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ABSTRACT

Background: There is currently no gold standard for assessing frailty syndrome in the elderly population
with heart failure. The Cardiovascular Health Study (CHS) is a reference standard for evaluating frailty in
elderly individuals with heart failure. Still, it requires a dynamometer and a spacious space, rendering it
impractical in daily practice. The INA-FRAIL and Study of Osteoporotic Fractures (SOF) Index can often
be easy to use; however, it has not been evaluated for diagnostic performance on elderly patients with heart
failure in Indonesia. This study aimed to assess the diagnostic performance of INA-FRAIL and SOF-Index in
diagnosing frailty in elderly patients with heart failure. Methods: This cross-sectional study evaluated the
diagnostic performances of INA-FRAIL and SOF-Index compared to CHS as the gold standard in this study.
The population was heart failure patients aged > 60 at Cipto Mangunkusumo Hospital. Results: Analysis
from 81 samples shows the prevalence of frailty based on CHS (35.5%), INA-FRAIL (23.5%), and SOF-Index
(8,6%). Diagnostic performance analysis of INA-FRAIL showed a sensitivity of 55,17% (95% CI 35.69-73.55),
specificity 94.23% (95% CI 84.05— 98.79), and AUC 0.805 (95% CI 0.698—0.912). Diagnostic performance
analysis of SOF showed 20,69% sensitivity (95% CI 7.99 — 39.72), 98.08% specificity (95% CI §9.74 — 99.95),
and AUC 0.719 (95% CI 0.595 — 0.843). Conclusion: INA-FRAIL and SOF-Index had a significant association
with CHS. The cut-off point of INA-FRAIL >1 showed the highest sensitivity, while INA-FRAIL >2 showed the
highest Youden index. The cut-off point of SOF >1 showed the highest sensitivity and the highest Youden index.
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INTRODUCTION

Heart failure is a global pandemic with an
estimated 64.3 million people affected in 2017.!
The prevalence of heart failure increases with
age, reaching 18% at >60 years and twofold every
decade thereafter. Heart failure is the main cause
of death, morbidity, and hospitalization among
the elderly. Furthermore, before managing
heart failure in this population, multimorbidity,
polypharmacy, cognitive impairment, and
frailty should be considered. A comprehensive
assessment of geriatric syndromes is key
in determining prognosis, patient-centered
management, and improving overall clinical
outcomes in the elderly with heart failure.*

Frailty is defined as a condition characterized
by an increased individual’s susceptibility
to stress, followed by a decline in the body's
physiological functions as a process of aging. It is
considered one of the geriatric syndromes.>*The
prevalence of frailty in heart failure is 44.5%.
Frailty and heart failure have a bidirectional
connection; elderly people with heart failure are
more likely to develop frailty, and vice versa.
This is believed to be linked to inflammatory
processes, metabolic abnormalities, and
hormonal imbalances. It is reported that the
elderly with frailty and heart failure have a worse
prognosis, including increased risk of mortality,
hospitalization rates, disability, risk of falls,
decreased quality of life, and cognitive decline.*’

Although screening and diagnosis of frailty
are important to prevent complications, the
topic of frailty in Indonesia has received
insufficient attention for several reasons,
including the lack of government support in
developing healthcare policies and databases,
resulting in frailty screening and diagnosis being
frequently underestimated.® Previous research
has shown that some instruments, such as the
Tilburg-Frailty Indicator (TFI), Fried frailty
phenotype, Frailty Index-40 (FI-40), FRAIL
questionnaire, Edmonton Frail Scale (EFS), and
Survey of Health, Ageing, and Retirement in
Europe (SHARE), can be utilized to screen and
diagnose frailty in the Indonesian population.®
In addition, several instruments have also been
modified and adapted, such as the Indonesian
validated FRAIL Scale (INA-FRAIL) and the

Tilburg Frailty Indicator-Indonesia version.*!?

