International Journal of Clinical and Experimental Medicine Research, 2024, 8(2), 205-215

https: //www.hillpublisher.com/journals/ijcemr/
ISSN Online: 2575-7970
ISSN Print: 2575-7989

Prognostic Significance of the “Frailty Syndrome”
In Elderly Patients with Diastolic Dysfunction and
Heart Failure with Preserved Ejection Fraction

Lidija Veterovska Miljkovic

Specialized Hospital for Geriatric and Palliative Medicine “13 November”, Skopje, North Macedonia.

How to cite this paper: Lidija Veterovska
Miljkovic. (2024) Prognostic Significance
of the “Frailty Syndrome” in Elderly
Patients with Diastolic Dysfunction and
Heart Failure with Preserved Ejection
Fraction. International Journal of Clinical
and Experimental Medicine Research, 8(2),
205-215.

DOI: 10.26855/ijcemr.2024.04.003

Received: March 9, 2024
Accepted: April 6, 2024
Published: May 3, 2024

*Corresponding author: Lidija
Veterovska Miljkovic, Specialized Hospital
for Geriatric and Palliative Medicine “13
November”, Skopje, North Macedonia.

1. Introduction

Abstract

Introduction: The last several years have seen increasing interest in under-
standing cachexia, muscle wasting, and physical frailty across the broad spec-
trum of old patients with cardiovascular illnesses. This interest originally started
in the field of heart failure (HF). Moreover, “frailty syndrome” (FS) contributes
to increased mortality and hospitalization and reduced quality of life in HF.
Objectives: to determine the degree of association of the FS and its prognostic
utility in diastolic dysfunction (DD) and heart failure with preserved ejection
fraction in an elderly population. Material and methods: One hundred and
thirty-two patients > 65 years of age who had at least one cardiovascular risk
factor were prospectively examined at the Specialized Hospital for Geriatric and
Palliative Medicine “13th November” - Skopje. The degree of frailty was
determined with the Groningen Frailty Index (GFI questionnaire). DD and the
degree of HF were determined by transthoracic echocardiography according to
the latest recommendations of the European/American Society of Cardiology
and Echocardiography. Results: Patients' age had a significant effect on the de-
gree of frailty, with frail patients being significantly older than patients without
frailty. Regarding the comorbidities present, patients without frailty, moder-
ately frail, and marked frail did not differ significantly in terms of the frequency
of hypertension, dyslipidemia, and myocardial infarction, while they differed
significantly in regarding the frequency of stroke, heart failure, and diabetes
mellitus. FS was associated with a larger left atrial volume, a lower left
ventricular ejection fraction, and a higher degree of DD. During the 12-month
period, 15 patients (19.8%) of the study group had a new cardiovascular event
and death, all of whom had a high degree of FS, which significantly correlated
with the degree of DD and HF. Conclusions: FS and the degree of DD were
significantly correlated with each other and with future cardiovascular events
and death in an elderly population with heart failure with preserved ejection
fraction.
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across the broad spectrum of patients with cardiovascular illnesses. This interest originally started in the field of HF
but has recently been extended to other areas such as atrial fibrillation, coronary artery disease, peripheral artery
disease as well as to patients after cardiac surgery or transcatheter aortic valve implantation. Tissue wasting and frailty
are prevalent among many of the affected patients. The aging process itself and concomitant cardiovascular illness
decrease lean mass while fat mass is relatively preserved, making elderly patients particularly prone to developing
wasting syndromes and frailty [1].

Cardiovascular diseases (CVD) affect 60% of people over 60 years of age and are one of the main causes of death
in the world. Diagnosed CVD also triples the likelihood of FS. FS has become increasingly relevant in cardiology
and cardiac surgery and occurs in a significant number of patients with CVD, with prevalence ranging from 25% to
62% [2]. Viewed from a multidimensional, biopsychosocial perspective, FS increases a patient's vulnerability, making
them susceptible to several adverse clinical outcomes. FS also is a predictor of mortality in patients with CVD re-
gardless of age, severity of disease, multi-morbidity, and disability. FS potentially can be prevented in patients with
CVD and its early identification is important to avoid the development of disability, dependence on others, and re-
duced quality of life [2].

