the left
lateral decubitus position. According to the American Society of Echocardiography (ASE)
and European Association of Cardiovascular Imaging (EACVI) recommendations, standard
subxiphoid, apical, and parasternal windows were visualized to acquire 2D images of the
heart chambers, color, and pulsed-wave and continuous-wave Doppler measurements to
assess diastolic and systolic cardiac function [24,25]. To assess heart function, we analyzed
left ventricular ejection fraction (LVEF), which was visualized from the apical four-chamber
and two-chamber views, with the modified Simpson’s rule [25,26].

2.3. Clinical Characteristics of the Study Population

As previously described [19], our population was divided into 3 clinical types
according to their oncologic status at the first CV assessment:
e  Group 1: subjects with recent cancer diagnosis and naive for anticancer regimens.
e  Group 2: subjects undergoing antineoplastic protocols.
e  Group 3: subjects who had already finished anticancer treatments.

2.4. Geriatric Evaluation

A total of 62 of the 108 patients also underwent a comprehensive geriatric multidimensional
assessment (CGA) which included
- TheMini-Mental State Examination (MMSE) for the evaluation of cognitive impairment [27];

e  The Geriatric Depression Scale (GDS) for the evaluation of depression [28];
o  The Cumulative Illness Rating Scale C (CIRS-C) for comorbidity [29];
e  The Cumulative Illness Rating Scale G (CIRS-G) for severity [29];
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e  The number of drugs used;

e Basic and Instrumental Activity of Daily Living (BADL and IADL) for the
evaluation of autonomy [30,31];

e A Mini Nutritional Assessment (MNA) for the evaluation of the risk of

malnutrition [32];

The Tinetti Scale for balance and gait evaluation [33];

The Short Physical Performance Battery (SPPB) [34];

A Physical Activity Scale for the Elderly (PASE) [35];

A Social Support Assessment (SSA) [36];

The Italian Frailty Index (IFI), derived from a validated scale used in a cohort of

New Haven (CT, USA) patients in the Yale Precipitating Events Project study [37]

and validated by Abete and coworkers in 2017 in a population of 1077 subjects

aged 65 years or older from Southern Italy [8].

These patients were then divided into two subgroups:

e  Subgroup A: survived patients;
e  Subgroup B: patients who died during follow-up.

2.5. Follow-Up Visits

Patients were assessed every 3 months until 1 year after the end of oncologic regimens,
then every 6 months for 5 years, and then once a year, or when clinically needed.

2.6. Outcomes

Considered outcomes were (1) new CV events during follow-up, including hospital-
izations for CV reasons, (2) new-onset CV events involving antineoplastic treatment
temporary suspension or modification, (3) CV events involving oncologic protocol
definitive suspension, and (4) death for all causes. Moreover, we also analyzed information
on CV therapy optimization (also known as the modification of CV drugs already
prescribed) or the de novo prescription of CV therapies. The diagnosis of new-onset CV
events was discussed by our expert team of specialists in cardio-oncology. Antineoplastic
treatments adjustments were collegially addressed with the referring specialist in oncology,
considering benefits and risks.

We then aimed to assess frailty by CGA by comparing CGA results among the
3 aforementioned groups of patients and discriminating them according to survival,
evaluating the correlation between CGA domains and cardiac function indicators, and
comparing echocardiographic parameters and CGA parameters according to survival.

2.7. Statistical Analysis

The normality of the distribution of the continuous variables was assessed by
means of the Kolmogorov-Smirnov test. The continuous variables are presented as the
mean = standard deviation (SD). The discrete variables are expressed as absolute number
and relative percentage. A comparative analysis between groups was performed using
ANOVA. Differences between groups were assessed by means of Student’s t test for
unpaired data. Linear regression was used for the continuous variables to evaluate
the correlation between cardiac function parameters, echocardiographic parameters,
as independent variables, and CGA results, as dependent variables. Differences were
considered statistically significant for p-values < 0.05. Statistical analysis was performed
using the Statistical Package for Social Science Statistics Version 24 (IBM, Armonk, NY,
USA). Univariate analysis was performed to assess the relationship between different
parameters and the risk of developing cardiovascular events during follow-up.
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Prior to enrollment, all patients provided informed consent, and the study was
conducted in accordance with the principles of the Declaration of Helsinki.

3. Results
3.1. Cardiovascular Characteristics of Patients

From January 2015 to February 2020, a total of 108 subjects met the inclusion criteria
and were enrolled in the study. Table 1 describes the clinical and oncologic characteristics of
the patients. Group 1 patients, including subjects naive for oncologic treatments, comprised
the large part of our study population. Table 1 shows that no significant differences were
found between the three groups.

Table 1. Clinical and oncological characteristics of the population.