Frailty can be diagnosed using phenotype
models such as INA-FRAIL, Cardiovascular
Health Study (CHS), and the Study of
Osteoporotic Fractures (SOF) index.!>'* There
is currently no gold standard for assessing frailty
in the elderly population with heart failure.'*!
The CHS is considered a reference standard
in numerous studies and has been used to
diagnose frailty in elderly patients with heart
failure. However, it requires a dynamometer
and spacious room, making it inapplicable in
everyday practice.””!7 INA-FRAIL and SOF
Index, on the other hand, are reasonably simple
to use but have not been studied for diagnostic
performance in elderly patients with heart failure
in Indonesia. Thus, this study aims to assess the
diagnostic performance of INA-FRAIL and SOF-
Index in diagnosing frailty in elderly patients
with heart failure.

METHODS

The study was a cross-sectional study aimed
to assess the diagnostic performance of INA-
FRAIL and SOF-Index, using CHS as the gold
standard. The research population included
heart failure patients over the age of 60. The
sample was collected from December 2023 to
August 2024 at Poliklinik Jantung Terpadu
(PJT) and the Geriatric Outpatient Clinic at Cipto
Mangunkusumo Hospital (RSCM) in Jakarta,
Indonesia.

Study Population

The study participants were the elderly over
the age of 60 who had been diagnosed with heart
failure based on medical records, clinical signs,
and symptoms. This study's population includes
elderly people over 60 years old who have heart
failure with NYHA functional class I-II1.

Data Collection

The sampling method used in this study
was the consecutive method. Patients aged over
60 years from the PJT and geriatric outpatient
clinic in RSCM were assessed for eligibility
criteria. Patients who met the eligibility criteria
and agreed to informed consent were included.
Data collection included sociodemographic
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information, comorbid diseases and medication
history, anthropometric and nutritional status, as
well as the examination of CHS, INA-FRAIL,
and SOF index.

For frailty assessment with CHS, subjects
underwent interviews with respective
questionnaires, performed a walking speed
test with a distance of 4.75 m, and assessed
hand grip strength by holding or squeezing the
hand dynamometer measuring tool at the angle
of the elbow and knee by making a 90 ° angle
for 3-5 seconds. Measurements were repeated
three times, and the highest value was obtained.
For frailty assessment with INA-FRAIL,
patients underwent an interview with respective
questionnaires consisting of five questions.
For frailty assessment with the SOF-index, the
patient underwent an interview with a respective
questionnaire consisting of two questions and a
5-time ability test to get up from a chair without
hand assistance. There was a S-minute rest period
between the walking speed, handgrip strength,
and chair stand tests.

Data Analysis

The data were analyzed using IBM SPSS
for Windows version 25. We assessed the
normality of all quantitative variables using
the Kolmogorov-Smirnov test. Quantitative
variables were presented as median with
interquartile range (non-normal distribution)
or mean value with standard deviation (normal
distribution data). The qualitative variables
were reported as percentages. In this study, we
analyzed the sensitivity, specificity, positive
predictive value (PPV), negative predictive value
(NPV), and likelihood ratio (LR) of the INA-
FRAIL and SOF index using 2x2 tables. The
receiver operating characteristic (ROC) analysis
for INA-FRAIL and SOF index towards CHS
was performed to obtain the new cut-off point
and the Area Under Curve (AUC). According
to Hosmer and Lemeshow’s rule of thumb, the
AUC is considered good if it is > 0.7.'8

Ethical Clearance

This study was approved by the institutional
review board of the Faculty of Medicine,
Universitas Indonesia, with the number KET-99/
UN2.F1I/ETIK/PPM.00.02/2024. The informed
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consent was obtained after the patients had
received the information about the study.

RESULTS

Screening for inclusion and exclusion criteria
was carried out on 126 heart failure patients
aged >60 years who came to PJT and Geriatric
Outpatient Clinic RSCM in the period May 2024
to June 2024. We excluded 45 patients due to
several conditions, including having NYHA IV
classification, limited physical mobility, and
refusal to participate. Hence, 81 patients were
included in this study. The flow diagram of the
screening process is depicted in Figure 1.