According to a systematic review and meta-analysis by Denfeld et al., the prevalence of FS in patients with HF
has been estimated to affect about 45% of the population. The prevalence of FS was not dependent on age and func-
tional classification [3]. There is a two-way relationship between FS and HF. Patients with HF are up to six times
more likely to have FS, and people with FS have a significantly increased risk of developing HF [4].

Moreover, FS contributes to increased mortality and hospitalization and reduced quality of life in HF [5] The path-
ophysiological mechanisms underlying FS in HF are largely hypothesized, but likely relate to increased inflammation,
impaired neurohormonal function, and/or metabolic/skeletal muscle dysfunction [6, 7].

The aging of the population and life prolongation have led to an increased prevalence of HF [8]. Despite advances
in modern therapy, mortality and rehospitalization rates for HF remain unacceptably high [9]. The crucial task is to
develop new lines of examination in HF and identify patients who can benefit from preventive treatment before the
onset of overt HF. Frailty is defined as a reduced capability to recover from pathological or iatrogenic stressors due
to aging-related impairments [10, 11]. Frailty is a highly prevalent condition in older adults and specifically among
those with CVD [12]. A high prevalence of frailty in HF and high mortality have been noted in frail adults [8, 9].
Frailty might be useful to detect the early stage of cardiac dysfunction, but the relationship between frailty and cardiac
function is not well recognized[10, 11].

Echocardiography can determine the underlying background pathophysiology and severity of HF, and it also helps
clinicians to estimate prognosis [13, 14]. In the evaluation of HF and of the progression of CVD classification of left
ventricular (LV) diastolic dysfunction (DD) is important[15].

Therefore, the aim of this study was to characterize the severity of the FS and correlate it with quantifying the
differences in echocardiographic findings, thereby determining the prognostic utility of this syndrome in patients with
HF, even before it progresses to advanced HF, as well as to determine its prognostic significance for future cardio-
vascular events.

2. Material and methods

From January to December 2022, patients > 65 years of age were included, who were monitored on an outpatient
basis at the Specialized Hospital for Geriatric and Palliative Medicine “13th November ” - Skopje, who had at least
one cardiovascular risk factor such as hypertension, dyslipidemia, diabetes mellitus or a history of cardiovascular
diseases (myocardial infarction, stroke), with suspected DD and heart failure with preserved ejection fraction, which
were selected after transthoracic echocardiography, after previously excluding patients with atrial fibrillation/flutter,
severe valvular disease, patients with limited life expectancy due to non-cardiac causes (ie, terminal malignancy and
advanced lung disease), or unstable clinical condition. After transthoracic echocardiography was performed, patients
were also excluded, in whom HF was determined with a reduced ejection fraction < 45%, so the total number of
patients in the study was 132.

On the day of the examination, an assessment of the FS was carried out using the Groningen Frailty Index (GFI
questionnaire) and transthoracic doppler echocardiography.

2.1 Assessment of FS

The degree of frailty was determined with the Groningen Frailty Index (GFI questionnaire).
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Table 1. GFI (Groningen Frailty Index)

YES | NO
Mobility.
Can the patient perform the following tasks without assistance from another person (walking aids such
as a can or a wheelchair are allowed)
1. Grocery shopping 0 1
2. Walk outside house (around house or to neighbour) 0 1
3. Getting (un)dressed 0 1
4. Visiting restroom 0 1
Vision
5. Does the patient encounter problems in daily life because of impaired vision? 1 0
Hearing
6. Does the patient encounter problems in daily life because of impaired hearing? 1 0
Nutrition
7. Has the patient unintentionally lost a lot of weight in the past 6 months (6kg in 6 months or 3kg in 3 1 0
months)?
Co-morbidity
8. Does the patient use 4 or more different types of medication? 1 0

ves o] S
Cognition
9. Does the patient have any complaints on his/her memory (or diagnosed with dementia)? 1 0 0

Psychosocial

10. Does the patient ever experience emptiness around him?
e.g. You feel so sad that you have no interest in your surroundings. Or if someone you love no longer | 1 0 1
love you, how do you feel?

11. Does the patient ever miss the presence of other people around him? Or do you miss anyone you

love? 1 0 !
12. Does the patient ever feel left alone? 1 0 1
e.g. You wish there is someone to go with you for something important.

