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1. INTRODUCTION
Currently, frailty syndrome is a novel but emerging concept in 
geriatrics. Unlike old age, comorbidity, and disability,1 frailty is 
generally considered to be part of a transition period preceding 
the occurrence of dysfunction in older adults.2,3 It is not only the 
precursor of functional degradation in elderly populations but 
also the onset of multiple vicious cycles of aging-related syn-
dromes.4 Frailty represents many aggregated phenomena such 
as weight loss, sarcopenia, fatigue, appetite loss, abnormal gait 
and balance, as well as bone loss, which result from common 
clinical symptoms.4 In addition, some scholars have proposed 
to assess the occurrence and severity of the frailty syndrome to 
predict aging-related health deterioration5 and the probability of 

adverse conditions such as falls, fractures, and death.6 Therefore, 
compared with the simple concept of aging, frailty is clinically 
more important for older adult population.

In general, the factors contributing to frailty can be classi-
fied into two groups (i.e., biomedical and psychosocial factors7) 
both of which determine an individual’s capability to cope with 
environmental stresses.7 As one gets older, the ability of his/
her internal organs and systems to simultaneously resist envi-
ronmental stresses and maintain homeostasis decreases.4 Once 
certain debilitating factors reduce a person’s stress tolerance to 
a level that leaves him/her incapable of confronting environ-
mental pressure, his/her physical condition gradually declines 
such that he/she develops frailty and disability. Likewise, when 
a frail elderly person is continuously exposed to environmental 
pressure, he/she is in danger of gradually developing a disability 
owing to this prolonged exposure even though the environmen-
tal pressure is minor and poses no immediate life-threatening 
risks.7

Because the older adult population increases each year 
around the world, the corresponding population of frail elderly 
is also expanding proportionally. Thus, the overall cost of medi-
cal care and social welfare is increasing and becoming a bur-
den for the society and the economy.7 Owing to the increasing 
importance of characterizing the frailty syndrome, Fried et al.2 
have developed a set of assessment methods called Fried frailty 
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criteria. These criteria are based on an assumption that a per-
son’s frailty results from the progressive decline of physiological 
functions in multiple systems of his/her body. To operationally 
define whether an elderly person is in the frailty stage, the fol-
lowing five criteria are needed: involuntary rapid weight loss, 
self-reported exhaustion, low physical activity, slow walking 
speed, and muscle weakness. An elderly person is considered to 
be in the frailty stage if he/she meets at least three of the five 
criteria, which surpasses the threshold standards. In addition, an 
elderly person is considered to be in the prefrail stage if he/she 
meets one or two criteria, which exceeds the threshold stand-
ards. Finally, an elderly person belongs to the “nonfrail group” 
or is in the “robust” stage if he/she does not meet any of the 
abovementioned criteria above the threshold standards, i.e., he/
she does not show any signs of weakness.

Because the increasing number of elderly individuals has 
become an unavoidable trend in society, the current priority 
is to develop ability to correctly diagnose the “prefrail” stage 
for early detection and intervention of the frailty syndrome to 
inhibit functional deterioration.8 It is essential to keep those 
individuals in the prefrail stage from transitioning to the frailty 
stage.2,3 Therefore, the objectives of this study were to develop 
a new, automated, and computerized platform for the frailty 
assessment tools (FAT) system for the early detection of individ-
uals who are in the “prefrail” stage and to compare the results 
of evaluating older adult population using the FAT system with 
the corresponding determination made by Fried frailty criteria, 
for identifying physical tests that can be effectively applied to 
predict the prefrail stage.

2. METHODS

The study protocol included three steps: (1) to develop the FAT 
system to perform appropriated physical performance tests; (2) 
to compare the screening results of the FAT system with the 
classification of Fried frailty criteria to identify the effective 
predictors of pre-frailty; and (3) to organize a quantified index 
indicating the frailty degree of elderly population.