All Group 1 Group 2 Group 3

Variables (1 = 108) (1 = 54) (1 = 34) (1 = 20) p-Value
Age 73.55 £543 73.32 £5.40 73.46 £ 5.09 7434 £ 6.23 1
Female, n (%) 44 (40.7) 18 (33.3) 15 (44.1) 11 (55) 0.211
Comorbidities

Diabetes mellitus, 1 (%) 30 (27.7) 16 (29.6) 8 (23.5) 6 (30) 0.844
Hypertension, n (%) 83 (76.8) 44 (81.4) 25 (73.5) 14 (70) 0.466
Dyslipidemia, 7 (%) 49 (45.3) 25 (46.2) 16 (47) 8 (40) 0.903
Dysthyroidism, n (%) 9(8.3) 4(7.4) 3(8.8) 2 (10) 0.903
Active smoking, n (%) 16 (14.8) 7 (12.9) 7 (20.5) 2 (10) 0.585
Previous smoking, n (%) 37 (34.2) 23 (42.5) 8 (23.5) 6 (30) 0.188
LV dysfunction, n (%) 24 (22.2) 8 (14.8) 12 (35.2) 4 (20) 0.087
Atrial fibrillation, n (%) 17 (15.7) 9 (16.6) 5(14.7) 3 (15) 1
COPD, 1 (%) 15 (13.8) 11 (20.3) 2 (5.8) 2 (10) 0.164
Carotid atherosclerosis, 1 (%) 29 (26.8) 16 (29.6) 8 (23,5) 5 (25) 0.843
BMI 25-29.9 overweight, n (%) 47 (43.5) 27 (50) 11 (32.3) 9 (45) 0.286
BMI > 30, obese, n (%) 14 (12.9) 7 (12.9) 4(11.7) 3 (15) 1
Heart failure, n (%) 24 (22) 8 (15) 12 (35) 4 (20) 0.077
Previous MI, n (%) 20 (19) 13 (24) 5 (15) 2 (10) 0.302
Arrhythmias, n (%) 23 (21) 12 (22) 7 (21) 3(15) 0.790
Cancer type

Colon, n (%) 42 (38.9) 25 (46.3) 14 (41.2) 3 (15) 0.038
Gastric, 1 (%) 7 (6.5) 3(5.6) 1(2.9) 3 (15) 0.242
Genital, n (%) 1(0.9) 1(1.9) 0(0) 0(0) 1
Larynx, #n (%) 3(2.8) 2(3.7) 1(2.9) 0(0) 1
Hodgkin’s lymphoma, n (%) 4(3.7) 3(5.6) 0 (0) 1(5) 0.398
Non-Hodgkin’s lymphoma, # (%) 10 (9.3) 7 (13.0) 0 (0) 3(15) 0.049
Tongue, n (%) 2(1.9) 1(1.9) 1(2.9) 0 (0) 1
Breast, n (%) 13 (12.0) 2(3.7) 6 (17.6) 5 (25) 0.015
Melanoma, n (%) 4(3.7) 3(5.6) 1(2.9) 0 (0) 0.818
Ovarian, n (%) 1(0.9) 0(0) 1(2.9) 0(0) 0.5
Pancreas, 1 (%) 3(2.8) 0(0) 2 (5.9) 1(5) 0.172
Parotid, n (%) 1(0.9) 1(1.9) 0 (0) 0 (0) 1
Pleura, n (%) 1(0.9) 0 (0) 1(2.9) 0 (0) 0.5
Polycythemia vera, n (%) 1(0.9) 0 (0) 1(2.9) 0 (0) 0.5
Lung, n (%) 7 (6.5) 2 (3.7) 3(8.8) 2 (10) 0.390
Prostate, n (%) 4(3.7) 2(3.7) 1(2.9) 1(5) 1
Kidney, n (%) 1(0.9) 0 (0) 0 (0) 1(5) 0.185
Sarcoma, n (%) 1(0.9) 1(1.9) 0(0) 0(0) 1
Thyroid, n (%) 1(0.9) 1(1.9) 0(0) 0(0) 1
Biliary tract, n (%) 1(0.9) 0 (0) 1(2.9) 0 (0) 0.5
Anticancer drugs (ongoing or previously taken), n (%)

VEGF-based and/or EGFR-based protocols

(£ PA £ PDC = other chemotherapeutic agents) 29(268) 12(22) 16 (47) 1) 0.002
PA-based and/or PDC-based protocols

(£ other chemotherapeutic agents) 33(30.5) 21(388) 8(23.5) 4(20) 0.184
Anthrac clines—baseg protocols 9 (8.3) 2(3.7) 5(14.7) 2 (10) 0.160
Non-anthracyclines-based schemes for lymphomas 8(7.4) 7 (12.9) 0 1(5) 0.056
MEKi + BRAFi 1(0.9) 0 1(2.9) 0 0.500
Immunotherapy 7 (6.4) 50.2) 0 2 (10) 0.144
Hormone-based protocols 3(2.7) 0 0 3(15) 0.006
Others 18 (16.6) 7 (12.9) 4(11.7) 7 (35) 0.072

Discrete variables are expressed as absolute number (percentage). Continuous variables are expressed as the
mean =+ standard deviation, as they are normally distributed. List of abbreviations: BRAFi, BRAF inhibitors; BMI,
body mass index; COPD, chronic obstructive pulmonary disease; EGFR, endothelia growth factor receptor; LV, left
ventricular; MEKi, Mitogen-activated protein kinase inhibitors; MI, myocardial infarction; PA, purine analogues;
PDC, platinum-derived compounds; VEGF, vascular endothelial growth factor.
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3.2. Cancer Characteristics and Protocols

Data on cancer characteristics, including antineoplastic protocols, are presented in
Table 1. In particular, 42 patients (38.9%) had colon cancer; a total of 14 patients (12.9%) had
lymphomas, and 13 patients (12%) were affected by breast cancer. Data concerning other
cancer sites are shown in Table 1.