13. Has the patient been feeling down or depressed lately? 1 0 1
14. Has the patient felt nervous or anxious lately? 1 0 1
Physical Fitness

15. How would the patient rate his/her own physical fitness? 1 0

TOTAL SCORE GFlI

This questionnaire includes important parameters such as the patient's degree of mobility, nutrition, cognition,
vision, and hearing, psychosocial factors, presence of comorbidities, therapy received by the patient, and weight loss.

Patients were classified as " marked frail" if they met more than 5 criteria; as "moderately frail" if they met 1 to 5
criteria; and as "not frail" if they did not meet any of the listed criteria.

2.2 Echocardiography

Echocardiography was performed using (iE33; Philips Health). All echocardiographic measurements were made
according to the recommendations of the European Society of Cardiology and Echocardiography - Recommendations
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for Cardiac Chamber Quantification by Echocardiography in Adults: An Update from the American Society of
Echocardiography and the European Association of Cardiovascular Imaging 2015 and Recommendation for the
Evaluation of Left Ventricular Diastolic Function by Echocardiography: An Update from the American Society of
Echocardiography and the European Association of Cardiovascular Imaging 2016 [15].

Assessment of the left ventricle: volume was measured in 2D using the biplane method of the disk, (end-diastolic
and end-systolic volume, which was indexed to body mass - according to recommendations - normal left ventricular
end-diastolic volume index (LK EDVI) in men up to 74ml/m?, and in women 61ml/m?. End-systolic volume index
(ESVI) in men up to 31ml/m?, and in women 24ml/m?. Left ventricular EF was calculated according to the values of
EDV and ESV in 2D by formula, and was calculated in %, patients with EF > 50% were examined. Left ventricular
mass was calculated by measuring the walls of the left ventricle in M-mode and 2D and was calculated by a formula,
indexed to body mass. LV mass = 0.8x {1.04 [(LVId+ PWTd +SWTd)3 - ( LVIDd]}+ 0.6g Left ventricular
hypertrophy was defined according to the latest ASE/EAE recommendations (LV mass index > 95g/m? in women,
and >115g/m?in men) [15].

Diastolic dysfunction was assessed according to recommendations using 2D, pulsed and continuous Doppler and
tissue Doppler. Four recommended criteria for the diagnosis of diastolic dysfunction were: annular lateral ¢' <10cm/s,
ratio E/e' >14, LA volume index >34ml/m?, and maximal TR velocity >2.8m/s. Diastolic dysfunction was considered
if more than two of these criteria were met. The gradation of DD was performed according to the already determined
criteria: 1st.- degree - delayed relaxation 2nd.- degree - pseudo-normalization and 3rd. - degree - restrictive type. For
the sake of easier comparison with other parameters, diastolic dysfunction was assessed as moderately disturbed
(grade 1), and markedly disturbed (grades 2 and 3) [15].

2.3 Clinical outcomes

All patients were monitored in the outpatient department of the Specialized Hospital for Geriatric and Palliative
Medicine “November 137, Skopje (clinical follow-up visits at least every 3 months). Follow-up began at the time of
the initial tests and ended in the first three months of 2023. The primary endpoint was the incidence of major adverse
cardiovascular events defined as cardiac death.

3. Results
Table 2. Patient characteristics
Variable Statistical parameter
Gender n (%) 77 (59.23)
‘:l‘e’nmen 53 (40.77)
Age (years) (76.75+7,.8) (65-91); 77(69-84)

(mean + SD) (min-max); median (IQR)

BMI (kg/m?)—body mass index

(mean + SD) (min-max); median (IQR) (26.19+4.2) (19-34); 26(23-30)

Comorbidities n(%)

arterial hypertension 106 (81.51)
37 (28.46)
cerebrovascular stroke
) 49 (37.69)
heart failure
) . 60 (46.15)
diabetes mellitus
- . 60 (46.15)
dyslipidemia 25 (24.27)
myocardial infarction ’
Degree of fraility n (%)
there is not fraility 22 (16.92)
moderate fragility 53 (40.77)
marked fragility 55 (42.31)

The gender of patients without frailty, moderately frail, and marked frail did not differ significantly (p=0.62).
Patients' age had a significant effect on the degree of frailty (p<0.0001), with frail patients being significantly older
than patients without frailty (83.2 £5.5 vs 69.1 + 5.4 years, p=0.000022) and moderate frailty (83.2 £5.5 vs 73.2 +

DOI: 10.26855/ijcemr.2024.04.003 208 International Journal of Clinical and Experimental Medicine Research



Lidija Veterovska Miljkovic

5.2 years, p=0.00002); patients with moderate frailty were also significantly older compared to those without frailty
(73.2 £ 5.2 vs 69.1 £+ 5.4 years, p=0.008). BMI had the highest mean value in the group of moderately frail patients
(26.1 +£2.4 kg/m2), followed by the without frailty and marked frailty (26.1 + 2.4 and 23.1 + 3.4 kg/m2), with a total
and intergroup difference between all groups, for p<0.0001.