2.1. Study design and elements

2.1.1. System framework
The concept of FAT system organization is based on combin-
ing appropriate physical performance examination tests into 
one computerized automatic screening platform, which includes 
specific sensors, measurement technology, and user interface. 
The data representing physical performance test results were 
collected, recorded, calculated, and analyzed. Meanwhile, Fried 
frailty criteria were programmed in advance, and the conditions 
of frailty status were judged and grouped automatically.

When considering mobility and portability, the elements 
of system hardware were designed to be quickly and easily 
disassembled and reassembled. In combination with a graphi-
cal user interface (GUI) software program written in NI 
LabVIEW that was executed on a laptop personal computer, 
the FAT system could provide visual and auditory feedback 
for elder subjects.

The entire system framework is shown as Fig. 1. During phys-
ical performance tests, signals detected by sensors were captured 
by a digital and analog data acquisition (DAQ) unit and trans-
mitted via a universal serial bus (USB) port to the laptop PC. 
These signals were further converted by acquisition driver (NI 
DAQmx), calculated and managed by the NI LabVIEW soft-
ware, and then shown to elder subjects in the form of sounds and 
lights. In addition, performance data were automatic recorded 
and saved in files.

2.1.2. Physical performance tests
The common physical performance tests used in previous stud-
ies were reviewed. Considering clinical applicability and time 
consumption, six physical performance tests for frailty screening 
were selected, as follows.

(1) Single leg standing (SLS) test

SLS test is a clinical tool to assess postural steadiness in a 
static position by quantitatively measuring the time of maintain-
ing balance while standing on each leg without any support.

(2) Repeated chair rise test (RCRT), five times sit to stand test

RCRT measures how quickly one can stand from a chair and 
sit down five consecutive times.9 This test has been widely used 
to identify people with and without balance/vestibular dysfunc-
tion10 and identifying elderly subjects with postural instability 
and at high risk of falling.10

(3) Timed up and go (TUG) test

The test requires a subject to stand up, walk 3 m, turn, walk 
back, and sit down. Time taken to complete the test is strongly 
correlated with the level of functional mobility. Older adults who 
are able to complete the task in less than 20 seconds have been 
shown to be independent in transfer tasks involved in activities 
of daily living. However, older adults requiring 30 seconds or 
longer to complete the task tend to be more dependent in activi-
ties of daily living and require assistive devices for ambulation.11

(4) Gait speed, self-selected walking speed (SWS)

Gait speed indicates a multisystemic wellbeing; slow gait 
speed may suggest a subclinical impairment in health status. 
Gait speed measurement allows to detect adverse outcome of 
older people. In addition, it has been suggested that SWS is an 
appropriate standard clinical elderly evaluation tool among var-
ious walking speeds.12

(5) Functional reach test (FRT)

FRT is a common tool for evaluating the dynamic standing 
balance of elderly. The test is designed to assess anteroposte-
rior (AP) stability by measuring the maximum distance that one 
can reach forward beyond arm length at shoulder height while 
standing over a fixed support base.13–15 This test has been origi-
nally designed as a measure of limits of stability (i.e., center of 
pressure excursion15) and is valuable for identifying older people 
who are frail and who have a high risk for falls.13

(6) Grip strength/power (GP)

GP test determines the maximal grip force that can be pro-
duced in one muscular contraction.16 It is convenient, safe, 
reliable, and does not require large or expensive equipment.17 
Consequently, this test has been used as an indicator of overall 
muscle strength16–18 and is an accurate predictor of all causes of 
mortality in elderly persons.19

2.2. FAT system establishment
The FAT system consists of two parts: (1) a portable and auto-
matic hardware and (2) a software with a visual and auditory 
human-machine control interface.