Thirty-three patients (30.5%) were administered with oncologic regimens, including
pyrimidine analogues and/or platinum-derived compounds, eventually in association
with other anticancer drugs (i.e., irinotecan, taxanes, etoposide, and gemcitabine). A total of
26.8% of patients were administered with oncologic regimens, including endothelial growth
factor receptor inhibitors and /or VEGF-I (vascular endothelial growth factor inhibitors),
eventually along with different drugs (i.e., platinum-derived compounds, taxanes,
irinotecan, pyrimidine analogues, gemcitabine, and etoposide). Further information about
specific anticancer treatments according to the patients” group is shown in Table 1.

3.3. Outcomes

Outcomes data for the whole cohort and for each patient group are shown in
Table 2. Thirty-two patients (29.6% of the total, 65.6% of whom from Group 2) presented
with CV events during follow-up. Twelve patients (ten from Group 2) showed CV events
of such severity that they required antineoplastic regimen temporary suspension or
modification, and three patients, all part of Group 2, presented with severe CV events,
leading to definitive antineoplastic treatment suspension. Among CV events presented, the
most common were new-onset arterial hypertension, subclinical (increase in N-terminal
pro-brain natriuretic peptide levels [23]) or clinical worsening of LV function (decrease
of LVEF [21]) during the administration of antineoplastic treatments, and deep vein
thrombosis during chemotherapy administration. The univariate analysis showed that
Group 2 was independently associated with a higher risk of developing CV events during
follow-up (OR 9.154 [2.237-37.451]; p = 0.002). We registered thirty-two deaths from all
causes during our follow-up, of which 50% (16 patients out of 32) belonged to Group 2. The
Kaplan—-Meier curves stratified for the three types suggest that Group 2 patients present
worse 48-month survival (p-value = 0.05) (Figure 1). As shown in Figure 2, Kaplan-Meier
curves according to the three types suggest that Group 2 patients present a higher incidence
of CV events during follow-up (log rank p value < 0.001).

_ - Groups
|
i — | Group 1
| =g I
L‘***—‘** 1 T Group 2
0.8 L ) S 1 Group 3
~+ + e+ +
r
+
it —+
b
0.6 l
0.4 71
0.2
0
0 10 20 30 40 50 €0
Months
Number at risk
Group 1 54 14 13 9 1 1 1
Group 2 34 12 3 2 0 0 0
Group 3 20 5 2 S 4 0 0

Figure 1. Kaplan—-Meier curves for survival according to the three group of patients.



J. Clin. Med. 2025, 14, 3257

7 of 18

1.0
Group 1
-~ Group 2
Group 3
o 08
3
]
E3
2
S 06
o
=
-~
3
©
v
£ 0.4
@
>
@
0.2
0
0 10 20 30 40 50 60
Follow-up time, months
Number at risk
- 1Group 1
= 1Group 2 53 44 34 24 14 4 0
Group 3 33 24 14 4 0 0 0
19 10 0 0 0 0 0

Figure 2. Kaplan—-Meier curves for CV event incidence according to the three group of patients.

Table 2. Clinical outcomes according to the three groups.

All (n =108) Group 1 (n = 54) Group 2 (n = 34) Group 3 (n = 20) p-Value

CVEs during follow-u. , 1 ((')/0) 32 (29.6) 8 (14.8) 21 (61.8) 3(15) <0.001

tCamcer treatment mo 1f1ca},t10n or 12 (11.1) 2(3.7) 10 (29.4) NA <0.001
emporary suspension, # (%)

Cancer treatment withdrawal, n (%) 3(2.8) 0(0) 3(8.8) NA 0.035
Death for all causes, 1 (%) 32 (29.6) 12 (22.2) 16 (47.1) 4 (20) 0.034

List of abbreviations: CVE, cardiovascular events.

3.4. Cardiovascular Events During Follow-Up and Treatment Implementations

During follow-up, 11 patients (10.1%), including 4 from Group 1, 5 from Group 2, and
2 from Group 3, were diagnosed with arterial hypertension. Four patients (3.7%), two from
Group 1, one from Group 2, and one from Group 3, received a diagnosis of heart failure with
reduced ejection fraction (HFrEF), and four patients (3.7%), three of whom were from Group
1 and one from Group 2, developed atrial fibrillation. Six patients (5.5%), 3 from Group 1,
1 from Group 2 and 2 from Group 3, developed deep vein thrombosis. Finally, a Group 2
patient had an acute myocardial infarction. Table 3 shows the changes in CV medications
prescribed during follow-up. Indeed, numerous patients underwent an optimization of their
pre-existing cardiac therapies. Nineteen subjects (17.6%) up-titrated beta-blockers. For eight
patients (7.4%), we increased the dose of an angiotensin-converting enzyme inhibitor. In six
patients, we up-titrated the dosage of angiotensin receptor blockers. Antiplatelet therapy
was increased in three patients (2.8%). Statins were up-titrated in 13 patients (12%), as it was
the dosage of diuretics in 6 patients (5.6%). The calcium channel blocker dose was increased
in five patients (4.6%). For one patient (0.9%) in Group 2, the dosage of an angiotensin
receptor neprilysin inhibitor (ARNI) was increased.