Table 3. Dependence on age, gender and the examined comorbidities with degree of frailty

Degree of frailty
. | Without fraility | Moderately frail | Marked frail p-level
n=22 n=53 n=55
women | 77 11 (50.0) 32 (60.38) 34 (61.82)
Gender n (%) X?=0.96 p=0.62
men 53 11 (50.0) 21 (39.62) 21 (38.13)
F=74.2 *p=0.0000
1vs 2 *p=0.008
Age (years) mean £+ SD 69.1+5.4 73.2+5.2 832+55 1vs3 *p=0.000022
2vs3 *p=0.000022
F=59.2 *p=0.0000
BMI (body mass index) 1vs 2 *p=0.00004
ke/m? mean + SD 26.1+2.4 295+29 23.1+34 1vs3 *p=0.0005
2vs3 *p=0.000022
L . yes 106 16 (72.73) 43 (81.13) 47 (85.45) X2=1.7
arterial hipertension n(%) =04
no 24 6(27.27) 10 (18.87) 8 (14.55) p=043
yes 37 0 2 (3.77) 35 (63.64) X2=58 0
cerebrovascular stroke n(%) #1=0.0000
no 93 22 (100) 51 (96.23) 20 (36.36) p=y.
yes 49 2(9.09) 8 (15.09) 39(70.91) 2
heart failure n(%) *X __04(5)0%30
no 81 20 (90.91) 45 (84.91) 16 (29.09) p=v.
. . yes 60 4 (18.18) 22 (41.51) 34 (61.82) X2=12.8
diabetes mellitus n(%) *9=0 00165
no 70 18 (81.82) 31 (58.49) 21 (38.13) p=v
. ) yes 60 9(40.91) 30 (56.60) 21 (38.13) X2=39
Dyslipidemia n(%) —0.14
no 70 13 (59.09) 23 (43.40) 34 (61.82) p=y.
o . yes 25 1 (4.55) 7(13.21) 17 (30.91) X2=1.8
myocardial infarction n(%) —0.41
no 105 21 (95.45) 46 (86.79) 38 (69.09) p=y.
mean + SD 132.82+16.9 118.19+11.8 90.33+£20.2 F=64.9 *p=0.0000
1vs 2 *p=0.0016
Hg (z/dl) -
min- max 105-160 95-140 65-140 1vs3 *p=0.000022
2vs3 *p=0.000022
mean + SD 78.09+13.8 84.81£13.5 115.21+27.6 H=39.9 *p=0.0000
Serum creatinine (mmol/L) 1vs3 *p=0.0000
median (IQR) 77 (68-85) 88 (75-95) 120 (89-140) | 2vs3 *p=0.000001

Notes. F(Analysis of variance, post-hoc Tukey honest test);X? (Chi-square test); H(Kruskal-Wallis ANOVA test, post-hoc Mann-Whitney U test) *sig
p<0.05

Regarding the comorbidities present, patients without frailty, moderately frail, and marked frail did not differ sig-
nificantly in terms of the frequency of hypertension (p=0.4), dyslipidemia (p=0.14), and myocardial infarction
(p=0.41), while they differed significantly in regarding the frequency of stroke (p<0.0001), heart failure (p<0.0001)
and diabetes mellitus (p=0.000165). 3.77% of moderately frail patients and 63.64% of frail patients were registered
with stroke; 9.09%, 15.09%, and 70.91% of patients without, with moderate frail and marked frail patients had heart
failure; diabetics were 18.18% of patients without frailty, 41.51% moderately frail and 61.82% marked frail patients.
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Hemoglobin had the lowest average value in the group of marked frail patients (90.33+£20.2), followed by moder-
ately frail patients (90.33420.2) and patients without frailty, patients (132.82+£16.9). For p<0.0001, a total statistically
significant difference was confirmed between the three groups in relation to mean hemoglobin values, which was
confirmed by post-hoc analysis to be due to significantly lower hemoglobin in marked frail patients compared to
moderately frail and non-frail patients (p=0.000022), and significantly lower hemoglobin in moderately frail patients
compared to patients without frailty (p=0.0016).