2.2.1. Hardware settings
The motion of subjects was captured and recorded by sensors 
and meters including four ON/OFF switches (each containing 
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four microswitches), one functional reach distance meter (linear 
wire potentiometer), and one GP meter (aluminum alloy handle 
with four strain gauges). Signals produced by physical perfor-
mance tests were transmitted to the signal management center, 
which was mainly composed of a DAQ unit (NI USB-6009); 
then, the signals were transferred to a driver-mounted laptop PC.

In addition, one 3-m walkway, a standard armless chair, and 
a set of projector and display screen were accessory equipment 
to assist in performing tests.

2.2.2. Software program
The computerized testing program of the FAT system was 
developed with a graphic language software, NI LabVIEW 
8.5 (National Instruments Corporation’s Laboratory Virtual 
Instrument Engineering Workbench, 2007), which is a visual 
programming platform that is based on virtual instrument 

technology and GUI. When the software is connecting to specific 
sensors through hardware driver (NI DAQmx 8.9), it is possi-
ble to easily design a human-machine interactive program with 
visual and auditory feedback and obtain physical performance 
testing results quickly and accurately.

The FAT system software program included eight main func-
tion windows (data collection, SLS test, RCRT, TUG test, SWS 
measure, functional reach distance meter, GP measure, and com-
ments), and several accessory subfunction modules (calibration, 
data acquisition, frailty grouping, save data, recall data, and 
play demo video) (Fig. 2).

2.2.3. Data processing and parameters
All voltage signals gathered from sensors were automatically cal-
culated and transformed into physical performance test results. 
The result of the SLS test was the longest time among all four 

Fig. 1 Hardware setting of the frailty assessment tools system. (a) PC system with LabVIEW. (b) ON/OFF switches for posture change recognition for standing, 
sitting, leg lifting, and walking time counting. (c) Grip power measurement. (d) Functional reach distance meter. (e) Feedback for the participants.

Fig. 2 Function window of the frailty assessment tools (FAT) system. The FAT system software program includes eight main function windows (data collection, 
single leg standing test, repeated chair rise test, timed up and go test, self-selected walking speed measure, functional reach distance meter, grip power 
measure, and comments) and several accessory subfunction modules (calibration, data acquisition, frailty grouping, save data, recall data, and play demo video).
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trials (two for each leg).20 The results of RCRT and TUG test were 
the average time of two trials.21,22 The result of SWS was the fast-
est speed of four trials (two trials in each direction).6 The result 
of FRT was the average body height-normalized23–25 distance of 
three trials.22 The GP test result was the best power of three trials.2

In addition, age, gender, and body mass index (BMI) were 
calculated and recorded. Except for the nominal variable age, all 
other parameters were continuous variables.

2.3. Characteristics of the prefrail early detection of FAT 
system

2.3.1. Participants
People over 65 years of age were randomized recruited in the 
Rehabilitation Department at a teaching hospital in New Taipei 
City. The exclusion criteria were as follows: inability to walk 
without assistance for 10 m, history of hip replacement,5 inabil-
ity to follow gestural or verbal commands,26 or any changes in 
medications for at least 6 months before enrolling in the study. 
All subjects were instructed to read and sign a separate written 
informed consent form, with help of a family member when sub-
jects had difficulty in reading. The study protocol was approved 
by the Institutional Review Board of National Yang-Ming 
University for medical morality and ethics to ensure personal 
safety and rights of participants in the experiment.

2.3.2. Experimental procedure
All screening examinations were indoor activities, and no spe-
cial clothing or equipment was required on subjects’ bodies. The 
sensors and meters were placed on the seat, walkway, or beside 
them to prevent interference with the progress of the experiment.

First, the subjects were instructed to sit well and watch a dem-
onstration video played by the FAT program. Next, questionnaires 
about the date of birth, gender, height, weight, and dominant hand 
were completed by the participants. Six physical performance tests 
were performed in the orders of SLS, RCRT, TUG, SWS, FR, and 
GP. Sound and light were provided as auditory and visual cues 
during each physical performance test. There was a 3-minute 
break between each physical performance test to avoid interfer-
ence effects between different tests. During the tests, computation 
and recording of data, and classification of frailty status were exe-
cuted simultaneously. Finally, the FAT program showed test results 
and frailty group to be confirmed and subsequently saved.

