
Physical vs. multidimensional frailty in older adults
with and without heart failure

Gianluca Testa1,2, Francesco Curcio1, Ilaria Liguori1, Claudia Basile1, Martina Papillo1, Carlo Gabriele
Tocchetti1, Gianlugi Galizia1,3, David Della-Morte4,5, Gaetano Gargiulo6, Francesco Cacciatore1, Domenico
Bonaduce1 and Pasquale Abete1*

1Department of Translational Medical Sciences, University of Naples “Federico II”, Via S. Pansini, 80131, Naples, Italy; 2Department of Medicine and Health Sciences,
University of Molise, Campobasso, Italy; 3IRCCS Salvatore Maugeri Foundation, Scientific Institute of Veruno, Novara, Italy; 4Department of Systems Medicine, University of
Rome Tor Vergata, Rome, Italy; 5Department of Human Sciences and Quality of Life Promotion, San Raffaele Roma Open University, Rome, Italy; 6Division of Internal
Medicine, AOU San Giovanni di Dio e Ruggi di Aragona, Salerno, Italy

Abstract

Aims The assessment of frailty in older adults with heart failure (HF) is still debated. Here, we compare the predictive role
and the diagnostic accuracy of physical vs. multidimensional frailty assessment on mortality, disability, and hospitalization in
older adults with and without HF.
Methods and results A total of 1077 elderly (≥65 years) outpatients were evaluated with the physical (phy-Fi) and multidi-
mensional (m-Fi) frailty scores and according to the presence or the absence of HF. Mortality, disability, and hospitalizations
were assessed at baseline and after a 24 month follow-up. Cox regression analysis demonstrated that, compared with phy-Fi
score, m-Fi score was more predictive of mortality [hazard ratio (HR) = 1.05 vs. 0.66], disability (HR = 1.02 vs. 0.89), and hos-
pitalization (HR = 1.03 vs. 0.96) in the absence and even more in the presence of HF (HR = 1.11 vs. 0.63, 1.06 vs. 0.98, and 1.14
vs. 1.03, respectively). The area under the curve indicated a better diagnostic accuracy with m-Fi score than with phy-Fi score
for mortality, disability, and hospitalizations, both in absence (0.782 vs. 0.649, 0.763 vs. 0.695, and 0.732 vs. 0.666, respec-
tively) and in presence of HF (0.824 vs. 0.625, 0.886 vs. 0.793, and 0.812 vs. 0.688, respectively).
Conclusions The m-Fi score is able to predict mortality, disability, and hospitalizations better than the phy-Fi score, not only
in absence but also in presence of HF. Our data also demonstrate that the m-Fi score has better diagnostic accuracy than the
phy-Fi score. Thus, the use of the m-FI score should be considered for the assessment of frailty in older HF adults.
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Introduction

In older adults, heart failure (HF) is a public health problem
whose importance is likely to grow in the coming years because
of the progressive increase in survival of patients with cardiac
diseases.1,2 However, in HF patients, the prognosis is worse in
the elderly, with higher mortality, both inhospital and long
term.1,2 The incidence of hospitalization for HF in older adults
is also increasing, exceeding70%of total hospital admissions.1,2

Age-related cardiac diseases, together with ageing processes,
worsen the clinical manifestations of HF in older adults.3

According to most definitions, frailty is a clinical state in
which an individual is more vulnerable to developing depen-
dency and/or mortality when exposed to a stressor.4 In
2001, Fried and colleagues focused on a physical phenotype
of frailty based on the assessment of unintentional weight
loss, muscle weakness, slow walking speed, low physical ac-
tivity, and exhaustion (phy-Fi).5 On the other hand,
Rockwood and colleagues developed a concept of multidi-
mensional frailty involving co-morbidity, disability, psycholog-
ical, and social components, along with physical impairments
(frailty index).6

ORIG INAL RESEARCH ART ICLE

© 2020 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the European Society of Cardiology

ESC HEART FAILURE
ESC Heart Failure 2020; 7: 1371–1380
Published online 3 April 2020 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.12688