The degree of frailty had a significant influence on serum creatinine (p<0.0001); in the group of marked frail
patients, significantly higher creatinine values were measured compared to patients without frailty and with moderate
frailty (median 120 vs 77 vs 88, p<0.0001).

Degree of frailty

W market frail maderate frail non frai

E'(>8cm/s) q 98,18

22,73

Ele'(214cmis) Jm

18,18
45,45
LVHI> | 7 60,38
- 100

LAVI(>34mim2) mm—a )

DD(>2) PQU 91
EIA(=1) * 78,18

13,64
LKEDVI> J 18

LKESVI> h e

F 94,55

O 20 40 60 80 100 %

Figure 1. The percentage representation of abnormal values of echocardiographic parameters in patients without frailty, mod-
erately frail and marked frail.

Table 4. Correlation of echocardiographic parameters with the degree of frailty

Degree of frailty
p-level
Without frailty n=22 Moderately Frail n=53 Marked frail n=55
mean + SD 83 +13 6.30 = 1.4 3.24+14 H=84.6 *p=0.0000
¢' ((cm/s) 1vs 2 *p=0.0052
median (IQR) 9(8-9) 6(6-7) 3(2-4) 1vs3 *p=0.0000
2vs3 *p=0.0000
mean + SD 8.14+3.4 15.04 +£3.1 20.31+3.21 H=80. * p=0.00048
E/e : 1vs3 *p=0.0000
median (IQR) 7(7-7) 16(13-17) 20 (18-24) 2vs3 *p=0.0000
LVHI mean = SD 86.27 £24.7 101.83£11.8 97.51 £11.2 H=14.6 * p=0.0007
(gr/m’) | median (IQR) 85(72-98) 98(95-107) 95(89-105) 1vs 2 *p=0.0005
mean + SD 3032+ 13.1 35.60 + 1.3 3749+ 12 H=61.6 *p=0.0000
LAVI 1vs 2 *p=0.0086
(ml/m?) | edian (IQR) 26(24-32) 36(35-36) 37(37-39) 1vs3 *p=0.0000
2vs3 *p=0.0000
mean + SD 31.64+12 319115 3240+12
SPAIf H=5.7 p=0.058
(mmHg) | median (IQR) 32(31-32) 32(30-33) 32(32-34)
LVEDVI | mean=SD 58.41+3.8 57.89+2.1 62.93+4.4 P{:“;‘f *Pozg(-)%%olgo
vs3 *p=0.
(m/m?) [ e dian (IQR) 58(57-59) 58(56-59) 61(60-68) 2vs3 *p=0.0000
mean + SD 25.14+32 28.91+22 33.14+2.1 H=81.15 *p=0.0000
LV ESVI 1vs 2 *p=0.0069
(mlm’) | median (IQR) 24(23-27) 29(27-30) 34(32-34) 1vs3 *p=0.0000
2vs3 *p=0.0000
EF mean £ SD 64.73 £ 6.8 61.79+7.4 49.91+43 H=70.4 *p=0.0000
%) - 1vs3 *p=0.0000
0 median (IQR) 66(62-70) 60(58-66) 49(47-51) 2vs3 *p=0.0000

Notes. H(Kruskal-Wallis test, post-hoc Mann-Whitney test) *sig p<0.05
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The analyzed echocardiographic parameters, had significantly different values between groups of patients without
frailty, moderately frail, and frail (p<0.0001).

Patients from the frail group compared to patients without frail and moderately frail patients had the lowest values
of the e' parameter (median 3 vs 9 vs 6), the highest values of the E/e' ratio (median 20 vs 7 vs 16), the highest values
of the LAVI parameter (median 37 vs 26 vs 36), highest values of the LV EDVI parameter (median 61 vs 58 vs 58),
highest values of the LV ESVI parameter (median 34 vs 24 vs 29), lowest EF (median 49 vs 66 vs 60). In this range
of significant echocardiographic parameters, patients from the moderately frail group had significantly higher values
of the LVHI parameter than patients without frailty (median 98 vs 85).