The demographic characteristics in this
study revealed a median age of 68 years (64-74
years old), with the majority of subjects (53.1%)
being male. The NYHA classification class II
had the highest proportion (46.9%), followed
by NYHA I (30.9%) and NYHA III (22.2%).
The median ejection fraction was 57% (46%-
62.3%), with 64.2% of subjects having heart
failure preserved ejection fraction (HFpEF).
The causes of heart failure were coronary heart
disease (85.2%), cardiomyopathy (7.4%), heart
valve disease (3.7%), and arrhythmia (3.7%).
The mean body mass index (BMI) was 26.59,
with 38.3% of participants classified as Obesity
Class I. The MNA-Short Form score had a
median of 12. It is shown that 34.6% were
classified as at risk of malnutrition, while 9.9%
were classified as malnourished. A total 0 95.1%
of subjects received polypharmacy treatment
for several comorbidities, including diabetes

Heart failure patients with
aged >60 years old
(n=126)

Patients exluded:

* NYHA IV classification (n=21)

* Physical limitatton due to using
wheelchair (n=10)

» Unwilling to participate (n=14)

Patients included
(n=81)

Figure 1. The flow diagram of the subject screening process
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mellitus (59.3%), hypertension (85.2%), and
coronary heart disease (64.2%). Table 1 shows
the baseline characteristics of this study.

The frailty diagnosis proportion using CHS
was 35.5%, INA-FRAIL was 23.5%, and SOF
was 8.6%. According to the CHS, 45 (55.6%) of
the participants were classified as pre-frail, and

7 (8.6%) were classified as fit/robust. According
to the INA-FRAIL assessment, 38 subjects
(46.9%) were classified as pre-frail, while 24
(29.6%) were classified as fit/robust. Meanwhile,
using the SOF index, 19 subjects (23.5%) were
classified as pre-frail, and 55 (67.9%) were
classified as robust/fit (Table 2).

Table 1. Baseline characteristics of the patients

Characteristic

Subject (N=81)

Age (median, Q1-Q3), years
Gender, n (%)
Male
Female
Education level, n (%)
Unschooled
Elementary-Middle
High school
Bachelor-Diploma
Marital status, n (%)
Single
Married
Divorced
Widowhood
Income, n (%)
< Rp 1.500.000,00
Rp 1.500.000,00-Rp 2.500.000,00
Rp 2.500.000,00 — Rp 3.500.000,00
> Rp 3.500.000,00
NYHA classification, n (%)
Class |
Class I
Class IlI
Ejection fraction (Median, Q1-Q3)
HF classification, n (%)
HFpEF
HFmrEF
HFrEF
HF etiology, n (%)
Coronary heart disease
Cardiomyopathy
Valve disease
Arrhythmia
BMI (mean + SD)
Nutritional status, n (%)
Underweight
Normal
Overweight
Obesity Class |
Obesity Class Il
MNA-short form (Median, Q1-Q3)
MNA-short form classification, n (%)
Normal
Risk of malnutrition
Malnutrition
Polypharmacy, n (%)
Yes
No

68 (64-74)

25 (30.9)
38 (46.9)
18 (22.2)

57 (46-62.3)

52 (64.2)
15 (18.5)
14 (17.3)
69 (85.2)
6 (7.4)
3(3.7)
3(3.7)
26.60 + 4.53

2 (2.5)

17 (21)
11 (13.6)
31(38.3)
20 (24.7)
12 (10-13

45 (55.6)
28 (34.6)
8(9.9)

77 (95.1)
4(4.9)

203



Eka Ginanjar

Acta Med Indones-Indones J Intern Med

Comorbidities, n (%)

Diabetes 48 (59.3)
Hypertension 69 (85.2)
Thyroid disease 0(0.0)
Chronic liver disease 0(0.0)
Kidney disease 16 (19.8)
Neoplasm 0(0.0)
Hematology disorder 1(1.2)
AIDS 0(0.0)
Osteoarthritis 29 (35.8)
Autoimmune disease 0(0.0)
Coronary heart disease 52 (64.2)

NYHA: New York Heart Association, HF: Heart Failure, HFpEF: Heart Failure preserved
Ejection Fraction, HFmrEF: Heart Failure with mid-range or mildly reduced Ejection
Fraction, HFrEF: Heart Failure reduced Ejection Fraction, BMI: Body Mass Index,
AIDS: Acquired Immunodeficiency syndrome

Table 2. Characteristics of Frailty Syndrome

Erailty Syndrome CHS INA-FRAIL SOF Index
Yoy (n=81) (n=81) (n=81)
Frail 29 (35.8) 19 (23.5) 7 (8.6)
Pre-frail 45 (55.6) 38 (46.9) 19 (23.5)
Fit/Robust 7 (8.6) 24 (29.6) 55 (67.9)

According to the CHS component, the
majority of subjects had low hand grip strength
(79%) and low physical activity (53.1%). Weight
loss was observed in only four subjects (4.9%),
with the median anaerobic capacity being 140
kcal/mol.

