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Abstract:The Cardiovascular Health Study (CHS), Study of Osteoporotic Fracture (SOF), and Tilburg Frailty

Indicator (TFI) scoring systems are known to be more applicable than Frailty Index Based on Comprehensive

Geriatric Assessment (FI-CGA) in community health services but their diagnostic capabilities have not been

known. The objective of this study was to find out the diagnostic test of frailty syndrome based on CHS, SOF, and

TFI to FI-CGA scoring system in Surabaya elderly community. This study was a cross-sectional analytic study

with diagnostic test approach that is calculating sensitivity, specificity, positive predictive value, negative

predictive value, positive likelihood ratio, negative likelihood ratio, and ROC curve of CHS, SOF, and TFI to FI-

CGA scoring system as reference standard. A total of 170 females and males aged >60 years who were enrolled

in elderly health center in this study. To classify frail and non-frail conditions, CHS had 78.57% sensitivity, 71.8%

specificity, and AUC value of 0.802 (CI=95%, p<0.001), SOF had 23.8% sensitivity, 87.5% specificity, and AUC

value of 0.739 (CI=95%, p<0.001), TFI had 71.43% sensitivity, 78.13% specificity, and AUC value of 0.859

(CI=95%, p<0.001). CHS and TFI have a good diagnostic capability to diagnose frailty syndrome in health

center for elderly in Surabaya.

Keywords: frailty; elderly; CHS; SOF; TFI; FI-CGA

I. INTRODUCTION

In the elderly, health problems come from declining body cells, so the function and body endurance decreased along

with increased risk factors for diseases and infections.[1], [2] Health status is divided into 3 in elderly, there are

fit/robust, pre-frailty, and frailty. An elderly person is regarded fit/robust when the cell homeostatic reserve exceeds the

number of the deficits, pre-frailty (latent and reversible clinical phase) when physiological reserves are sufficient to
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respond to stressors, while frailty when body physiological reserves and cell homeostasis are reduced, resilience against

stressors decreased, and increased susceptibility to illness, hospitalization and death.[3]–[5] Besides, the elderly person

is susceptible to memory loss and especially in women will experience menopause which can cause depression.[6], [7]

One of the most common causes of disability and death in elderly is frailty syndrome.[3] Frailty syndrome is

associated with an increased risk of death, falls, hospitalization, decreased functional capacity, and disability.[8]–[11]

However, frailty syndrome is known to have dynamic properties so that it can be prevented and restored.[12], [13] The

problem is, until now there is no guidance on simple measuring tools for the diagnosis of frailty syndrome, especially in

community health services.[10]

Diagnostic measuring tools for frailty syndrome were developed as a scoring system with the aim of accommodating

multidimensional factors of frailty. According to the calculated variables, the frailty syndrome diagnosis scoring system

is classified into 3 models, phenotypic model such as Cardiovascular Health Study (CHS) and Study of Osteoporotic

Fracture (SOF), multidimensional model such as Tilburg Frailty Indicator (TFI), and deficit accumulation model such as

Frailty Index 40 item (FI-40) and Frailty Index based on Comprehensive Geriatric Assessment (FI-CGA).[8], [14]

The FI-40 scoring system began to be developed in 2001 by Rockwood and Mitnitski and it is widely regarded as the

gold standard for measuring frailty syndrome. However, FI-40 has limitations to use in community health services

because it, for example, requires special measuring devices (spirometer and dynamometer), trained examiners, and takes

a long time to process for 20-30 minutes.[14], [15] Compared to FI-40, FI-CGA is easier and shorter because it does not

require special tools.[8], [16]

The FI-CGA system is one of the best measuring tools for diagnosing frailty syndrome because it includes physical,

social, and psychological components of frailty, has a high correlation with negative outcomes from frailty, and can be

done in community health services and clinic.[16], [17] Several studies report that the FI-CGA scoring system has the

ability to predict negative outcomes from frailty as good as the FI-40 scoring system. In predicting the mortality rate in

the next 2 years and 5 years, the Receiver Operating Characteristic (ROC) analysis shows that the Area Under Curve

(AUC) of FI-40 and FI-CGA have differences that are not much different. The FI-40 scoring system had AUC in

predicting mortality of the next 2 years and 5 years of 0.77 (95% CI, 0.75–0.79) and 0.75 (95% CI, 0.74–0.77 );

followed by the FI-CGA scoring system with AUC of 0.75 (95% CI, 0.73–0.77) and 0.74 (95% CI, 0.72–0.75).[17] The

limitations of FI-CGA are that it requires impractical examination procedures due to the large number of items being

assessed and requires expert examiners.[12] With the consideration that FI-CGA is easier to use in community health

services and has the same diagnostic capability as FI-40, in this study FI-CGA was chosen as a reference standard for

other scoring systems.

