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Introduction: Previous studies suggested that physical and cognitive function can be
indicators to assess the risk of falls in the elderly. Various tests are widely used in geriatric
clinical studies as assessment tools of physical and cognitive function. However, large
sample studies comparing the fall predictive value of these tests are still sparse. This
study was conducted to investigate the value of cognitive and physical function tests in
predicting the risk of subsequent falls in the elderly, with the overarching goal of providing
more evidence on fall-risk assessment.

Methods: The current study was based on the data of respondents aged 60 and above
from the China Health and Retirement Longitudinal Study (CHARLS). Data from the 2015
CHARLS national survey were used as the baseline data, and the fall data in 2018 were
used as the follow-up data. Physical function tests included balance, walking speed,
the five times sit-to-stand test (FTSST), and grip strength. The value of cognitive and
physical function tests in predicting falls was evaluated by logistic regression analysis
and receiver operating characteristic (ROC) curves.

Results: The incidence of falls among the 4,857 subjects included in this study was
20.86%. Results showed that cognition (OR = 0.83, 95% CI: 0.70–0.98), the FTSST
(OR = 3.51, 95% CI: 1.66–7.46), and grip strength (OR = 1.02, 95% CI: 1.01–1.03) were
independent predictors of falls in the full sample after adjusting for various confounders.
Notably, the above tests showed better predictive value for falls for the oldest-old
(≥ 80 years) subjects.

Conclusion: Overall, results showed that grip strength, the FTSST, and cognition
tests are simple and practicable tools for identifying individuals at higher risk of falls
in the community. Moreover, the fall predictive performance of physical and cognitive
function tests was age-dependent, with a higher predictive value in older adults
aged 80 and above.

Keywords: balance, cognition, fall risk assessment, grip strength, older adults, walking speed, the five times
sit-to-stand test
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INTRODUCTION

Falls are common among the elderly. It is reported that the annual
incidence of accidental falls among older individuals is 28–35%,
and the incidence of falls increases with age (1). Falls can lead
to pain, fracture, disability, decreased ability to perform activities
of daily living, and even death (2–5). With the irreversible trend
of global population aging, the prevalence of falls and fall-related
costs of older adults are increasing annually (6). Therefore, it is of
great significance to carry out a fall risk assessment for the elderly,
with the ultimate goal of preventing the occurrence of fall events.

Declines in physical and cognitive function in older adults
tend to be associated with an increased likelihood of adverse
health events (7). Many studies have revealed that impairments
in domains of physical and cognitive function are strong risk
factors for falls among the elderly (8–11). In addition, recent
studies have demonstrated a strong correlation between physical
and cognitive function in aging (12), with a combination of
physical and cognitive function deficits being more likely to result
in adverse outcomes, including falls, than physical or cognitive
deficits alone (13).

A previous study proposed that performance-based measures
may be more sensitive than self-reported measures in assessing
physical and cognitive function (14). Given that balance, walking
speed, and muscle strength are important indicators that reflect
physical function (8), they have been commonly used in geriatric
clinical studies. The five times sit-to-stand test (FTSST) and
grip strength are two simple tools used to rapidly assess
muscle strength. In addition, there is a wide range of cognitive
screening tools in the clinic, among which the Mini-Mental State
Examination (MMSE) is the most widely used (15). Notably, the
above tests can be easily implemented and are suitable for use
among the elderly in the community.

Numerous studies have shown that objective evaluation of
physical and cognitive function is of great significance in
predicting falls (16, 17). For instance, grip strength was proved
to be the most significantly independent risk factor of falls in
a recent study (18). The FTSST was also significantly associated
with falls (19), and another study demonstrated that lower limb
power assessed based on the FTSST is more predictive of falls
than strength in older adults (20). Additionally, timed up and go
test (TUGT) has been shown to have a higher predictive value
of both falls and repeated falls compared with walking speed
and grip strength (21). However, there are still few studies that
have compared the value of both physical and cognitive function
tests in predicting falls based on the same large sample and
stable research methods (22). Moreover, the results on the fall
predictive value of multiple function tests in previous studies have
been quite inconsistent. Therefore, further research is still needed
to better evaluate the fall predictive value of common tests in
different aging stages.

In older adults aged 80 and above, the annual incidence of
falls has increased to about 50% with increased difficulty in
completing all the tests (23). Notably, physical performance is
considered a strong predictor of mortality and disability in this
age cohort (24). Based on this, subjects included were divided
into two subgroups according to age: the young elderly (aged

60–79 years) and the oldest-old (aged ≥ 80 years). The value of
the five tests in predicting falls was, respectively, analyzed in the
two groups. This study aimed at investigating the fall prediction
value of physical and cognitive function tests that are commonly
used in geriatric clinical studies based on representative data
from a nationwide study, with the overall goal of providing more
insights into establishing a more accurate predictor of falls for this
particular population.

MATERIALS AND METHODS

Study Design and Participants
The data used in the current study was acquired from the
Chinese Health and Retirement Longitudinal Survey (CHARLS).
CHARLS is a nationally representative longitudinal survey
conducted among middle-aged and older adults in China by
Peking University. The survey includes assessments of basic
demographics, health status, physical measurement, utilization
of medical services, and socioeconomic status through one-on-
one interviews based on a structured questionnaire. The clinical
assessment of physical and cognitive function was carried out
in the participants’ homes by interviewers recruited in advance.
Centralized training and regular assessment were conducted for
interviewers to ensure the authenticity and effectiveness of the
collected data. By 2018, the survey had collected data from a total
of 19,000 respondents in 12,400 households (25).