In the INA-FRAIL instrument, it showed
that 34 subjects (42%) had poor resistance, 26
subjects (32.1%) had less activity, 45 subjects

(55.6%) had more than 5 comorbidities, 11
subjects (13.6%) had poor ambulation, and 7
subjects (8.6%) experienced weight loss.

The SOF Index questionnaire revealed that
8 subjects (9.9%) experienced weight loss, 9
subjects (11.1%) were unable to perform chain
stands, and 17 subjects (21%) had low energy
levels. The description of each component of the
instrument is presented in Table 3.

Table 3. Components of CHS, INA-FRAIL, and SOF Index

CHS Component

Subjects (N=81)

Weight loss, n (%) 4 (4,9)

Low hand-grip strength, n (%) 64 (79,0)
Fatigue, n (%) 19 (23,5)
Slow walking speed, n (%) 34 (42,0)
Low physical activity, n (%) 43 (53,1)
Anaerobic capacity (kcal), median (RIK) 140 (0 — 655)
INA-FRAIL Component Subject (N = 81)
Resistance, n (%) 34 (42.0)
Less activity, n (%) 26 (32.1)
Comorbidities > 5 illnesses, n (%) 45 (55.6)
Poor walking effort, n (%) 11 (13.6)
Weight loss, n (%) 7 (8.6)
SOF Index Component Subject (N = 81)
Weight loss, n (%) 8(9.9)
Chair stands, n (%) 9(11.1)
Low energy level, n (%) 17 (21.0)
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We performed a diagnostic performance
analysis on the INA-FRAIL instrument and
discovered that the results of the ROC analysis
score showed an AUC of 0.805 (95% CI 0.698
— 0.912) (Table 4). The diagnostic accuracy
analysis of INA-FRAIL for CHS showed a
sensitivity of 55.17% (95% CI1 35.69 - 73.55) and
a specificity of 94.23% (95% CI 84.05 - 98.79).
The result of PPV and NPV showed 84.21%
(95% CI 62.89 — 94.38) and 79.03% (95% CI
71.45 - 85.02), respectively, with +LR 9.56
(95% CI 3.04 - 30.09) and -LR was 0.48 (95%
CI10.32-0.72).

Table 5 shows various cut-offs for sensitivity
and specificity of INA-FRAIL towards CHS.
With a cut-off of >1, INA-FRAIL demonstrated
the highest sensitivity (89.7%) and specificity
(38.5%). Meanwhile, according to the Youden
index, a cut-off > 2 is considered optimal. Figure
2 depicts the ROC curve for the INA-FRAIL
compared to CHS.

In the ROC analysis of the SOF Index score
towards CHS, the AUC score was 0.719 (CI
95% 0.595 — 0.843). SOF-Index sensitivity was
20.69% (95% CI 7.99 — 39.72), and specificity
was 98.08% (95% CI 89.74 — 99.95), with PPV
and NPV were 100% (95% CI 39.76-100) and
77.49% (74.85-79.93), respectively. The result
of +LR was 10.76 (95% CI 1.36 — 85.07) and

Table 4. Diagnostic Accuracy Parameter of INA-FRAIL
towards CHS

Parameter Value Cl 95%
AUC* 0.805 0.698 - 0.912
Sensitivity, % 55.17 35.69 - 73.55
Specificity, % 94.23 84.05 - 98.79
PPV, % 84.21 62.89 - 94.38
NPV, % 79.03 71.45 - 85.02
+LR 9.56 3.04 - 30.09
-LR 0.48 0.32-0.72

*p value < 0.05

Table 5. Cut-off of Sensitivity and Specificity of INA-FRAIL
towards CHS

Cut-off Sensitivity, % Specificity, %
>1* 89.7 38.5
22 72.4 731
>3 55.2 94.2
24* 31.0 100%
25 6.9 100%

*p value < 0.05

-LR was 0.81% (95% CI1 0.67 —0.98). The ROC
curve of SOF-Index towards CHS is presented
in Figure 3.