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

mailto:p.abete@unina.it
http://creativecommons.org/licenses/by-nc/4.0/


Although there is a significant amount of data on the asso-
ciation between frailty and HF in older adults, so far the ap-
proach to the problem has not been conclusive.7

Specifically, there has been inconsistency in the assessment
of the type of frailty especially when considering physical or
multidimensional phenotype.7,8 In older HF patients, frailty
is frequently identified with physical frailty, which is only
one of the aspects of clinical frailty; this can often lead to a
prognostic underestimation.8,9 In order to approach
multidomain frailty, an Italian version of the frailty index
(m-Fi), modified by adding the assessment of nutritional
and socio-economic statuses (which represent critical points
in the management of HF patients), has been recently
published.10

Thus, the present study aimed at prospectively comparing
the diagnostic accuracy of multidimensional (m-Fi) and phys-
ical (phy-Fi) frailty assessment in predicting mortality, disabil-
ity, and hospitalization in elderly HF patients.

Methods

Study population

We enrolled 1077 elderly (≥65 years) subjects consecutively
admitted to the ‘Geriatric Evaluation outpatients Unit’ of
Federico II University Hospital (Naples, Italy). The study re-
ceived full ethical approval according to the ethical standards
of the 1964 Declaration of Helsinki and its later amendments.
All participants signed an informed consent form, and the in-
stitutional review boards approved the study. Neither pa-
tients nor the public was involved in the design, conduct,
reporting, and dissemination of our research.

Comprehensive geriatric assessment

The study population underwent a comprehensive geriatric
assessment that included the following: anthropometric mea-
surements, such as body mass index; physiological, patholog-
ical, and pharmacological anamnesis; cognitive function
evaluation with Mini Mental State Examination; depression
screening with geriatric depression scale; co-morbidity evalu-
ation with a cumulative illness rating scale (CIRS-Comorbidity
and CIRS-Severity); assessment of drugs burden; disability
with basic (BADL) and instrumental activity of daily living;
physical performance with 4 m gait speed; physical activity
with physical activity scale for the older adults; nutritional
state with mini nutritional assessment; social support evalua-
tion with social support scale [scored from 17 (participants
with the lowest support) to 0 (participants with the highest
support)], and Tinetti mobility test.

Biochemical assessment

C-reactive protein (CRP), BNP (pg/mL), and glomerular filtra-
tion rate (mg/dL) were assessed at baseline.

Multidimensional frailty assessment

Multidimensional frailty (m-Fi) was assessed using a 40 item
tool, previously validated in Italian older adult outpatients
from the Campania Region (Italy).9 Briefly, this tool has been
adapted from the Canadian frailty index and explores the four
domains of frailty: physical, mental, nutritional, and socio-
economic.11 The m-Fi differs from the Canadian frailty index
for the nutritional domain, assessed with the mini nutritional
assessment, and the socio-economic domain, evaluated with
the social support scale. Accordingly, patients were stratified
by m-Fi score in lightly (0.1–16), moderately (16.1–27.0), and
severely (>27.0) frail (see references in Supporting
Information).

Physical frailty assessment

Physical frailty (phy-Fi score)5 was calculated by considering
the following items of m-Fi score: the need for help when
lifting 10 lbs, a weight loss of more than 10 lbs over the pre-
vious year, a decrease of physical activity over the past
months, the sensation that everyday living is an effort, and
4 m gait speed <10 s) (8). Accordingly, patients were strati-
fied by phy-Fi score in lightly (1–2), moderately (3), and se-
verely (>3) frail.

Heart failure diagnosis

The diagnosis of HF was considered possible when the sub-
jects reported: (i) a medical diagnosis of HF, (ii) a specific
treatment for HF (beta blockers, ace-inhibitors/angiotensin
II receptor blockers, diuretics, and digitalis), (iii) signs of HF
(dyspnoea, lung rales, and/or pretibial oedema), or (iv) anam-
nestic presence of clinical or radiographic findings of
cardiomegaly or pulmonary oedema or ventricular dilatation
and abnormalities of ventricular kinetics assessed by echocar-
diography. The specific aetiology of HF was determined and
confirmed according to left ventricular ejection fraction
(LVEF) and BNP, when available.12