The higher degree of frailty correlated statistically significantly with lower values of the parameter e' (R=-0.809,
p<0.0001), higher values of the ratio E/e' (R= 0.788, p<0.0001), higher values of the parameter LAVi ( R= -0.691,
p<0.0001), higher values of the DD parameter (R= 0.838, p<0.0001), higher values of the E/A ratio (R= 0.498,
p<0.0001), higher values of the LV EDVi parameter (R= 0.541, p<0.0001), higher values of the parameter LVESVi
(R=0.793, p<0.0001), and, lower values of the parameter LV EF (R= -0.722, p<0.0001).

Table S. Analyzed echocardiographic parameters values in alive and dead patients

Variable Statistical parameters Alive n=100 Died n=30 p-level
mean £ SD 6.10+£2.2 2.83+£0.98
e 7=6.6 *p=0.0000
median (IQR) 6(4-8) 2.5(2-4)
mean £ SD 1445+4.8 21.60+3.1
E/e! 7=6.8 *p=0.0000
median (IQR) 16(10-18) 22 (20-24)
LVHI mean + SD 933375 98.58 +16.9 o
(ar/m?) Z=2.4 *p=0.016
median (IQR) 92.5(88-95) 97(90-106)
mean = SD 34.77+£6.6 37.97 £1.03
(II:{‘/‘XIZ) 7=6.3 *p=0.0000
median (IQR) 36(34-37) 38(37-39)
mean = SD 31.83+1.3 32.87+1.0
(nsliﬁf ) 7=3.65 *p=0.00026
& median (IQR) 31(31-33) 33(32-34)
LV EDVI mean = SD 58.55+2.9 65.30 £4.1 e
(ml/m?) 7=6.8 *p=0.000
median (IQR) 58(57-60) 66(61-69)
mean = SD 2890 +£3.4 3393+14
L(Xﬂl;:;zgl 7=6.9 *p=0.0000
median (IQR) 29(27-31) 34(34-35)
EF mean = SD 60.22+7.9 4740+1.5
%) Z=7.6 *p=0.0000
° median (IQR) 60(54-66) 47(46-49)

Notes. Z(Mann-Whitney test); *sig p<0.05

Dead patients had significantly lower values of the ¢' parameter (median 2.5 vs 6), significantly higher values of
the E/e' ratio (median 22 vs 16), significantly higher values of the LVHI parameter (median 97.5 vs 92.5), significantly
higher values of the LAVI parameter (median 38 vs 36), significantly higher values of the parameter sPAP (median
33 vs 31), significantly higher values of the parameter LV EDVI (median 66 vs 58), significantly higher values of the
parameter LV ESVI (median 34 vs 29), and significantly lower EF values (median 47 vs 60).
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Figure 2. The percentage representation of abnormal values of echocardiographic parameters in living and deceased patients.
4. Statistical analysis

The statistical analysis of the data obtained from the research was done in the statistical program SPSS 23.0. Kolmo-
gorov-Smirnov test and Shapiro-Wilk's test were used to test the normality of the data distribution.

Categorical (attributive) variables are shown with absolute and relative numbers. Numerical (quantitative) varia-
bles are shown with average, standard deviation, minimum and maximum values, median value, and interquartile
rank. The chi-square test was used to compare qualitative variables, non-parametric tests Analysis of variance, Krus-
kal-Wallis ANOVA test, and Mann-Whitney U test were used to compare quantitative variables.

Correlation between variables was done with Spearman's rank correlation coefficient.

Statistical significance was defined at the p<0.05 level.

The data of interest are presented tabularly and graphically.

5. Discussion

Several studies have recently investigated the impact of frailty on developing CV disease or the impact of frailty in
patients with already manifest CV illness [1]. The relationship between frailty and advanced age, multimorbidity, and
disability has a significant impact on healthcare systems [8]. In our egzamination, patients who underwent echocar-
diography, there was a relatively high prevalence of frailty (84%). Our study confirmed the fact that the percentage
of old people who are frail increases with age, and at the same time they have a greater number of CVD. Heart failure,
post-stroke conditions, and diabetes mellitus were directly linked to a high degree of frailty. Frailty increases
cardiovascular morbidity and mortality both in patients with or without known CVD. Though the recognition of this
additional risk factor has become increasingly clinically relevant in CVD, uncertainty remains about operative
definitions, screening, assessment, and management of frailty [16]. Since the burdens of frailty components and
domains may vary in the various CVD and clinical settings, the relevance of specific frailty-related aspects may be
different. Understanding these issues may allow general cardiologists a clearer focus on frailty in CVD and thereby
make more tailored clinical decisions and therapeutic choices in outpatients [16].