Additionally, 31 patients (28.7%) started beta-blockers. Seven patients (6.5%) started
angiotensin-converting enzyme inhibitors. In five patients (4.6%), angiotensin receptor
blockers were newly prescribed. Moreover, 33 patients (30.6%) started antiplatelet therapy,
and 27 patients (25%) started statins. Furthermore, 22 patients (20.4%) started diuretics,
and 8 patients (7.4%) started calcium channel blockers. Finally, 12 subjects (11.1%) started
anticoagulation treatment, and 2 patients (1.9%) were prescribed with an ARNL
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Table 3. Modifications of cardiovascular therapies in the study cohort during follow-up.
All Group 1 Group 2 Group 3
(n = 108) (1= 34) (1= 38 01 = 20) p-Value
Cardiovascular treatment optimization
Beta-blockers, n (%) 19 (17.6) 9 (16.7) 7 (20.6) 3 (15) 0.892
ACE-inhibitors, n (%) 8(7.4) 4 (7.4) 2(5.9) 2 (10) 0.792
ARBs, n (%) 6 (5.6) 2(3.7) 2 (5.9) 2 (10) 0.792
ARNIs, 1 (%) 1(0.9) 0 (0) 1(2.9) 0(0) 0.5
Diuretics, n (%) 6 (5.6) 50.3) 0(0) 1(5) 0.228
Calcium channel blockers, 1 (%) 5(4.6) 4(7.4) 1(2.9) 0 (0) 0.580
Statin, n (%) 13 (12) 9 (16.7) 3(8.8) 1(5) 0.356
Antiplatelet, n (%) 3(2.8) 1(1.9) 2(5.9) 0 (0) 0.582
Cardiovascular treatment initiation
Beta-blockers, n (%) 31 (28.7) 15 (27.8) 11 (32.4) 5 (25) 0.883
ACE-inhibitors, n (%) 7 (6.5) 2(3.7) 2(5.9) 3 (15) 0.520
ARBs, 1 (%) 5 (4.6) 3(5.6) 2 (5.9) 0(0) 0.705
ARNIs, n (%) 2(1.9) 0 (0) 2 (5.9) 0(0) 0.130
Diuretics, 1 (%) 22 (20.4) 9(16.7) 7 (20.6) 6 (30) 0.436
Calcium channel blockers, 7 (%) 8(7.4) 5(9.3) 0(0) 3(15) 0.067
Statin, n (%) 27 (25) 15 (27.8) 8 (23.5) 4 (20) 0.837
Antiplatelet, (%) 33 (30.6) 16 (29.6) 13 (38.2) 4(20) 0.396
Anticoagulation, n (%) 12 (11.1) 7 (13) 3(8.8) 2 (10) 0.918

List of abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers; ARNIs,
angiotensin receptor-neprilysin inhibitors.

3.5. Comprehensive Geriatric Assessment

Out of the 108 patients, 62 underwent a comprehensive geriatric assessment (CGA) at
the first cardiology visit (mean age 73.55 & 5.41 years, 38 (61.3%) men).

There were no differences in terms of clinical and echocardiographic characteristics
between patients who presented and those who did not present the CGA (Table 4). Furthermore,
correlation analyses between CGA variables and clinical and echocardiographic parameters
were performed solely on those presenting the CGA.

Table 4. Differences in terms of characteristics between patients with the CGA and those without.

With CGA No CGA

(n=62) (1 = 46) p-Value

Age, years 73+5 7416 0.809
Female, 1 (%) 24 (39) 20 (43) 0.844
SBP, mmH 135+ 19 134 + 16 0.847
DBP, mmI—?g 80 + 11 81 +10 0.725
HR, bpm 72 £17 72+ 18 0.881
LVEEF, % 53 +38 52+9 0.648
Hypertension, # (%) 47 (76) 36 (78) 0.765
Diabetes, n (%) 20 (33) 10 (21) 0.202
Obese, 1 (%) 7 (12) 7 (15) 0.774
Death, 1 (%) 19 (31) 13 (28) 0.832
Dyslipidemia, n (%) 30 (49) 19 (40) 0.437
HEF, n (%) 13 (21) 11 (23) 0.819
Group 1, n (%) 30 (49) 24 (51)

Group 2, n (%) 17 (28) 17 (36) 0.352
Group 3, n (%) 14 (23) 6 (13)

Beta blockers, n (%) 31 (51) 23 (49) 1.000
ARBs, 1 (%) 14 (23) 19 (40) 0.060
ACE-, n (%) 28 (46) 15 (32) 0.168
Statins, 1 (%) 22 (38) 15 (33) 0.681
diuretics, n (%) 18 (30) 19 (40) 0.307
CCBs, n (%) 17 (28) 10 (21) 0.505

List of abbreviations: ACE-I, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers;
CCBs, calcium channel blockers; CGA, comprehensive geriatric assessment; DBP, diastolic blood pressure; HF,
heart failure; HR, heart rate; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure.

According to the frailty index, our population showed mild frailty [8], but no
impairment of cognitive function was assessed using MMSE, and no depression was
assessed with the GDS. Furthermore, our patients showed less than one lost function
among BADL and less than two lost functions among IADL, indicating a low risk of
falls according to the Tinetti scale, with reduced SPPB and PASE scores. Finally, based on
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MNA, our population was at risk of developing malnutrition due the presence of the mild
comorbidity index according to CIRS. Polypharmacotherapy was also assessed, showing
an average of 6.7 £ 3.3 drugs per prescription (Table 5).

Table 5. Comprehensive geriatric assessment (CGA) according to the groups.