ROC Curve
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Figure 2. ROC curve INA-FRAIL towards CHS

Table 6. Diagnostic Accuracy Parameter of the SOF Index
towards CHS

Parameter Value Cl 95%
AUC* 0.719 0.595 - 0.843
Sensitivity, % 20.69 7.99 - 39.72
Specificity, % 98.08 89.74 — 99.95
PPV, % 85.71 43.14 - 97.94
NPV, % 68.92 64.72 -72.83
+LR 10.76 1.36 — 85.07
-LR 0.81 0.67 —0.98

*p value < 0.05

Table 7. Cut-off of Sensitivity and Specificity of the SOF
Index towards CHS

Cut-off Sensitivity, % Specificity, %
21* 58,6 82,7
22 20,7 98,1
23 34 100

*p value < 0.05

DISCUSSION

Frailty is becoming a concern among the
elderly population that impacts health, energy,
and physical abilities by increasing a patient’s
vulnerability to stressors (e.g., falls, infection)
and risk of further decline.!® Frailty may affect
many organ systems, leading to worse clinical
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Figure 3. ROC curve SOF Index towards CHS

outcomes. Heart failure symptoms, particularly
in the latter stages, can overlap with frailty
signs and are often connected.'® Furthermore,
heart failure is considered to be linked to
frailty. Although somewhat understood, it is
mainly associated with increased inflammation.
Inflammation, which leads to tissue damage,
is linked to aging and heart failure, resulting
in an immunological response.® The pro-
inflammatory markers (e.g., TNF-a, 1L-6, and
C-reactive protein), along with hormonal as well
as metabolic problems, may lead to anabolic-
catabolic imbalance, thus worsening heart
failure. Other mechanisms that correlate frailty
to heart failure include sarcopenia, a persistent
decline in functional ability, and multisystem
symptoms such as tiredness and lower tolerance
to physiological stresses.*®* Furthermore,
establishing the diagnosis of frailty requires a
comprehensive approach to history taking and
physical examination, which emphasizes several
key elements.!” Patients suspected of being
frail should be evaluated with a valid frailty
assessment instrument.?’ Several instruments
are most often used to assess frailty, such as
the Fried frailty phenotype and the Rockwood
frailty index.?” In Indonesia, several instruments
have been adapted and modified to fit the needs
of patients, including the Indonesian validated
frailty Scale (INA-FRAIL) and the Tilburg
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Frailty Indicator Indonesian version. In this
study, we evaluated the INA-FRAIL and SOF
Index scores compared to CHS to examine the
frailty in HF patients.

This study involved 81 heart failure patients
aged > 60 years who came to the PJT and Geriatric
Outpatient Clinic at Cipto Mangunkusumo
National General Hospital. We found that the
majority of research subjects (53.1%) were men
with a median age of 68 years (64-74). Similarly,
a previous study by Mehta et al*® showed that the
incidence of heart failure in men was higher than
in women in all age groups, especially in the age
group over 55 years.

The most common cause of heart failure in
this study was coronary heart disease (85.2%).
This finding is consistent with prior research
conducted in the United States, Eastern Europe,
the Middle East, and South Asia.?* The median
EF in this study was 57% (46-62.3), with HFpEF
(64.2%) being the highest HF classification.
However, this contradicts prior research that
linked CHD to HFrEF. Other studies have
revealed that CHD is common in people with
HFpEF, with a prevalence of 35% to 60%. This
could be explained by the greater incidence of
epicardial CHD in HFpEF compared to HFrEF.
This indicates a stronger association between
epicardial CHD and HFpEF. Additionally, 85.2%
of those enrolled in this study had hypertension,
which is the primary cause of HFpEF. Apart from
that, as we demonstrated in our findings, HfpEF
is frequently observed in elderly individuals with
hypertension and obesity for the reason that it can
produce chronic inflammation, which leads to an
increase in adipose tissue in the myocardium,
culminating in cardiac remodeling. This cardiac
remodeling will lead to diastolic dysfunction,
which is the cause of HFpEF.>>-?’