Multiple age-related changes occur in the cardiovascular system. Frailty has been defined as a state of late-life
decline and vulnerability, identified as physical weakness and decreased physiologic reserve [17, 18]. Differences
between normal age-related change and frailty-related change in the cardiac structure and function have not been
well described [19, 20]. From the Cardiovascular Health Study, Roldan-Chicano et al showed that an increase in LV
mass was noted in frail patients compared with non-frail [21]. In our study, LA volume, stroke volume, and DD grade
were associated with frailty score after adjustment for age. Although we did find important differences in LA volume,
stroke volume, and DD grade, there was no association between LV mass and frailty.

Compared to other studies, ours also showed a significant association of serum hemoglobin and creatinine levels
with the degree of frailty in patients [22, 23]. In the previous study, when frailty and DD were considered for survival
analysis, known predictors such as LV systolic function did not maintain statistical significance [24]. This is likely
because LV diastolic function becomes abnormal earlier in the elderly population, as compared with LV systolic
function markers such as LVEF. Additionally, frailty and DD grade assessment have the advantages of ease of use
and reproducibility [18].

Frailty is associated with an increased risk for mortality and morbidity. A number of studies have noted high
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prevalence rates of frailty in HF [23]. In addition, the grading of LV DD is an independent predictor of exercise
capacity [24, 25], and of outcomes for CVD with normal LV systolic function [26]. At the same time, patients with a
high degree of FS, associated with a high degree of DD, had a worse prognosis in the occurrence of new
cardiovascular events and death. In our studied group of patients, there was a relatively high prevalence of patients
who died of a new cardiovascular event during a one-year follow-up (19%). They all had a high degree of frailty and
a high degree of DD. The present findings are consistent with those of previously published work-[23].

This important association between cardiac morphology/function and the frailty phenotype, observed in our study,
therefore contributes to and advances the understanding of the biological basis of frailty [4]. Frailty and DD as Pre-
dictors of Outcome Frailty are associated with an increased risk for mortality and morbidity. A number of studies
have noted high prevalence rates of frailty in HF [23, 24].

It is believed that FS can be prevented or even reversed with appropriate interventions. Taking a broad approach
to FS encompassing the physical, psychological, and social realms, there are many interventions to prevent or reduce
FS and prevent or delay its adverse effects. As indicated by the ESC guidelines for HF, treatment of FS in HF should
be multifactorial and may include physical rehabilitation, nutritional supplementation, and an individualized ap-
proach to the treatment of comorbidities [26, 27].

These strategies should focus also on polypharmacy and adherence improvement, fall prevention, mood, and cog-
nitive interventions [18]. The physical activity is an important aspect of coping with FS. A review of randomized
controlled trials confirmed the effects of physical training on improving muscle strength, body composition, mobility,
functional status, and fall prevention [28].

6. Study limitations

The sample size was relatively small for a shorter period, which poses a potential risk of overfitting the model. Atrial
fibrillation was also excluded in this study. Stroke volume was measured based on echocardiographic parameters,
which have inherent measurement variability. Finally, we assessed an external validation group. According to these
limitations, this study should be considered a proof of concept, and larger prospective multicenter studies are therefore
warranted.

7. Conclusions

Assessment of frailty is an easy method to evaluate the risk of cardiac events. Patients with frailty and moderate-
severe DD should have an additional assessment and careful treatment including cardioprotective medication. The
assessment of frailty and diastolic grading on echocardiography could be used to risk-stratify these older populations
with risk factors of CVD. The possibility of indexing “frailty”” on echocardiography may constitute a relatively simple,
affordable, and reproducible technique to predict outcomes in patients with HF with preserved EF.
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Appendix 6 — PS (Performance Status)

0 Normal activity without restriction.
1 Restricted in physically strenuous activity but ambulatory and able to carry out light work.
Ambulatory and capable for all self-care, unable to carry out any work and about >50% of waking hours.

Capable only limited self-care, confined to bed or chair and about <50% of waking hours.

E- VS )

Completely disabled, cannot carry on any self-care, totally confined to bed or chair.
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