Outcomes

Mortality, disability (defined as ≥1 BADL lost from the base-
line), and hospitalizations were assessed at baseline and after
24 months of follow-up.
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Statistical analysis

Data were collected and analysed using SPSS software
(version 13.0, SPSS Inc, Chicago, IL). Characteristics of the
sample are expressed as mean ± standard deviation. Partic-
ipants were stratified by degree of multidimensional and
physical frailty (light, moderate, and severe) and according
to the presence or absence of HF. ANOVA test with
Bonferroni’s post hoc correction was performed to com-
pare continuous variables across groups. Differences be-
tween continuous variables, divided according to the
presence or absence of HF, were analysed by means of Stu-
dent’s t-test. Differences among dichotomous data were
analysed using the χ2 test. Logistic regression was used to
examine receiving operating characteristics curves to com-
pare the performance of multidimensional (m-Fi) vs. physi-
cal frailty in predicting the outcomes; area under curves
(AUC) between 0.8 and 0.9 was considered good. Multivar-
iate Cox regression analysis and survival curves, adjusted
for age and sex, were used to evaluate the predictive value
of physical (phy-Fi) and multidimensional (m-Fi) and in the
presence and absence of HF on mortality and disability
and hospitalization. P values < 0.05 were considered statis-
tically significant.

Results

Out of the 1077 study participants, 12 were excluded because
they did not present any degree of frailty, while 158 were lost
at follow-up. The 907 enrolled elderly subjects were divided
based on the presence or absence of HF and stratified accord-
ing to m-Fi and phy-Fi frailty scores (Tables 1 and 2).

Among patients without HF (79.1%), stratification by frailty
showed a higher prevalence of light frailty when the assess-
ment was performed according to m-Fi score compared with
phy-Fi score (34.4% vs. 22.5%, respectively), while a higher
prevalence of severe frailty was observed when the assess-
ment was performed according to phy-Fi score than when
compared with m-Fi score (36.3% vs. 33.3%, respectively).
In severely frail subjects, mortality, disability, and hospitaliza-
tion rates were higher when frailty was assessed by m-Fi
score rather than by phy-Fi score (36.8% vs. 25.0%, 88.5%
vs. 80.0%, and 78.2% vs. 63.6%, respectively) (Table 3).

In HF patients (20.1%), cardiac co-morbidities, such as the
prevalence of hypertension and coronary artery disease and,
more importantly, extra-cardiac co-morbidities represented
by CIRS-C score, BADL lost, medication burden, and CRP
values, were significantly higher than in no HF patients. Inter-
estingly, m-Fi score (23.7 ± 7.7 vs. 20.4 ± 9.1), but not phy-Fi

Table 1 Baseline characteristics of the study population stratified by physical (phy-Fi) and multidimensional (m-Fi) frailty score in absence
of heart failure

Variables

All

Frailty

Light Moderate Severe

phy-Fi m-Fi phy-Fi m-Fi phy-Fi m-Fi

n = 717
(79.1%)

161
(22.5%)

n = 247
(34.4%)

296
(41.3%)

n = 231
(32.2%)

260
(36.3%)

n = 239
(33.3%)

Age (years) 81.3 ± 6.5 79.5 ± 6.3 79.8 ± 6.7 80.1 ± 6.4 81.8 ± 6.1 82.2 ± 6.3 82.4 ± 6.2
Male sex, n (%) 283 (39.5) 59 (57.5) 127 (51.4) 127 (51.4) 79 (35.4) 113 (30.8) 77 (32.2)
BMI 27.1 ± 4.9 26.4 ± 3.3 26.6 ± 3.9 27.6 ± 5.2 27.4 ± 5.5 27.6 ± 5.1 27.7 ± 5.4
Hypertension, n (%) 576 (80.3) 60 (58.6) 174 (70.4) 205 (83.0) 186 (83.4) 311 (84.7) 216 (90.4)
Coronary artery disease, n (%) 170 (23.7) 19 (18.0) 56 (22.7) 69 (27.9) 46 (20.6) 82 (22.4) 68 (28.5)
Diabetes, n (%) 185 (25.8) 16 (9.9) 49 (19.8)* 64 (21.6) 78 (33.8)* 105 (40.4) 90 (37.7)
CIRS-C score 3.6 ± 2.0 2.5 ± 2.0 2.8 ± 1.9 3.3 ± 1.9 3.6 ± 1.8 3.9 ± 1.9 4.4 ± 1.9
BADL lost 1.8 ± 1.8 1.5 ± .1.9 0.5 ± 1.2 1.0 ± 1.3 1.3 ± 1.6 2.4 ± 1.8 3.3 ± 1.6*