On the other hand, a diagnosis scoring system for frailty syndrome that is easy to do by doctors and medical

personnel in community health services includes the CHS scoring system, the SOF, and the TFI. However, the

diagnostic ability of each of these scoring systems in community health services in Indonesia has not been widely

known.[8], [14] Therefore, this study examined the diagnostic test for frailty syndrome based on CHS, SOF, and TFI

scoring systems according to the FI-CGA scoring system in elderly community treated at integrated care post at a

community health center in Surabaya.

II. EXPERIMENTAL, MATERIALS AND METHODS

This study was an analytic study with cross sectional design. A total of 170 research subjects were randomly

selected from 5 integrated care post (posyandu) from each health centers in regions of Central, North, South, East and

West Surabaya. Subjects were women and men aged >60 years registered at the integrated care post (posyandu) of

health centers in Surabaya in 2018 and able to communicate in Indonesian. Exclusion criteria of this study were elderly
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with acute infectious disease, hospitalization history of <30 days, history of unstable angina, myocardial infarction <2

months before examination, impaired intellectual function and or severe cognitive decline (AMT score <8, MMSE score

<18), as well as a history of new fractures and or a history of surgery <6 months.

In the sampling activities, the assessment of frailty syndrome based on FI-CGA as the reference standard was only

carried out by the researchers, while the assessment of frailty syndrome based on CHS, SOF, and TFI was carried out by

two research assistants who had been trained. In an effort to avoid bias, researchers and research assistants did not know

each other's results. Before conducting the study, the researchers conducted an inter-rater agreement between research

assistants in the form of a frailty diagnosis examination based on CHS, SOF, and TFI scoring systems in 10 patients of

the Geriatric Clinic, Dr. Soetomo Hospital. From the subjects, we collected data through interviews, physical

examination, functional status, cognitive, physical performance, anthropometric measurements based on questionnaires

and procedures for measuring the FI-CGA, CHS, SOF, and TFI scoring systems. All research data were tabulated and

analyzed using SPSS version 20.0 software to calculate the value of sensitivity, specificity, positive predictive value

(PPV), negative predictive value (NPV), positive likelihood ratio, negative likelihood ratio, and Receiver Operating

Characteristic (ROC) curve to obtain the Area Under Curve (AUC) value. AUC interpretation with a statistical approach

classifies the strength of the diagnostic value to be very weak (AUC 50-60%), weak (AUC 60.1-70%), moderate (AUC

70.1-80%), good (AUC 80.1-90 %), and very good (AUC> 90%).

III. RESULTS AND DISCUSSION

In this study the prevalence of frailty syndrome yielded a wide variety of values when measured with 4 system

scores (FI-CGA 24.7%, CHS 40.6%, SOF 15.3%, and TFI 34.1%). The subjects of this study were 170 members of the

Elderly Integrated Care Post in Surabaya consisting of 130 females (76.5%) and 40 males (23.5%) with the age of 60

years, median 63 years, and age range 60-84 years. Frail subjects had older age median, which was 65 years. Most of the

subjects had a low level of education (62.3%, n=106), sufficient economic level (77%, n=131), not working (65.3%,

n=111), and in full family coverage (51.8%, n=88) (Table 1). The geriatric profile showed that most of the study

subjects were independent elderly (71.2%, n=121), had normal cognitive function (71.2%, n=121), without signs of

depression (90.6%, n=154), had normal nutritional status with good MNA (70%, n=119) and with normal BMI (54.7%,

n=93), and had musculoskeletal comorbidities (68.8%, n=117). The physical performance of most of the study subjects

showed a slowing of walking speed with examination of timed up and go (TUG) test (77.1%, n=131) and 15 feet

walking test (15FWT) (81.8%, n=139), balance disorder with functional reach examination ( 51.2%, n=87), normal hand

grip strength (66.5%, n=113), normal physical activity (63.5%, n=108), and normal results of 5 time sit to stand test

(94.1%, n=160).