. All Group 1 Group 2 Group 3
Variables (1 = 62) (1 = 3%) 1 = 1%) 1 = 1}2) p-Value
Age, yrs 7355 +541 7363 +486 73.69+541 73.19+6.81 0.962
Females, n (%) 25 (40) 11 (37) 8 (44) 6 (43) 0.847
NYHA-FCII-V,n (%) 2(3.2) 1(3.3) 0 1(7.1) 0.618
MMSE 264 +34 264+ 3.6 258 £2.7 273+£34 0.445
GDS 39+£36 34+£32 52+44 34+29 0.219
BADL 07+11 0.5£0.9 09+12 07+£15 0.554
IADL 19+24 14+21 27+28 22+25 0.181
TINETTI 245+41 252+34 23+5 25+37 0.164
SPPB 7+34 7.6 £32 62+£37 6.7£35 0.361
MNA 235+37 23.43 £3.8 233£3.9 241+£35 0.814
CIRS-C 45+19 5+19 41+18 42+2 0.234
CIRS-G 21£07 22+1 2+04 1.8+03 0.278
Drug number, n 6.7 +33 6.7+3 71+3.1 6.5+ 44 0.876
PASE 78.6 + 64.7 89.9 £65.8 46.2 £55.3 93.3 £63.1 0.060
SSA 56£26 52+£23 64+£3 55+25 0.292
IFI 122+7 10.7 + 5.75 141+79 127 + 8 0.255

List of abbreviations: BADL, Basic Activity of Daily Living; CIRS-C, Cumulative Illness Rating
Scale—Comorbidities; CIRS-G, Cumulative Illness Rating Scale-Geriatric; GDS, Geriatric Depression Scale; IADL,
Instrumental Activity of Daily Living; IFI, Italian Frailty Index; MMSE, Mini-Mental State Examination; MNA,
Mini Nutritional Assessment; NYHA-FC, New York Heart Association-functional class; PASE, Physical Activity
Scale for the Elderly; SSA, Social Support Assessment; SPPB, Short Performance Physical Battery; TINETTI, Tinetti
Scale for balance and gait evaluation.

3.6. CGA and Echocardiographic Measurements

Concerning the CGA, patients in Group 2 showed lower mean values for the Tinetti,
SPPB, PASE, and MNA scales, indicating the presence of increased risk of malnutrition,
sedentary lifestyle, and low physical performance. In addition, the frailty index was higher
in patients from Group 2, while the values of CIRS-G only showed a mild degree of
comorbitities. The evaluation of the echocardiographic parameters shows that the mean EF
of patients belonging to Group 2 is lower than that of Groups 1 and 3. The CGA results
according to each group are reported in Table 5, while echocardiographic measurements
are shown in Table 6.

Table 6. Echocardiographic parameters according to groups.

All Group 1 Group 2 Group 3
(n = 62) (1 = 30) 1o 18) (= 12) p-Value

LV-IDd, mm 49 £5.7 48,5+ 5.1 496 +7 50.2 5.2 0.615
LV-STd, mm 11+15 10.7 £ 1.4 10.7 £ 1.4 109 +1.7 0.94

LV-PWTd, mm 9+1.1 9.6 £ 1.1 9+13 93+1 0.313
RWT 0+ 0.05 0.3 +0.05 0.3 +0.06 0.3 +£0.05 0.339
LV mass i, g/mz 103 + 23.2 102.8 +£21.2 100 =274 104.1 =244 0.884
LV-EDVi, mL/m? 56 + 14.7 532 +12.5 56.7 +17.1 60.8 = 15.3 0.275
LV-EF, % 53 +£7.7 547 £55 49.7 £9.3 51.8 -84 0.079
E wave, cm/s 65 +21.9 71.1 £22.8 61.1 +19.22 56.9 4+ 20.9 0.089
A wave, cm/s 83 +26 83.8 £24.2 81.7 = 30.8 82.8 £24.3 0.964
Dec Time, ms 241 +£72.1 2449 + 73.6 2252 + 785 247.3 + 66 0.615
E/A 1+03 08+0.3 08+0.3 0.6 +0.2 0.167
E/e 19 +42 94 +3 109 £5.1 10.6 + 4.8 0.447
LAVi, mL/m? 37 +£10.8 38 £11.5 34.6 + 8 39.1 £ 12.5 0.458
TAPSE, mm 21 +34 21.2+34 219 +42 203 +£2 0.443
S, ecm/s 12+27 121+26 12.8 +£3.5 127+ 1.8 0.652
PASP, mmHg 32 +£10.1 31.4+96 30.5 + 10 34.1 £11.7 0.598

List of abbreviations: Dec time, deceleration time; IDd, internal diameter during diastole; LAVi, left atrial volume
indexed; LV-EDVij, left ventricular-end diastolic volume indexed; LV, left ventricle; LV-EF, left ventricular ejection
fraction; PASP, pulmonary arterial systolic pressure; PWTd, posterior wall thickness during diastole; RWT, relative
wall thickness; STd, septum thickness during diastole; TAPSE, tricuspid annular plane systolic excursion.



J. Clin. Med. 2025, 14, 3257

10 of 18

We then further stratified our population according to survival: Subgroup A, including
patients alive at the end of our follow-up, and Subgroup B, including the 19 patients (31%)
who died from all causes during the study period.