NYHA II–III, n (%) 176 (24.5) 10 (10) 25 (10.1) 59 (24.0) 68 (30.5) 106 (29.0) 83 (34.7)
LVEF ≤45%, n (%)a 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
BNP (pg/mL)b 282 ± 410 200 ± 310 354 ± 310 262 ± 220 565 ± 730 342 ± 140 530 ± 420
GFR (mL/min)c 68.5 ± 21.4 71.2 ± 14.6 68.8 ± 20.2 65.2 ± 21.8 61.2 ± 11.6 58.8 ± 16.4 52.4 ± 12.8
Drugs (n) 5.6 ± 2.9 4.7 ± 2.9 5.5 ± 2.8 5.8 ± 2.7 5.7 ± 2.8 6.2 ± 2.9 6.2 ± 3.1
CRP (mg/dL)a 0.64 ± 0.50 0.38 ± 0.40 0.50 ± 0.42 0.40 ± 0.48 0.65 ± 0.40 0.48 ± 0.42 0.51 ± 0.40
m-Fi, score 20.4 ± 9.1 7.0 ± 6.4 8.7 ± 5.5 16.6 ± 6.9 20.1 ± 6.4 25.0 ± 5.7 28.1 ± 4.3*

Fried’s score 2.7 ± 1.5 0.5 ± 0.5 2.0 ± 1.3 2.4 ± 0.5 3.7 ± 1.1 4.4 ± 0.5 4.7 ± 1.0

BADL, basic activity of daily living; BMI, body mass index; CIRS-C, cumulative index rating scale–quantity; CRP, C-reactive protein; GFR, glo-
merular filtration rate; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
*P < 0.05 vs. phy-Fi.
aEchocardiography was available in 68.0% of participants (n = 488).
bBNP was available in 37.0% of participants (n = 265).
cGFR was available in 86.0% of participants (n = 617).
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score (3.0 ± 1.5 vs. 2.7 ± 1.5), was significantly higher in HF
patients.

As expected, all end points considered (mortality, disabil-
ity, and hospitalizations) were significantly higher in HF than
in no HF patients (Table 3). In addition, severely frail subjects
had higher CIRS-C score and CRP levels when frailty was
assessed by m-Fi score rather than by phy-Fi score. Interest-
ingly, while assessment by m-Fi score included more subjects
with reduced LVEF and increased BNP values into severe
frailty, the prevalence of New York Heart Association class
II–III subjects did not show significant differences between

the two assessment tools (90.0% vs. 91.0%). HF patients with
higher BNP levels (n = 78/190, 41%) presented more adverse
events in presence of severe than in presence of light frailty,
both when assessed with phy-Fi score (28.5% vs. 5.0% for
mortality, 81.0% vs. 70.0% for disability, and 68.0% vs.
25.0% for hospitalizations) or with m-Fi score (40.0% vs.
0.0% for mortality, 90.0% vs. 39.5% for disability, and 81.0%
vs. 24.0% for hospitalizations). In addition, significant differ-
ences were observed in mortality, disability, and hospitaliza-
tions in severely frail subjects when assessed by the m-Fi
score with respect to those assessed by phy-Fi score (36.8%

Table 2 Baseline characteristics of the study population stratified by physical (phy-Fi) and multidimensional (m-Fi) frailty score in presence
of heart failure

Variables

Frailty

Light Moderate Severe

phy-Fi m-Fi phy-Fi m-Fi phy-Fi m-Fi

n = 190
(20.9%)

n = 31
(16.3%)

n = 45
(23.7%)

n = 78
(41.1%)

n = 67
(35.3%)

n = 81
(42.6%)

n = 78
(41.1%)