2.4. Statistical analysis
Statistical package for the social sciences  (SPSS Inc. Released 
2008; SPSS Statistics for Windows, Version 17.0., SPSS Inc., 
Chicago) was used for statistical analysis. The significance level 
was set at 0.05 (α = 0.05). According to the study objectives, 
statistical analysis was partitioned into two steps, as follows 
(Fig. 3).

2.4.1. Difference in variables between prefrail and robust 
groups
To evaluate the prefrail detection by the FAT system, the parame-
ters of prefrail and robust groups were compared to identify effec-
tive predictors of prefrailty. The χ2 test was used to compare the 
only nominal variable, age. All other parameters, continuous vari-
ables, were first checked for normal distribution. Then, independ-
ent samples t test and Mann-Whitney U test were used to analyze 
normal and non-normal distributive variables, respectively.

2.4.2. Probability of elders of being prefrail
A binary logistic regression model was applied to identify a rela-
tionship between prefrail and physical performance test results. 

Independent variables were significantly different parameters 
between the two groups, and the dependent variable was group 
categories. The formula of the binary logistic regression model is
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where Z represents the statistic of episode occurrence; X1, X2, 
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3. RESULTS

3.1. Demographic data
A total of 35 elderly were recruited in our study. There were 
21 males (mean age: 70.00 ± 6.09 years old; height: 165.86 ± 
4.86 cm; body weight: 65.84 ± 9.37 kg; BMI: 23.99 ± 3.68 kg/
m2) and 14 females (mean age: 72.07 ± 5.05 years old; height: 
150.54 ± 5.56 cm; body weight: 55.07 ± 10.30 kg; BMI: 24.16 
± 3.34 kg/m2). The participants were categorized into three 
groups according to Fried frailty criteria, including the robust 
group (6 males/6 females), prefrail group (13 males/6 females), 
and frailty group (2 males/2 females). The mean age, height, 
weight, and BMI in each group are shown in Table 1. A total 
of 17 subjects were categorized into the prefrail group owing 
to the failure in five events of Fried frailty criteria; the event 
with the highest number of failures was GP (17 participants). 
The results of demographic data and examinations consisted of 
one nominal variable (gender) and eight continuous variables. 
After the analysis, only BMI, FRT, SWS, and GP data showed 
normal distribution. The BMI, gender, and age data did not 
show any statistically significant difference between prefrail and 
robust groups. Out of six physical performance tests, the robust 
group subjects performed better in RCRT, TUG, SWS, FR, and 
GP (Fig.  4). Statistical analysis showed significant differences 
between the prefrail and robust groups in the abovementioned 
five tests, and only SLT showed no significant difference (Fig. 5).

3.2. Formulation of the FAT score
Five continuous variables (RCRT, TUG, SWS, FRT, and GP) 
were significantly different between prefrail and robust groups. 
On the basis of the binary logistic regression model, the coef-
ficients for five tests are shown in Table 2. Therefore, the logistic 
regression equation is written as follows:

ZRobust RCRT TUG SWS

FR

= − + + + +80 857 0 188 1 708 0 482

0 156
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The probability that an elder belongs to the robust group is pre-
dicted as follows:

P
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Thus, the probability of an elder belonging to the prefrail 
group is determined by the “prefrail prediction equation”, 
which is represented as:
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e
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Using this equation, the probability of each subject being a 
prefrail elder can be obtained after performing five physical per-
formance tests. In our study, we defined this percentage value as 
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a quantifiable index, the “FAT score.” The average FAT scores 
of prefrail and robust groups were 90.73 ± 19.95% and 15.01 
± 25.25%, respectively. This means that the average chance of 
our prefrail subjects to be in the prefrail stage was approxi-
mately 90.73%; thus, they had a 90.73% likelihood to be in 
danger of prefrailty, or the average degree of prefrailty severity 
was 90.73%, while the average degree of danger of prefrailty 
or prefrailty severity of robust subjects was relatively low, only 
approximately 15.01%.