The mean BMI among all participants was
26.59 + 4.53, with 38.3% classified as Obese
Class I. Furthermore, the MNA-SF score
analysis revealed a median of 12 (10-13), with
34.6% of participants at risk of malnutrition
and 9.9% experiencing malnutrition. The risk
of malnutrition and the presence of malnutrition
in this study are higher than those reported by
Sargento et al., who investigated the nutritional
condition of elderly individuals with HFrEF.
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According to Sargento et al., 20% of patients are
at risk of malnutrition, with 7.6% in fact dealing
with malnutrition.”® Zainul et al. also observed
that 40.5% of elderly patients with HFpEF
were at risk of malnutrition, with 19.3% already
suffering from malnutrition.”

In this study, 95.1% of participants had
polypharmacy. Another study by Unlu et al.
observed that 85% of geriatric patients with
heart failure received >5 medicines upon
admission and 95% at discharge.’® The high
rate of polypharmacy in heart failure may be
caused by heart failure management guidelines
that emphasize the effectiveness of combination
medication to improve the survival rate.’! The
significant polypharmacy rate in this study
can also be attributed to the high prevalence
of comorbidities among the study participants:
85.2% of the study participants had hypertension,
59.3% had diabetes, 19.8% had kidney illness,
and 35.8% had osteoarthritis.

The socioeconomic characteristics revealed
that most participants had an income of <
IDR 1,500,000 (60.5%). Furthermore, 48
of the 81 individuals (59.2%) earned IDR
0 or did not work. This could be due to the
research population's age, which has passed the
productive age, or to impairment in everyday
activities induced by heart failure.

In this study, the CHS instrument had the
highest proportion of frailty (35.5%), followed
by INA-FRAIL (23.5%) and SOF-Index (8.6%).
Compared to the previous study conducted by
Seto et al at RSCM, the prevalence of frailty
from the CHS and SOF instruments in this study
was higher. The disparities in frailty prevalence
could be caused by differences in the study
population, since the elderly with heart failure
individuals involved in this study would tend to
have a higher CHS score than the general elderly
patient population.’? Another study by Fajrin et
al., who also assessed the diagnostic performance
of CHS and FRAIL-Index in geriatric patients
undergoing chronic hemodialysis at Cipto
Mangunkusumo National General Hospital,
found a lower prevalence of frailty for CHS
(30.8%) but a higher prevalence for FRAIL
Index or untranslated INA-FRAIL (35.2%). The
explanation of INA-FRAIL components in the

study of Fajrin et al. revealed a higher proportion
of weight loss, tiredness, and slow walking pace
than in this study. In this study, the most common
NYHA functional classifications were class I
(30.9%) and class 11 (46.9%). This demonstrates
that the majority of research participants had
heart failure with minimal or no symptoms;
meanwhile, in Fajrin et al.'s study, participants
were patients with chronic kidney disease who
received hemodialysis, which can result in a
higher INA-FRAIL score.®

This study evaluated the diagnostic
performance of the INA-FRAIL and SOF-Index
instruments in comparison to CHS, the gold
standard. At present, no examination has been
agreed upon as the gold standard in diagnosing
frailty in the elderly population with heart
failure; hence, CHS is considered the reference
standard in diagnosing frailty in the heart failure
population using a phenotypic model, as it is
widely used and consists of a clinical subjective
and objective component. However, CHS
requires a dynamometer to evaluate hand grip
strength components and a wider room to analyze
walking speed. This limits the application of
CHS in outpatient clinics.

The study divided participants into groups:
INA-FRAIL >3 (Frail), INA-FRAIL <3 (Fit/
Prefrail), as well as CHS >3 (Frail) and CHS <3
(Fit/Prefrail). Data analysis between INA-FRAIL
and CHS revealed a significant connection
(p-value < 0.001) with diagnosis accuracy was
55.17% (95% CI135.69 - 73.55), specificity 94.23
(95% CI 84.05 - 98.79), PPV 84.21% (95% CI
62.89 - 94.38), NPV 79.03% (CI 95% 71.45 -
85.02), +LR 9.56 (95% CI 3.04 - 30.09), and
—LR 0.48 (95% CI 0.32 - 0.72). These findings
showed that only 55.17% of all patients classified
as frail based on CHS were identified as frail by
the INA-FRAIL.