Diagnostic Tests of CHS, SOF, and TFI to FI-CGA Scoring systems

In this study, the results of the diagnostic tests were sensitivity, specificity, PPV, NPV, positive likelihood ratio,

negative likelihood ratio, and AUC for each scoring system shown in Table 2 and Figure 1. The CHS scoring system has

a sensitivity value of 78.57%, specificity 71.8%, PPV 47.8%, NPV 91.1%, RKP 2.8, RKN 0,3 and AUC were 0.802

(CI=95%, p <0.001). The SOF scoring system had a sensitivity value of 23.8%, specificity 87.5%, PPV 38.46%, NPV

77.78%, positive likelihood ratio 2, negative likelihood ratio 0.86, and AUC 0.739 (95% CI, p<0.001). The TFI scoring

system had a sensitivity value of 71.43%, specificity of 78.13%, PPV of 51.72%, NPV of 89.29%, positive likelihood

ratio of 3, 26, negative likelihood ratio 0.37, and AUC of 0.859 (CI=95%, p<0.001) which was the highest AUC value

among the three scoring systems tested, CHS, SOF, and TFI.

The CHS and TFI scoring systems had good diagnostic ability to diagnose frailty syndrome in the community. While

the SOF scoring system did not have good diagnostic capabilities. Even so, the positive results obtained from the
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diagnosis of frailty syndrome based on the CHS and TFI scoring systems must be accompanied by a confirmation of

frailty diagnosis in higher geriatric health services. This statement is similar to the previous statement that concluded

that CHS and TFI scoring systems may be used as diagnostic measures in the community, but frailty index scoring

system still required further confirmation.[18], [19]

Physiologically elderly experience irreversible decline in cognitive function due to the aging process and progressive

degenerative changes.[20] One of various risk factors can affect cognitive status was vascular condition which cause

increase in blood pressure.[21], [22] This study found that AUC values were not much different but had different

sensitivity and specificity values compared with the other studies.[5] This difference can be due to differences in the

characteristics of the study subjects, where the subjects in this study were younger and had good cognitive status

compared to other studies. The higher sensitivity value in this study was suggested to result from the subjects who had a

good cognitive status in answering questionnaire and following the examination instructions. This was evident from the

percentage of measurement domains through interviews, which in this study yielded higher results in the domain of

fatigue and the domain of decreased physical activity. While the difference in the value of specificity was also thought

to be due to differences in the characteristics of the research subject. Previous study found that 65.5% of the frail

research subjects experienced weakness in hand grips, whereas in this study only the percentage was 12.7%. On the

other hand, the CHS scoring system in this study was not much different in AUC value compared with other studies.[5]

The SOF scoring system had a sensitivity value of 23.8%, specificity 87.5%, PPV 38.46%, NPV 77.78%, positive

likelihood ratio 2, negative likelihood ratio 0.86, and AUC 0.739 (95% CI, p <0.001). The low sensitivity value of the

SOF scoring system was supported by the previous study which obtained a SOF sensitivity value of 17.6% and 99.5%

specificity to distinguish frailty and non-frailty conditions.[23] The sensitivity value of the low SOF scoring system was

thought to be due to the lack of sensitivity of the 5 time of sit to stand (5TSST) examination test in assessing the

physical performance of an elderly person. The assumption resulted from the findings in this study that most of the

subjects had normal results in the 5TSST examination, but showed a decrease in physical performance on TUG and

15FWT measurements. The person in advanced age is likely to experience a decrease in physical quality such as a

weakness in his legs.[24] Also, the 5TSST is a qualitative assessment by only assessing the ability to complete

examination orders without time constraints, while the TUG and 15FWT examination is an examination with a time

limit as the examination procedures to be re-categorized according to the percentile (semi-quantitative). In addition, the

AUC value was not much different from that in a previous study which conducted SOF diagnostic test on 9704 women

aged 65 years in the United States community. Their study found that the SOF scoring system had AUC of 0.72 (p=0.10)

to predict mortality in frail patients.[25] The AUC value of the study was not much different caused by the

characteristics of the subjects in this study, where the majority of whom were females.