4. DISCUSSION

4.1. Advantages of the FAT system
Our experimental results showed that in conjunction with five 
physical performance tests, the computerized FAT system is capa-
ble of effectively predicting whether an elderly person is entering 
the prefrail stage. Whether the prefrail stage is reached is a key 
index for determining intervention for the frailty syndrome at an 
early stage. Therefore, the physical performance tests employed 
by this system can sensitively detect the early signs of the frailty 
syndrome. Once the system is more fully developed, we will be 
able to quickly understand the worst aspects of physical per-
formance of an elderly patient from frailty screening and thus 

immediately design a relevant regimen of rehabilitation exer-
cises. This process will facilitate the healing of his/her deficien-
cies, which will avoid the deterioration and block the occurrence 
of frailty. This aspect of our system is essential for the rehabilita-
tion of older adults.

Compared with traditional detection methods, the comput-
erization of physical performance tests (along with automated 
measuring equipment) has many clear advantages. The new 
method avoids various mistakes that may easily result from 
manual measurements and questionnaire surveys. In addi-
tion, this method has high detection accuracy and low error 
rate, both of which are essential elements for future large-scale 
screening for the frailty syndrome. Finally, this system relies on 
a user-friendly human-computer interactive interface, which is 
designed by the virtual instrument software LabVIEW, which 
uses sound and light to build an environment that is capable of 
generating instantaneous feedback regarding test results. Such 
setup promotes curiosity and interest in older adult subjects, 
increases their willingness to participate, and strengthens aware-
ness and concern about their health status.

To achieve the goal of correctly identifying frail population, the 
first task is to compile a comprehensive database for the frailty 
syndrome. However, this process will likely consume a consid-
erable amount of time and manpower if the abovementioned 

Fig. 3 Parameters and data analysis. FR = functional reach; GP = grip power; RCR = repeated chair rise; SLS = single leg standing; SWS = self-selected walking 
speed; TUG = timed up and go.

Table 1

Demographic data of groups

Male (N = 21) Female (N = 14)

F (n = 2) P-F (n = 13) R (n = 6) F (n = 2) P-F (n = 6) R (n = 6)

Age, y/o 74.00 (6.09) 70.50 (3.54) 75.08 (6.34) 72.83 (6.31) 72.07 (5.05) 74.50 (6.36) 73.33 (3.44) 70.w00 (6.07)
Body height, cm 165.86 (4.86) 172.50 (0.71) 165.88 (4.76) 163.58 (4.01) 150.54 (5.56) 146.50 (4.95) 151.75 (5.78) 150.67 (5.82)
Body weight, kg 65.84 (9.37) 67.50 (3.54) 66.38 (10.35) 64.10 (9.29) 55.07 (10.30) 46.50 (4.95) 59.83 (10.26) 53.17 (10.23)
BMI, kg/m2 23.99 (3.68) 22.69 (1.37) 24.23 (4.26) 23.91 (3.08) 24.16 (3.34) 21.63 (0.84) 25.83 (2.89) 23.35 (3.71)

Standard deviation is in the parentheses.
BMI = body mass index; F = frailty; P-F = prefrail; R = robust.
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computerized system is not used, which can perform all tests 
within an average of 17 minutes. Thus, our system allows to effi-
ciently use time and also spares considerable manpower owing 

to the process of automatic detection. Eventually, this system 
will accelerate the establishment of frailty database and lower 
the requirements for specialists and cost of purchasing expensive 

Fig. 4 Scatter plot showing the data from six physical performance tests of pre-frail and robust groups. The subjects categorized in the robust group performed 
better in repeated chair rise test, repeated chair rise, self-selected walking speed, functional reach, and grip power.