Comparing the CGA results, patients in Subgroup B presented with a larger number
of prescribed drugs compared to subgroup A (p = 0.035), while PASE was lower, which is
suggestive of a sedentary lifestyle (p = 0.004) (Table 7). In addition, patients belonging to
Subgroup B, compared to Subgroup A patients, displayed a trend towards a higher risk of
malnutrition (p = 0.073), worsen physical performance (p = 0.060), and less autonomy in
basic and instrumental activities of daily life (p = 0.074 and p = 0.071, respectively).

Table 7. Comprehensive geriatric assessment (CGA) between survived patients (subgroup A) and
patients who died (subgroup B).

Variables Subgroup A Subgroup B

(n = 43) (n = 19) p-Value
MMSE 26.1 + 3.6 272+ 2.6 0.263
GDS 3.6+36 47 +35 0.268
BADL 04407 1.2+17 0.074
IADL 1.6 £23 28+27 0.071
TINETTI 2514+ 3.6 232+ 4.8 0.103
SPPB 75+32 47 + 3.6 0.060
MNA 241+ 3.3 222 +43 0.073
CIRS-C 44+2 48 +17 0.379
CIRS-G 21409 21+04 0.988
Drugs number, n 6126 84+42 0.035
PASE 93.8 + 62.3 41.8 + 53.3 0.004
SSA 55427 59+24 0.555
IFI 11.6 £ 6.6 13.5+78 0.338

List of abbreviations: BADL, Basic Activity of Daily Living; CIRS-C, Cumulative Illness Rating
Scale—Comorbidities; CIRS-G, Cumulative Illness Rating Scale-Geriatric; GDS, Geriatric Depression Scale; IADL,
Instrumental Activity of Daily Living; IFI, Italian Frailty Index; MMSE, Mini-Mental State Examination; MNA,
Mini Nutritional Assessment; PASE, Physical Activity Scale for the Elderly; SSA, Social Support Assessment;
SPPB, Short Performance Physical Battery; TINETTI, Tinetti Scale for balance and gait evaluation.

Comparing echocardiographic measurements, there was no difference in terms of EF,
but Subgroup B patients presented with a thicker interventricular septum, which is with a
higher LV mass (respectively p = 0.009 and p = 0.036) (Table 8).

Table 8. Echocardiographic measurement comparison between survived patients (subgroup A) and
patients who died (subgroup B).

Subgroup A Subgroup B
(ng= 431; (ng= 19})) p-Value
LV-IDd, mm 488 £5.6 50.1 £5.9 0.435
LV-STd, mm 104 +1.4 11.5+14 0.009
LV-PWTd, mm 93+1.2 95+ 1.1 0.404
RWT 0.3 + 0.06 0.3 +0.04 0.627
LV massi, g/m2 972+ 19.1 113.2 + 28.5 0.036
LV-EDVi, mL/m? 56.6 £ 15.6 544 +12.6 0.578
LV-EF, % 525 +£8.2 528 £ 64 0.895
E wave, cm/sec 674 +22.3 59.5 +£ 20.5 0.197
A wave, cm/sec 80.6 + 21.8 87.6 + 33.2 0.341
Dec Time, ms 2329 +78.1 254 4+ 59.6 0.302
E/A 0.84+0.3 0.7 4+0.1 0.099
E/e’ 10.1 +44 10.1 £ 3.6 0.973
LAVi, mL/m? 385 +11.8 345478 0.192
TAPSE, mm 21.1+34 214 +3.6 0.808
S’, cm/sec 12427 133+ 2.6 0.111
PASP, mmHg 31.3+£94 327 £11.9 0.625

List of abbreviations: Dec time, deceleration time; IDd, internal diameter during diastole; LAVi, left atrial volume
indexed; LV-EDVij, left ventricular-end diastolic volume indexed; LV, left ventricle; LV-EF, left ventricular ejection
fraction; PASP, pulmonary arterial systolic pressure; PWTd, posterior wall thickness during diastole; RWT, relative
wall thickness; STd, septum thickness during diastole; TAPSE, tricuspid annular plane systolic excursion.
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3.7. Correlation Between Cardiac Function Indicators and CGA Results

Finally, physical activity evaluated using PASE showed a statistically significant
inverse correlation (p = 0.034) with the left ventricular mass index. Patients with a sedentary
lifestyle showed cardiac hypertrophy and increased diastolic filling pressures.

The frailty index showed a statistically significant direct correlation (p = 0.005) with
E/e’ at echo.

4. Discussion

Along with the aging of the world population, there is an increase in the prevalence
of CVDs and cancer [38—42]; indeed, more subjects are referred to cardio-oncology
units [43—46]. Our real-world study assesses the clinical characteristics of subjects referred
daily to our cardio-oncology unit from two major oncology university clinics (Federico
II University and Vanvitelli University, both in Naples, Italy) and from smaller oncology
units in our region, describing clinical challenges that we face with these patients. This
work underlines the pivotal role of a strict cardiovascular follow-up in elderly oncologic
subjects, including a meticulous baseline CV evaluation, as recommended by the 2022
ESC guidelines on cardio-oncology [20], thereby tailoring follow-ups to patients” specific
characteristics [21,23].

Data from the current work further consolidate the knowledge that an accurate
baseline cardiovascular assessment is fundamental to guarantee the completion of
anticancer treatment, even more so when dealing with fragile patients, such as the elderly
population. In particular, as shown in the Kaplan-Meier curve, the survival of patients who
are referred to our unit when already on anticancer treatments (Group 2) is significantly
worse compared to the other two groups (Figure 1).