Age (years) 81.5 ± 6.4 78.8 ± 7.3 79.7 ± 7.3 82.2 ± 6.8 81.5 ± 5.9 81.1 ± 6.2 82.3 ± 6.2
Male sex, n (%) 105 (55.3)* 20 (85.0) 37 (82.2) 46 (72.7) 32 (47.8)* 40 (38.6) 36 (46.2)*

BMI 28.2 ± 7.8 30.3 ± 10.7 27.6 ± 5.6 28.36 ± 5.0 27.6 ± 5.2 26.1 ± 4.4 25.3 ± 11.1
Hypertension, n (%) 168 (88.4)* 22 (95.0) 41 (91.1) 54 (83.6) 56 (83.6) 93 (90.0) 71 (81.6)
Coronary artery disease, n (%) 102 (53.7)* 14 (60) 30 (66.7) 34 (53.0) 31 (46.3)* 54 (52.3) 41 (47.1)
Diabetes, n (%) 71 (37.7) 11 (35.5) 19 (42.2)* 21 (26.9) 28 (41.8)* 39 (48.1) 78 (48.7)
CIRS-C score 4.8 ± 2.5* 5.4 ± 5.4 4.6 ± 3.9 4.5 ± 2.0 4.7 ± 2.0 5.0 ± 1.9 5.3 ± 2.0*

BADL lost 2.2 ± 2.0* 0.8 ± 1.7 0.7 ± 1.4 0.9 ± 1.4 1.7 ± 1.4 2.8 ± 1.9 3.5 ± 1.6*

NYHA II–III, n (%) 169 (88.9)* 20 (85.0) 39 (87.0) 56 (88.0) 59 (88.0) 93 (90.0) 71 (91.0)
LVEF ≤45%, n (%)† 127 (66.8)* 8 (35.0) 17 (38.0) 38 (60.0) 46 (69.0) 80 (78.0) 64 (82.0)*

BNP (pg/mL)b 572 ± 620* 300 ± 420* 362 ± 520 452 ± 420* 654 ± 410 520 ± 420* 765 ± 630*

GFR (mL/min)c 41.4 ± 11.6* 48.6 ± 18.6 65.3 ± 28.2 51.2 ± 10.4 55.2 ± 14.6 45.2 ± 16.4 38.0 ± 16.6
Drugs (n) 7.8 ± 3.0* 7.9 ± 2.7 8.4 ± 2.9 7.2 ± 3.1 7.5 ± 3.2 8.8 ± 3.1 8.1 ± 3.1
CRP (mg/dL)a 0.95 ± 0.30* 0.35 ± 0.40 0.51 ± 0.57 0.38 ± 0.34 0.60 ± 0.48 0.44 ± 0.38 1.10 ± 0.50*

m-Fi, score 23.3 ± 7.7* 12.1 ± 4.4 12.1 ± 2.9 22.5 ± 6.2 22.2 ± 3.1* 28.3 ± 4.8 30.7 ± 2.4*

Fried’s score 3.0 ± 1.3 0.7 ± 0.4 1.9 ± 1.0 2.6 ± 0.4 3.7 ± 1.2 4.3 ± 0.4 4.5 ± 1.3*

BADL, basic activity of daily living; BMI, body mass index; CIRS-C, cumulative index rating scale–quantity; CRP, C-reactive protein; GFR, glo-
merular filtration rate; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
*P < 0.05 vs. phy-Fi.
aEchocardiography was available in 72.0% of participants (n = 137).
bBNP was available in 41.0% of participants (n = 78).
cGFR was available in 88.0% of participants (n = 167).