Fig. 5 Six physical performance tests. Using independent t-test and Mann-Whitney U test, single leg standing test (SLS) showed no significant difference 
between robust and prefrail groups. Repeated chair rise test (RCRT), timed up and go test (TUG), self-selected walking speed (SWS), functional reach test 
(FR), and grip power (GP) showed significant differences between robust and prefrail groups, which were applied to the frailty assessment tools formulation for 
predicting prefrailty. *Significant difference between prefrail and robust groups at p < 0.05.
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equipment. In addition, the computerized assessment platform 
can be operated at high speed. Therefore, once the test infor-
mation for a subject is obtained, the system rapidly performs 
frailty status evaluation via computation and data comparison 
and proposes a diagnosis.

4.2. Necessity of early intervention for the frailty syndrome
Some scholars have argued that to prevent various unfavorable 
consequences of social costs caused by frail elderly population, 
the top priority should be to establish appropriate methods and 
tools to clinically assess the frailty syndrome. This capability will 
allow to identify groups at risk of becoming frail, which subse-
quently provides these individuals with intervention and treat-
ments via multidimensional and interdisciplinary approaches.7 
In addition, most scholars believe that the weakening of an 
elderly person is a continual process in which he/she gradually 
transitions from the normal aging state to eventual disability or 
death. This process is further divided into “prefrail” and genuine 
“frail” stages.8 For those elderly exhibiting risk factors, interven-
tion during the first stage is necessary to prevent him/her from 
developing the frailty syndrome (i.e., from entering the prefrail 
stage). Intervention during the second stage must be undertaken 
at the immediate onset of the syndrome to reverse the process 
and prevent continued functional deterioration.8

The rapid functional advancement of personal computers 
provides a powerful method and extension to peripheral equip-
ment. In addition, various network technologies have been 
developed, producing an even faster transmission speed. If our 
system can be integrated with the current network transmis-
sion technology, test data will be instantaneously transferred 
to a physician or a laboratory technician to serve as a refer-
ence for clinical intervention. Thus, our system allows to make 
an “immediate diagnosis” and can also achieve the goal of an 
“instant alert.” Eventually, the establishment of frailty database 
will be accelerated.

The hardware of our system platform can be easily assembled 
and disassembled, which allows the operators to conveniently 
move between testing sites. Thus, rather than restricting the 
operation to a clinic or laboratory, frailty syndrome screening 
tests can be performed on a much larger scale and for a larger 
population, which allows to establish a more comprehensive 
frailty syndrome database.

Considering the aforementioned advantages, the FAT system 
is an excellent screening setup that is capable of replacing tradi-
tional manual measurement and assessment tools.

4.3. Additional study on frailty indicators
The Fried frailty criteria contain five indicators, three of which 
are part of a questionnaire survey, whereas the remaining two 
are based on physical performance tests (i.e., “free walking 
speed” and “GP”). The two physical tests are also included in the 
six physical performance tests of our FAT system. Therefore, as 
expected, the analysis of results from this experiment indicates 

that the scores from “free walking speed” and “GP” tests are 
effective indicators of the prefrail stage. Among other physical 
performance tests, only the “SLS test” does not meet the stand-
ard revealed by verification experiments. However, this param-
eter is measured over a 30-second period, which may cause a 
ceiling effect and decrease the correlation between the param-
eter and frailty. In addition, on the basis of physiological func-
tion, the “SLS test” mainly examines the posture of an elderly 
patient, whereas the frailty phenomenon is more associated with 
the overall physical endurance. Therefore, the relevance of this 
examination is not as high as that of the other tests.