As already shown in our previous work [19], the baseline evaluation by an experienced
cardio-oncology unit is pivotal for oncologic patients, and this is even more true when
dealing with more fragile patients, such as patients with overt CVDs or elderly patients,
as shown in the current manuscript. Furthermore, it is well known that among the
antineoplastic drugs administered to our cohort of patients, there is a plethora of side
effects that might impair the completion of oncologic protocols [47]. For this reason, a
thorough evaluation of each patient at baseline is pivotal.

The management of oncologic elderly patients experiencing concomitant CVDs is
burdened by multiple difficulties. Indeed, as for patients with overt CVDs, elderly comorbid
patients are often excluded from randomized clinical trials. Furthermore, the up titration of
many cardiovascular drugs might be a slow process, even more so in elderly patients that
might experience more side effects compared to younger subjects.

The CGA is a clinical instrument to evaluate the functional burden of diseases.
Disability, evaluated using BADL and IADL, is reported to be an important prognostic
stratification tool and is more effective than multimorbidity, as it remarkably affects
mortality, independently from age and other functional and clinic variables [48]. The
correlation between gait speed and survival is also well known, and gait speed has been
described as a simple and feasible indicator of elderly patients” health [49]. Chiarantini and
colleagues showed that physical performance, evaluated using SPPB, is an independent
predictor of long-term survival in elderly subjects admitted to the hospital for heart
failure [50]. In the subset of patients for whom the CGA evaluation was available, we
demonstrated that patients who died during follow-up performed worse at the CGA,
underlying the important role that a comprehensive multimodal evaluation including the
CGA could play in elderly oncologic patients. In particular, patients who died during our
follow-up displayed significant differences in several CGA scales vs. patients who survived,
indicating higher numbers of administered drugs and lower physical activity (PASE).
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The MNA result scores indicate a higher risk of malnutrition. These results are
consistent with many studies that point out that weight loss and malnutrition are associated
with dose-limiting chemotherapy toxicity and mortality in cancer patients [51], with
polypharmacy being related to several clinical outcomes including adverse drug reactions,
falls, frailty, hospitalization, postoperative complications, and mortality [52]. Nutrition
interventions have been showed to be effective in reducing mortality in cancer patients,
suggesting a key role of nutritional screening in the context of a geriatric assessment [53]. It
is reported that increasing physical activity could lower cancer-related mortality, and
physical activity programs during cancer treatments can be safe and feasible, reduce
fatigue, limit weight gain, and increase the quality of life [54-56]. These findings highlight
the importance of investigating physical activity level in order to include interventions
targeting its improvement in the management of cancer patients.

The comorbidity indexes CIRS-C and CIRS-G were only mildly affected, but this
is probably due to the fact that the CIRS scale does not include cancer among the
items. Many studies describe the prognostic value of functional status and comorbidities
on survival, pointing out the importance of detecting patients without irreversible or
severe comorbidities who have a long life expectancy, as they are eligible to receive full
treatment regimens [57-61]. On the other hand, the use of evaluation scales should not bring
the risk of under-treating patients; a multidisciplinary approach involving geriatricians
and haemato-oncologists is therefore necessary in the management of elderly cancer
patients [57].

Frailty is related to worse clinical outcomes in elderly patients, particularly those
with heart failure, for whom a systematic evaluation of frailty is recommended and
plays a key role in the therapeutic decision-making process and the rehabilitation
program [11]. In a meta-analysis involving 6896 patients, Denfeld and coworkers pointed
out that heart failure, regardless of age, is associated with a higher prevalence of frailty,
compared to the one observed in community-dwelling “oldest-old” subjects [11]. How
cardiovascular dysfunction can contribute to frailty is still unclear. The ARIC study,
conducted on 3991 older adults, aimed to clarify the relationship between frailty
and cardiovascular function and assessed whether such association is independent
of comorbidities, and it reported that frail patients showed a higher prevalence of
abnormal cardiac parameters, compared to non-frail and prefrail subjects, and several
cardiac alterations, including left ventricular hypertrophy. Reduced global longitudinal
strain and higher left atrial volume index scores were independently associated with
frailty. These findings allowed us to hypothesize that cardiovascular dysfunction could
concur to the pathophysiology of frailty [62]. In the present study, we evaluated the
correlation among several echocardiographic indicators of cardiac function and each of
the CGA items. Interestingly, physical activity evaluated using PASE showed a significant
inverse correlation with the left ventricular mass index, indicating that the lower the
physical activity, the higher the left ventricular mass index. The frailty index showed a
significant directly correlation with E/e’, a marker of ventricular stiffness.

Our analysis shows that patients with worse cardiac performance in terms of diastolic
and systolic function have reduced physical activity and higher frailty index scores,
characteristics of patients who died during the study.

These findings support the importance of further investigating the association between
cardiopulmonary function and functional capacity, especially in older subjects, whose
functional decline is part of the frailty setting as a real geriatric syndrome [9]. Interestingly,
in a 2018 study conducted on 191 elderly subjects by Kusunose and coworkers, frail
patients, compared to non-frail, were more likely to have larger left atrial size, lower
stroke volume, and worse diastolic dysfunction, and frailty was associated with future
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cardiovascular events [63,64]. Our findings were consistent with these results, pointing
out that the assessment of frailty using the CGA could be a simple, feasible, and low-cost
screening tool to identify patients in an onco-geriatric setting who are more likely to have
cardiac dysfunction [63-65], thereby helping to establish the priority of further investigation
and/or the need for a more stringent follow-up.