Table 3 Outcomes observed in the study population stratified by physical (phy-Fi) and multidimensional (m-Fi) frailty score in absence
and in presence of heart failure (HF)

Outcomes

Frailty

Light Moderate Severe

phy-Fi m-Fi phy-Fi m-Fi phy-Fi m-Fi

No HF n = 717
(79.1%)

161 (22.5%) n = 247
(34.4%)

296 (41.3%) n = 231
(32.2%)

260 (36.3%) n = 239
(33.3%)

Mortality, n (%) 84 (11.7) 6 (5.7) 2 (0.8) 23 (9.5) 14 (6.3) 55 (15.0) 68 (28.5)*

Disability, n (%) 448 (62.4) 45 (43.7) 108 (43.7) 143 (57.7) 155 (69.5) 261 (71.0) 185 (77.4)*

Hospitalizations, n (%) 246 (34.3) 16 (16.0) 48 (19.4) 60 (24.3) 63 (28.3) 169 (46.1) 135 (56.5)*

HF n = 190
(20.9%)

n = 31
(16.3%)

n = 45
(23.7%)

n = 78
(41.1%)

n = 67
(35.3%)

n = 81
(42.6%)

n = 78
(41.1%)

Mortality, n (%) 39 (20.5) 2 (9.0) 0 (0.0) 11 (17.0) 7 (10.4) 26 (25.0) 32 (36.8)*

Disability, n (%) 150 (78.9) 17 (72.0) 19 (42.2) 51 (79.0) 54 (80.6) 82 (80.0) 77 (88.5)*

Hospitalizations, n (%) 104 (54.7) 7 (30.0) 12 (26.7) 31 (49.0) 24 (35.8) 66 (63.6) 68 (78.2)

*P < 0.05 vs. phy-Fi.

1374 G. Testa et al.

ESC Heart Failure 2020; 7: 1371–1380
DOI: 10.1002/ehf2.12688



vs. 25.0%, 88.5% vs. 80.0%, and 78.2% vs. 63.6%, respec-
tively) (Table 3).

To compare the performance of m-Fi and phy-Fi scores in
predicting outcomes, Cox regression analyses on mortality,
disability, and hospitalization were performed for both tools.
Figures 1 and 2 show the ability of m-Fi and phy-Fi scores to
predict events in the absence and the presence of HF, while
Table 4 reports the hazard ratios (HRs) derived from Cox re-
gression analysis, adjusted for age and sex. The analysis
showed that, when compared with phy-Fi score, m-Fi score
is more powerful in predicting mortality (HR: 1.05 vs. 0.66),
disability (HR: 1.02 vs. 0.89), and hospitalization (HR: 1.03

vs. 0.96) in absence and even more in presence of HF (mortal-
ity: HR: 1.11 vs. 0.63; disability: HR: 1.06 vs. 0.98; hospitaliza-
tion: HR: 1.03 vs. 1.14) (Figures 1 and 2).

Figure 3 shows receiving operating characteristics curves
for m-Fi and phy-Fi scores on mortality, disability, and hos-
pitalizations either in absence (left panels) or in presence
(right panels) of HF. Accordingly, AUCs values with m-Fi
score are better than phy-Fi score for mortality, disability,
and hospitalizations both in absence (0.782 vs. 0.649,
0.763 vs. 0.695, and 0.732 vs. 0.666) and in presence of
HF (0.824 vs. 0.625, 0.886 vs. 0.793, and 0.812 vs. 0.688)
(see Table 5).

Figure 1 Cox regression survival curves, adjusted for age and sex, of physical and multidimensional frailty on mortality (A), disability (B), and hospi-
talizations (C) in elderly patients outpatients in absence of heart failure (no HF) stratified according to the degree of frailty (light, moderate, and se-
vere). CHF, chronic heart failure.
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Figure 2 Cox regression survival curves, adjusted for age and sex, of physical and multidimensional frailty on mortality (A), disability (B), and hospi-
talizations (C) in elderly HF patients stratified according to the degree of frailty (light, moderate, and severe). CHF, chronic heart failure.