At its origin, the frailty syndrome is a multidimensional and 
multisystemic aggregate phenomenon. Thus, the definition and 
diagnosis of this syndrome must be determined from different 
aspects, including the performance of physical functions, psy-
chological health, assessment of mental status, blood biochemis-
try of the endocrine system, and nutrition status. However, this 
study aims to develop a set of quick screening tools to allow cli-
nicians to choose between various assessment methods. Because 
systemic aspects leading to frailty can interact with each other 
and because the loss of physical performance is the final present-
ing consequence owing to the interaction of various systems, this 
study measured performance to screen for the frailty syndrome.

Nevertheless, “rapid weight loss” is also a condition stem-
ming from the interaction of multiple systems, and it is likely 
associated with abnormal nutritional status and reduced activ-
ity. Thus, weight loss is a potential parameter.

4.4. Quantification of frailty: FAT score
To combat the frailty syndrome, scholars have proposed that 
it is necessary to provide sports and medical intervention to 
prefrail elderly individuals to prevent further progression into 
the frailty stage. However, we argue that it may be possible to 
expand the scope of prevention. Instead of limiting intervention 
to prefrail patients, subjects in the first stage should include all 
elderly individuals with frailty risk factors. Thus, nonfrail elderly 
who are potentially at risk of frailty, as revealed by screening, 
are also suitable subjects for early intervention. However, even 
older adults within the same prefrail stage exhibit varied levels 
of frailty, and Fried frailty criteria unfortunately cannot be used 
to identify differences in the frailty level for elderly patients in 
the same group.

In the results and analysis of this research, a “prefrail predic-
tion equation” developed via a binary logistic regression model 
was used to calculate the probability of whether an elderly sub-
ject who was not in the frailty group (i.e., in either prefrail or 
nonfrail groups) belonged to the prefrail group. This probability 
represents the chance that an elderly patient is gradually pro-
gressing into prefrailty from nonfrailty. Specifically, the proba-
bility deduced from the equation indicates the deterioration rate 
or risk level of an older adult patient for transitioning from the 
nonfrail stage to a prefrail stage. In this study, such probability 
is referred to as the “FAT score.” On the basis of the definition 
of the FAT score, we can calculate the severity and deterioration 
rate for an elderly person who has not entered the frailty stage 
and provide them with quantitative data to create intervention 
strategies during the first stage of prefrailty. Therefore, elderly 
patients with different FAT scores will receive intervention strat-
egies. For example, an elderly patient with a high FAT score 
(owing to his/her severity of frailty and rapid deterioration rate) 
will receive aggressive intervention, whereas someone with a 
low FAT score (owing to his/her lower level of frailty and rela-
tively slow rate of progression) will be suggested observation or 
monitoring. Likewise, for an elderly patient with an intermedi-
ate FAT score, ordinary intervention strategies can be employed. 
Thus, the use of more precise intervention strategies based on 
different FAT scores can effectively help avoid wasting medical 

Table 2

Binary logistic regression analysis

Variables B SE Wald p Exp(B)

T2CRTMean 0.188 0.753 0.062 0.803 1.207
T3TUGMean 1.708 1.299 1.728 0.189 5.515
T4SWSMax 0.482 0.315 2.346 0.1226 1.620
T5FRMean 0.156 0.434 0.129 0.719 1.169
T6GPMax 0.559 0.473 1.397 0.237 1.750
Constant –80.857 54.706 2.185 0.139 0.000

B = estimated value; p = significance; SE = standard error.
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resources, increase the proper use of social welfare, and reduce 
overall spending.

During the research, one coincidental event demonstrated the 
ability of the FAT score to predict prefrailty. Specifically, one of 
the subjects started to suffer from a pontine infarction during 
the seventh month after the start of screening with our system. 
Nevertheless, at the beginning of screening, Fried frailty criteria 
indicated that the subject belonged to the nonfrail group, which 
in theory should not be associated with such a severe health 
problem. However, according to the FAT score prediction, the 
probability of this individual to develop prefrailty was 46.88%, 
which was considerably higher than the average score of other 
members of the nonfrail group (15.01%). On the basis of this 
score, a subject should be monitored closely and should even 
receive intervention if necessary. This case illustrates the main 
point of the FAT system, which aims to identify any potential 
risk group at an early stage.