As for the timing of follow-ups, considering that members of our research group
actively participated in the drafting of the 2022 ESC cardio-oncology guidelines, for
the present study, we applied the same suggestions available in the aforementioned
document [20].

Finally, identifying the association between PASE and heart function could be worth
it to implement adapted physical activity in elderly cancer patients, as it is well known
that exercising regularly exerts a beneficial effect not only on mental health but also on
cancer response [65,660]. Necessarily, new approaches to examine physical status and frailty
in elderly patients are emerging, so it could be interesting to further investigate how and
if these new tools, eventually based on artificial intelligence, and approaches might be
helpful in this field [67,68].

5. Limitations

Among the limitations of our work, the most important is the rather small sample
size, taking into account that the enrolled subjects are further stratified into smaller
groups according to survival during follow-up. Such limited number of patients might
negatively affect the strength of our results, and our study’s generalizability is particularly
limited. Indeed, further research is needed to expand the knowledge on cardiovascular
care in elderly cancer patients.

Even though our patients are mainly referred from two major oncology university
clinics in Naples (and from other smaller oncology services in the Naples area), this is a
cardiologic—-monocentric descriptive analysis.

In addition, patients were treated with very heterogeneous therapies, and different
forms of cancer were included, which complicates intergroup analysis. Unfortunately,
because of the relatively small number of patients and the heterogeneity of their
antineoplastic treatment, it was not possible to stratify patients according to antineoplastic
protocols; thus, it was not possible to explore the specific effect of each antineoplastic
agent. In the future, we aim to perform a multicenter study by expanding our approach to
other cardio-oncology units to address institutional biases and manage the impact of patient
population demographics on the results. This way, we may validate our results in cohorts
of different patients and explore specific relationships between each oncologic protocol
and CGA. In our study, the cancer type distribution does not completely overlap the
cancer type distribution in Italy, as our population is mostly composed of elderly patients
with colorectal cancer. This represents a limitation of the study, but on the other hand,
considering the overall age of our population, this does not come completely by surprise,
as colorectal cancer is one of the most common types of cancer in elderly patients. However,
these preliminary data strongly suggest that more attention should be given to CGA in
elderly cancer patients. Unfortunately, our patients underwent only one CGA at their first
cardio-oncologic evaluation in our clinic. In the future, we aim to explore the relevance of
multiple CGAs as part of elderly cancer patients’ follow-up to assess whether changes in
CGA over time might be predictive of outcomes in this setting.

In addition, we only collected scattered data regarding the biochemical and bio-humoral
characteristics of the patients at the start of the study, such as troponin levels or
natriuretic peptides; hence, we could not correlate them to a prognosis. Finally, since
none of our patients died directly because of cardiovascular diseases, it is not easy
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to distinguish between direct and indirect cardiovascular deaths, especially in elderly
patients [69]. In particular, ageing is associated with an increased risk of cachexia and
muscular wasting [69]. Keeping in mind these considerations, elderly patients present
a high risk of developing CVEs due to anticancer treatment. The rate of such events is
significantly lower in those subjects referred to our cardio-oncology unit before starting
anticancer regimens, as there were no differences in terms of CV risk factors between
subjects in Group 1 and Group 2. These results support strict follow-up in high-risk CV
patients. Correcting CV risk factors and titration of therapy is fundamental for these patients
before starting oncologic treatment.

6. Conclusions

The present study suggests that CGA can help detect non-frail patients who are eligible
to receive full treatment regimen, but the use of evaluation scales should not bring the risk
of under-treating patients. Thus, a multidisciplinary approach involving geriatricians and
haemato-oncologists is necessary.

CGA could be a simple, feasible, and cost-effective screening tool to identify
patients who are more at risk of developing cardiac dysfunction in order to establish the
need for further investigation and/or for a more stringent cardio-oncology follow-up.
Further investigation is necessary to clarify how cancer, cardiovascular dysfunction, and
frailty interact.
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Abbreviations

The following abbreviations are used in this manuscript:

BADL Basic Activity of Daily Living; IADL

BMI body mass index

CIRS-C Cumulative Illness Rating Scale Cumulative—Comorbidities
CIRS-G Cumulative Illness Rating Scale Cumulative—Geriatric
COoPD chronic obstructive pulmonary disease

Dec Time deceleration time

GDS Geriatric Depression Scale

IADL Instrumental Activity of Daily Living

IDd internal diameter during diastole

IFI Italian fragility index

LAVi left atrial volume indexed

LV Left ventricle

LV-EDVi left ventricular-end diastolic volume indexed
LV-EF left ventricular ejection fraction

MMSE Mini-Mental State Examination

MNA Mini Nutritional Assessment

NYHA-FC New York Association-Functional Class
PASE Physical Activity Scale for the Elderly

PASP pulmonary arterial systolic pressure

PWTd posterior wall thickness during diastole
RWT relative wall thickness

SPPB Short Performance Physical Battery

SSA Social Support Assessment

STd septum thickness during diastole

TAPSE Tricuspid annular plane systolic excursion

TINETTI Tinetti Scale for balance and gait evaluation
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