The findings in TFI scoring system had a sensitivity value of 71.43%, specificity of 78.13%, PPV of 51.72%, NPV

of 89.29%, positive likelihood ratio of 3, 26, negative likelihood ratio 0.37, and AUC of 0.859 (CI=95%, p<0.001)

which was the highest AUC value among the three scoring systems tested, CHS, SOF, and TFI. The value obtained by

this study did not show much difference compared with the other studies in predicting frail elderly disability. It is caused

by the psychological domain which dominated the frail subjects. Most of the frail subjects showed positive results on

anxiety feeling domains and feelings of inferiority.[5]

This study had several limitations, including the characteristics of subjects who showed that the ratio of females and

males was much higher than the general ratio of elderly females and males in general in Indonesia. Thus, further studies

with the characteristics of subjects that are closer to the characteristics of the elderly in general in Indonesia is highly

necessary.
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IV. CONCLUSION

CHS and TFI scoring systems can be used as diagnostic tools for frailty syndrome in community health services.
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Table 1. Characteristics of research subjects on various frailty statuses based on the FI-CGA scoring system

Variables
Total

(Percentage)

Frail

subjects

n=42

Pre-frail

subjects

n=50

Fit

subjects

n=78

Gender  Females
130 (76.5%)

32

(18.8%)
36 (21.2%)

62

(36.5%)

 Males 40 (23.5%) 10 (5.8%) 14 (8.2%) 16 (9.4%)

Marriage

status  Married
91 (53.5%)

26

(15.3%)
24 (14.1%)

41

(24.1%)

 Widow/~er due to

death
72 (42.4%) 17 (10%) 22 (12.9%)

33

(19.5%)
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 Widow/~er,

divorced
3 (1.8%) 0 (0%) 2 (1.2%) 1 (0.6%)

 Unmarried 4 (2.4%) 1 (0.6%) 0 (0%) 3 (1.8%)

Level of

education
 Low

 (no education -

elementary)
106 (62.3%)

35

(20.6%)
23 (13.5%)

48

(28.2%)

 Middle

 (junior-senior

high)
53 (31.2%) 16 (9.4%) 12 (7.1%)

25

(14.7%)

 High (university) 11 (6.5%) 1 (0.6%) 5 (2.9%) 5 (2.9%)

Economic

status  Low 31 (18.2%) 9 (5.4%) 11 (6.8%) 11 (6.8%)

 Moderate
131 (77%)

32

(18.8%)
40 (23.5%)

59

(34.7%)

 More than

moderate
8 (4.7%) 3 (1.8%) 1 (0.5%) 4 (2.4%)

Living

coverage by  Self
40 (23.5%) 3 (1.8%) 11 (6.5%)

26

(15.2%)

 Part from

others/family 42 (24.7%) 10 (5.9%) 17 (10%) 15 (8.8%)

 Fully from

others/family
88 (51.8%)

29

(17.1%)
22 (12.9%)

37

(21.8%)

Recent

occupation
 No work

(including retired)
111 (65.3%)

32

(18.8%)
29 (17.1%)

50

(29.4%)

 Entrepreneur
43 (25.3%) 8 (4.8%) 16 (9.4%)

19

(11.1%)

 Private sector 9 (5.3%) 2 (1.2%) 1 (0.6%) 6 (3.5%%)

 Others 7 (4.1%) 0 (0%) 4 (2.4%) 3 (1.7%)

Table 2. Comparison of CHS, SOF, and TFI scoring systems in distinguishing frailty and non-frailty syndromes (fit and

prefrail)

Sensitiviy Specificit

y

PPV NPV positive

likelihood

ratio

negative

likelihood

ratio

AUC

CH

S

78.57% 71.8% 47.8% 91.1% 2.8 0.3 0.802

SO

F

23.8% 87.5% 38.46% 77.78% 2 0.86 0.739
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TFI 71.43% 78.13% 51.72% 89.29% 3.26 0.37 0.859

Figure 1. ROC curve of the diagnostic test of CHS, SOF, and TFI scoring systems to FI-CGA

in classifying frailty and non-frailty