4.5. Experimental limitation
One limitation of this study is the insufficient sample size of 
subjects. In the experimental results that are based on a binary 
logistic regression model, four predictors of the prefrail stage 
were identified and used to develop the “prefrail prediction 
equation,” which allowed to calculate the FAT score to represent 
the degree of frailty of an elderly patient. However, during the 
statistical analysis, these predictors failed to reach significance. 
A possible explanation is the inadequate experimental sample 
size, which was even smaller after the division into subgroups. 
The largest group (prefrail group) had only 19 subjects. Thus, 
the small sample size reduced the statistical power of individual 
predictors.

This study may also suffer from sampling bias. Among 35 
elderly subjects recruited by the research institute, only four 
belonged to the frailty group, as determined by Fried frailty 
criteria. Therefore, the frailty group was significantly smaller 
than prefrail (19 subjects) and nonfrail (12 subjects) groups. 
Regarding the age distribution of the subjects, only five subjects 
were over 80 years old, which accounted for only 14.29% of the 
total subjects. For the extremely old age group, there was only 
one subject who was over 85 years of age. This age distribu-
tion was possibly due to the study being conducted in clinics. 
Because it is common for frail or extremely aged elderly persons 
to have mobility disabilities/difficulties, they are less likely to 
participate in a study such as this one. In addition, because the 
subjects were mainly from clinics, most of them were afflicted 
with various levels of orthopedic issues. Another possible limita-
tion is that the subjects in this study were all of standard weight 
or were overweight, and there were no obese individuals.

Finally, the “GP” test in Fried frailty criteria was another 
potential limitation. The threshold that we used was based on 
data from studies in foreign countries. Compared with the ordi-
nary GP of Chinese elderly, this threshold was approximately 
equal to the average score of all older adults.27 Thus, this thresh-
old was relatively high for evaluating the GP of Chinese elderly 
patients, which resulted in a low passing rate in the GP test. 
Therefore, on the basis of the index of GP, we may have over-
estimated the proportion of subjects who were considered frail.

Although academic and geriatric researchers currently offer 
conflicting and confusing opinions regarding the assessment, 
diagnosis, and clinical definition of the frailty syndrome, the 
initial consensus has been reached regarding the long-term 
impact of the frailty syndrome and its importance for the over-
all social health care. The only way to delay or block the frailty 
syndrome is to have experts from various areas collaborate 
to employ appropriate methods to effectively assess and diag-
nose, conduct swift screening and detection, and provide early 
intervention and treatment. These combined efforts will help 

minimize the negative effects and damage resulting from the 
frailty syndrome.

In this study, we developed a computerized form of six com-
mon physical performance tests for the frailty syndrome, which 
formed a screening assessment platform with a set of audio-
visual animations and interactive feedback; this platform is not 
limited by test location. The test results of prefrail and nonfrail 
groups were compared to develop an equation (i.e., prefrail 
prediction equation) that governs individual functional tests 
and different frailty groups. On the basis of the scores of func-
tional tests, the FAT scores of elderly subjects can be calculated. 
Then, these scores can represent the degree of frailty and rate of 
progression and serve as the basis for therapeutic intervention 
strategies.

In the future, we anticipate that more comprehensive and rep-
resentative physical function performance tests will be added to 
promote the ability to assess individuals with the frailty syn-
drome. In addition, more elderly subjects are needed to partici-
pate in screening tests of the frailty syndrome to establish a more 
comprehensive frailty syndrome database and better understand 
the occurrence and distribution of this disease among the older 
adult population. Further studies will contribute to the effective 
utilization of social welfare, resources, and funding.
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