Despite its high specificity, INA-FRAIL with
this grouping scheme has a high false negative
rate. Therefore, it is considerably too high to
be used as the initial examination/screening
method. To improve the accuracy of the analysis,
sensitivity and specificity tests were performed
on several INA-FRAIL score cutoffs. It shows
that the INA-FRAIL cut-off >1 had the best
sensitivity (89.7%) and specificity (38.5%).
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However, the Youden index (0.455) was highest
at the INA-FRAIL cut-off >2. The Youden
index is an indicator used to summarize the
measurement of the ROC curve. It can measure
the effectiveness of diagnostic markers and select
the optimal threshold value for the marker (cutoff
point). The optimal cutoff value with the Youden
index is the cutoff value that provides the best
balance between sensitivity and specificity.*
The ROC analysis showed an AUC of 0.805
(95% CI 0.698-0.912). This suggests that an
overall INA-FRAIL score of 0.455 shows good
diagnostic performance for CHS. The INA-
FRAIL cut-off value of >2 has good sensitivity
and specificity (72.4% and 73.1%, respectively).
It means that 72.4% of participants who were
frail based on CHS were detected as frail using
the INA-FRAIL instrument (true positive), but
only 26.9% of subjects who were not frail based
on CHS were deemed frail (false positive). The
INA-FRAIL >2 cut-off has a high true positive
rate for diagnosing frailty in older patients
with heart failure, since most patients with
frailty are diagnosed. From a false positive rate
perspective, initiating non-invasive therapy,
such as medical rehabilitation and nutritional
therapy, in patients with INA-FRAIL > 2 is safe
and beneficial to patients with frailty and will
not pose a risk to patients without frailty. Dong
et al. in China conducted another investigation
on the diagnostic accuracy of the FRAIL-Index
in geriatric patients, using the Fried Frailty
Phenotype/CHS as the gold standard, and
reported better diagnostic performance than this
study. Dong et al. discovered that at the FRAIL-
Index cut-off of >1, FRAIL-Index exhibited
a sensitivity of 97.83% and a specificity of
57.97%. The highest Youden index in Dong et
al.'s research was discovered at the FRAIL-Index
cut-off >2 (72.60), as in this study, with AUC
FRAIL-Index 0.91 (95% CI 0.87-0.95)." Dong
et al. in China conducted another investigation
on the diagnostic accuracy of the FRAIL-
Index in geriatric patients, using the Fried
Frailty Phenotype/CHS as the gold standard,
and reported better diagnostic performance
than this study. Dong et al. discovered that at
the FRAIL-Index cut-off of >1, FRAIL-Index
exhibited a sensitivity of 97.83% and a specificity
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of 57.97%. The highest Youden index in Dong
et al.'s research was discovered at the FRAIL-
Index cut-off >2 (72.60), as in this study, with
AUC FRAIL-Index 0.91 (95% CI 0.87-0.95).%
Aprahamian et al.*® Also conducted similar
research in Brazil using the Brazilian language
FRAIL-BR or FRAIL-Index. This study reported
a similar diagnostic performance to the present
study. A FRAIL-BR cut-off of >1 resulted in a
sensitivity of 85% and a specificity of 37%. The
Youden index was also found to be the highest
at the cut-off >2 with a value of 27%.

The research participants were divided into
two groups based on SOF-Index: SOF-Index
>2 (Frail) and SOF-Index < 2 (Fit/Prefrail).
The hypothesis test of the association between
SOF-Index and CHS yields a significant
relationship with a p-value of 0.004. The SOF-
Index diagnostic accuracy analysis revealed the
following results: sensitivity 20.69 (95% CI
7.99 - 39.72), specificity 98.08 (95% CI 89.74
- 99.95), PPV 85.71 (95% CI 43.14 - 97.94),
NPV 68.92 (95% CI 64.72 - 72.83), +LR 10.76
(95% CI 1.36 - 85.07), and -LR 0.81 (95% CI
0.67 - 0.98).