Table 4 Area under the curve in patients without and with heart failure (HF) stratified by physical (phy-Fi) and multidimensional (m-Fi)
frailty scores

No HF HF

Mortality
Frailty Area 95% CI P Area 95% CI P
phy-fi 0.649 0.584–0.713 <0.001 0.625 0.520–0.729 0.017
m-Fi 0.782 0.739–0.826 <0.001 0.824 0.766–0.881 <0.001

Disability
Frailty Area 95% CI P Area 95% CI P
phy-fi 0.695 0.653–0.736 <0.001 0.793 0.720–0.865 <0.001
m-Fi 0.763 0.725–0.800 <0.001 0.886 0.835–0.936 <0.001

Hospitalizations
Frailty Area 95% CI P Area 95% CI P
phy-fi 0.666 0.625–0.706 <0.001 0.688 0.613–0.763 <0.001
m-Fi 0.732 0.694–0.770 <0.001 0.812 0.750–0.875 <0.001

CI, confidence interval.
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Figure 3 Area under curves analysis of physical and multidimensional frailty on mortality (A), disability (B), and hospitalizations (C) in elderly patients in
absence (no HF) and in presence (HF) of heart failure. CHF, chronic heart failure.

Table 5 Cox regression analysis adjusted for age and sex in patients without and with heart failure (HF) stratified by physical (phy-Fi) and
multidimensional (m-Fi) frailty scores

No HF HF

Mortality
Frailty HR 95% CI P HR 95% CI P
phy-Fi score 0.66 0.51–1.05 0.127 0.63 0.43–1.07 0.214
m-Fi score 1.05 1.01–1.06 0.04 1.11 1.03–1.18 <0.05

Disability
Frailty HR 95% CI P HR 95% CI P
phy-Fi score 0.89 0.77–1.16 0.202 1.15 0.77–1.72 0.472
m-Fi score 1.02 1.01–1.07 <0.001 1.06 1.02–1.09 <0.001

Hospitalizations
Frailty HR 95% CI P HR 95% CI P
phy-Fi score 0.96 0.82–1.13 0.666 1.02 0.74–1.39 0.888
m-Fi score 1.03 1.01–1.05 0.004 1.14 1.05–1.18 <0.001

CI, confidence interval; HR, hazard ratio.
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Discussion

Our data indicate that the m-Fi score is able to predict out-
comes in absence and, more importantly, in presence of HF
better than the phy-Fi score. Accordingly, the m-Fi score
shows better AUCs than the phy-Fi score for mortality, dis-
ability, and hospitalizations, both in absence and in presence
of HF. Thus, the m-Fi score appears to be more accurate in
identifying and defining frailty in older adults with HF.

Frailty assessment in heart failure

Heart failure is a significant and growing public health prob-
lem worldwide, with high morbidity, mortality, and economic
and social costs.1–3 Indeed, HF implies peculiar clinical charac-
teristics in older adults.3 A large population-based study re-
cently reported that HF patients are characterized by
co-morbidity and inadequate nutritional and socio-economic
status.3 These ‘geriatric’ traits represent features of the HF
population, which often have not been considered in HF man-
agement and profoundly affect patients outcomes.13–19 In-
deed, these aspects represent the multidomain of frailty
and need to be better characterized in older HF adults.9

Although frailty is becoming one of the most critical issues
in public health, its assessment remains unclear.20 Fried et al.
first defined the frailty phenotype as a condition not directly
associated with a specific disease or disability, but rather with
reduced physical performance, and defined by the presence
of three or more of five criteria: involuntary weight loss, mus-
cle weakness, slow walking, asthenia, and reduced physical
activity.5 In contrast, the “multidimensional” frailty has been
defined as a clinical condition associated with known co-
morbidity, disability, malnutrition, and negative psychosocial
components.6,21 Both frailty definitions have been related
to adverse outcomes.22

In a recent meta-analysis, the prevalence of the frailty phe-
notype in HF patients ranged from 19% to 77%, while multi-
dimensional frailty ranged from 15% to 89% of the studied
populations suggesting a significant heterogeneity, and con-
sequently, a poor specificity of the assessment.10 More re-
cently, Zhang et al. after selecting and analysing 20
manuscripts out of over 950 considered, published between
2005 and 2017, confirmed that frailty, either physical or mul-
tidimensional, is a powerful predictor of events. Indeed, they
showed that frailty significantly increases the risk of all-cause
mortality (1.59-fold) and hospital readmissions (1.31-fold), re-
gardless of the timing and setting of the assessment, .22

While confirming the crucial role of frailty in HF, these find-
ings highlight some aspects of how frailty has been studied
in HF because its first description. In our opinion, the signifi-
cant amount of data on the association between frailty and
HF was generated starting from the lack of a clear definition
of frailty leading to inconsistency and, eventually, to both

underestimation and/or overestimation of the prognostic
power of frailty. In fact, in our study, the prevalence of pa-
tients with severe frailty was higher, with a lower prevalence
of light frailty, when assessed with phy-Fi compared with m-
Fi, both in absence and in presence of HF.