Similar to INA-FRAIL findings, the SOF-
Index's sensitivity with this grouping is still
insufficient for use as a screening instrument
despite its high specificity. These findings also
show that if the SOF-Index yields a negative/
robust result, there is only a 68.92% chance that
the result is truly negative, and only 20.69% of
patients who are positive/frail based on CHS
are equally positive/frail based on SOF. The
low sensitivity of the SOF-Index can be caused
by a high cut-off value, hence, a sensitivity
and specificity study was performed at each
cut-off value. The SOF-Index cut-off of >1
resulted in the highest sensitivity of 58.6%
and specificity of 82.7%. The greatest Youden
Index (0.413) was obtained at the SOF-Index
cut-off of >1. Although reducing the cut-off can
boost sensitivity, the SOF-Index instrument's
greatest sensitivity values are still insufficient
to be employed as a screening tool because
approximately 41.4% of patients who experience
frailty are categorized as not frail. As a result,
a significant proportion of frail patients will
receive insufficient medical attention. The SOF-
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index sensitivity and specificity findings may be
explained by SOF Index components that are
rare in patients with HF NYHA class I-I1I. The
ROC analysis in this study yielded an AUC of
0.719 (95% confidence interval 0.595 - 0.843),
indicating that the SOF-Index has good overall
diagnostic accuracy for CHS.

Previous research has also identified the SOF
Index as an instrument with low sensitivity but
high specificity. Shourick et al.’” Conducted a
similar study in which they compared the SOF-
Index's diagnosis accuracy to the gold standard
CHS in an older population in France. The SOF-
Index has a sensitivity of 66.6% (95% CI 57.2-
75.2), specificity of 84.2% (95% CI 80.8-87.2),
PPV of 47.8% (95% CI 39.8-55.9), and NPV
of 92.1% (95% CI 89.3-94.3) at a cut-off SOF-
Index of >2. A SOF-Index cut-off of >1 resulted
in a sensitivity of 65.5% (95% CI 60.7-70.1),
specificity of 72.6% (95% CI 66.4-78.3), PPV of
80.9% (95% CI 76.3-85.1), and NPV of 54.2%
(95% CI 48.5-59.9). Other investigations by Seto
et al. compared the diagnosis accuracy of the
SOF-Index in the geriatric population at RSCM to
the FI-40 gold standard. The diagnostic accuracy
analysis using a SOF-Index cut-off >2 resulted in
a sensitivity of 17.6% and a specificity 0£99.5%.*

This is the first study to compare the diagnostic
performance of INA-FRAIL with the SOF-Index
in an elderly population with heart failure. This
study also looked at the individuals' clinical
characteristics (NYHA classification, ejection
fraction, heart failure classification), heart
failure etiology, nutritional state, comorbidities,
polypharmacy, and socioeconomic level. This
research also analyzes each cut-off for each
instrument to obtain the cut-off with the best
performance. In addition, selection bias in this
study was well controlled through consecutive
sampling techniques. This study did not blind the
examiners, so the examiners will know the INA-
FRAIL and SOF scores when examining CHS.
However, detection bias is not a problem in this
study because the components of each instrument
are assessed by the subjects independently or are
objective and can be measured.

Considering the high prevalence of frailty
in the elderly population with heart failure, the

findings in this study can be useful for clinicians
to conduct screening for the diagnosis of frailty
cases in daily clinical practice. According to
this study, the INA-FRAIL instrument can be
used in the elderly population with heart failure
because it has high sensitivity, while the SOF
index instrument is less recommended because
of its poor sensitivity.

The limitation of this study is that the
proportion of heart failure classifications in
subjects was uneven between HFpEF, HFmrEF,
and HFrEF. This makes the results of this study
more representative of the elderly population
with HFpEF, which constitutes 64.2% of study
subjects, despite the fact that patients with HFrEF
are more likely to experience frailty. As a result,
further research involving the balance number
in each group of heart failure classification is
warranted to validate the findings.

CONCLUSION

In this study, INA-FRAIL and SOF-Index
were significantly associated with CHS. The
INA-FRAIL cut-off points of >1 demonstrated
the highest sensitivity, whereas the Youden index
yielded the highest value of >2. Furthermore,
SOF>1 demonstrates the highest both in
sensitivity and the Youden index.
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