In the present study, the new approach (m-Fi score) based
on a multidimensional concept, involving not only physical
impairment but also mental, nutritional, and social compo-
nents, has been compared with the physical phenotype
(phy-Fi score), previously identified as the gold standard of
frailty.

Physical vs. multidimensional frailty score in the
assessment of older heart failure patients

In our study, the prevalence of New York Heart Association
class II–III subjects did not show significant differences be-
tween the two assessment tools, while reduced LVEF and in-
creased BNP values were significantly more present in
severely frail subjects assessed by the m-Fi score as compared
with phy-Fi score. Indeed, the phy-Fi score has the advantage
of being relatively easy to perform but also the significant dis-
advantage of identifying a frail condition that weights only
functional impairments.5 On the other hand, HF is a syn-
drome characterized by signs and symptoms shared with sev-
eral other medical conditions, which may include clinical
features physical frailty. This overlapping negatively affects
a reliable identification of frailty in the presence of HF, in
which key symptoms are related to poor physical perfor-
mance. Accordingly, when considering ‘physical’ frailty in HF
patients, frailty might be often blurred by HF-related signs
and symptoms.10 In contrast, a multidimensional approach
involving not only physical but also mental, nutritional, and
psychosocial components could be a more appropriate tool
for frailty identification.9,23

Indeed, the use of a more reliable frailty assessment tool is
crucial. Sze et al. compared the performances of three frailty
assessment tools: one physical (Fried’s) and two multidimen-
sional (the Edmonton frailty score and the deficit Index) and
showed that the physical frailty assessment tool showed high
sensitivity and highest false-positive rate with lower negative
and positive predictive power in identifying frailty when com-
pared with multidimensional tools, even if they do not report
on event prediction ability.24

Our comparison between physical and multidimensional
frailty assessment tools confirms the trend to overestimate
severe frailty (while underestimating light frailty) with the
phy-Fi score when compared with the m-Fi score, especially
in HF subjects. In addition, our frailty assessment was specif-
ically performed in older HF outpatients in the absence of
confounding factors because of the clinical setting and/or in
clinical instability condition. It is important to highlight the
importance of the timing of frailty assessment in terms of
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clinical stability.9 Of course, the assessment of frailty in a con-
dition of decompensated HF could lead to overestimating the
incidence of physical frailty and eventually, its prognostic
role.25 Specifically, our results have been obtained in
‘community-dwelling’ and not in ‘institutionalized’ older HF
patients (i.e. nursing home), in whom the presence of an ele-
vated degree of disability might be responsible for the high
rate of misdiagnosed HF, especially in the presence of
frailty.26

Limitations of the study

Echocardiographic data were not available for all subjects.
Other studies (i.e. Cardiovascular Health Study) enrolled sub-
jects with HF according to criteria similar to the ones used in
our current study (self-report with medical record
verification).27 In particular, the authors indicated that
self-reported HF was confirmed in 73.3% of men and 76.6%
of women.27 In addition, typical HF symptoms, such as
breathlessness and fatigue, present lack of specificity, and
HF elderly patients may be often misclassified, especially in
presence of co-morbidities. However, as specified above, in

our study, HF elderly patients were enrolled in our ‘outpa-
tients facility’ and, therefore, were mostly clinically stable
and newly diagnosed HF represented only a small part of
the sample.

Conclusions

The m-Fi score is the result of a multidomain assessment, and
it is able not only to identify multidimensional frailty but also
to determine its degree. The m-Fi score predicts mortality,
disability, and hospitalization better than the phy-Fi score in
absence and, even more, in presence of HF. Thus, the m-FI
score may be an important tool for the assessment of frailty
in elderly HF patients.
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