In the current study, the demographic data, lifestyle and health
status data, grip strength, balance, walking speed, the FTSST, and
cognition data were taken from the 2015 data. The subsequent fall
data were obtained from the 2018 data as the outcome variable.

Participants aged 60 and older were selected for inclusion in
this study. The exclusion criteria were as follows: (1) missing
demographic, lifestyle behaviors and health status data; (2)
aged < 60; (3) missing subsequent fall data in 2018; and (4)
missing data for the five tests. Finally, a total of 4,857 individuals
were included. Figure 1 shows the detailed exclusion process.

Study Variables
Fall
In the CHARLS survey, participants were asked to answer “yes”
or “no” to the question “Have you fallen in the last 2 years?”
The participants included in this study were divided into the falls
group and the no falls group according to their answers.

Cognition
Cognitive function was quantified in the CHARLS questionnaire
with a full score of 21, including telephone interviews for
cognitive status-10 (TICS-10), visual-spatial ability test, and
episodic memory. TICS-10 is a reliable and valid method for
MMSE, with a total score of 10 points. Participants were asked
to answer the year, season, month, date, and the day of the
week at that time, one point would be given for each correct
answer. Then, participants needed to calculate 100 minus 7 for
five consecutive times, with one point for each correct calculation.
With regard to the visual-spatial ability, participants were asked
to draw the picture provided, with one point being given for
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FIGURE 1 | Flow-chart showing the process of enrolling participants in the analysis.

successfully drawing. Episodic memory was assessed through
immediate and delayed words recall with a total score of 10.
A list consisting of 10 words was provided by the interviewer,
and the participants would be given one point for each correct
word recall. The scores of the above tests were added to the total
cognition score (26).

Balance
The balance test required participants to stand with the heel of
one foot in front of the other, touching the toes of the other
foot for 30/60 s (30 s for 70 years old or above and 60 s for less
than 70 years old) without moving their feet. The result is either
recorded as “pass” or “fail.”

Walking Speed
In the walking speed test, participants were asked to walk
along a 2.5-m long line twice, and the average time of the two
times was recorded.

Grip Strength
Grip strength was measured by a YuejianTM WL-1000
dynamometer (Nantong Yuejian Physical Measurement
Instrument Co., Ltd., Nantong, China). After the demonstration,
the participants clenched the dynamometer as hard as they
could, held it for a few seconds, and then released it. Each
hand was tested twice, and the mean value of grip strengths (in
kilograms) was recorded.

Five Times Sit-to-Stand Test
In the FTSST, participants were asked to stand up straight and
then sit as fast as possible on a standard-height (43 cm) chair

without armrests, five times without stopping or pushing with
their arms. The result was recorded as either “pass” or “fail.”

Controlled Variables
We selected the following covariates as potential risk factors
for falls based on the relevant literature: (1) Demographics:
including age, gender, marital status, and education level. Marital
status was divided into two groups: “married with spouse
present” group and “without a spouse present” group (including
participants who were separated/divorced/widowed/never
married/cohabitated/married but not living with spouse
temporarily); (2) Behavior and lifestyle: smoking status was
classified into “yes” or “no” according to the answer; sleep status
included the night sleep time and whether a nap was usually
taken (27); (3) Health status: CHARLS questionnaire investigated
14 chronic diseases. According to the answers to “Have you been
diagnosed with [the chronic disease] by a doctor?,” participants
were divided into two groups, one with chronic diseases (one
chronic disease or more), and the other without. Disability
variables included physical disabilities, intellectual disability,
vision problems, hearing problems, and a speech impediment.
In addition, the CES-D scale was applied to evaluate depression
with a total score of 30. Scores ≥ 10 indicated the presence
of obvious symptoms of depression (28, 29); (4) Fall history:
participants were asked to answer “yes” or “no” to the question
“Have you fallen since your last visit?”

Statistical Analyses
The data in DTA format was obtained from the CHARLS
database. Statistical analyses were performed using STATA MP
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17.0 and SPSS 26.0. The above risk factors were included
as covariates during the univariate analysis of falls, and the
categorical variables were analyzed through chi-squared test. If
the continuous variables conformed to a normal distribution
or approximate normal distribution, the independent samples
t-test was used; otherwise, a non-parametric rank-sum test of
two independent samples was used. The associations among
cognition, balance, walking speed, grip strength, FTSST, and falls
were evaluated by stepwise forward logistic regression models,
controlling for confounding factors. The receiver operating
characteristic (ROC) curve were generated to determine the
predictive value of the five tests. To explore the predictive value in
different age cohorts, the above analysis was first conducted in the
full sample and then in older adults aged ≥ 80 years. A two-tailed
p-value < 0.05 was considered statistically significant.

RESULTS

Among the 4,857 subjects enrolled in this study, 2,667 (54.91%)
were men and 2,190 (45.09%) were women. The age of the
subjects ranged from 60 to 102 years, with a mean age of
67.16 ± 5.78. Results showed that 1,013 (20.86%) people had
fallen in the previous 2 years.

According to the follow-up time, respectively published
in both data sets, the mean duration between the two
assessment points for participants included in this study was
35.98 ± 0.74 months, with the shortest of 31 months, and the
longest of 38 months.

General Characteristics of the Subjects
The baseline characteristics of the falls group and the no falls
group were shown in Table 1. Results showed that gender was
significantly associated with falls (χ2 = 51.64, p < 0.001) with a
higher risk of falls in females than in males. Increased age was
significantly associated with a higher possibility of falls (χ2 = 4.55,
p < 0.001). Older adults with lower educational level were more
likely to suffer from falls (χ2 = 23.25, p < 0.001). And older
adults who did not have a spouse present had a higher risk of falls
(χ2 = 13.80, p < 0.001).

In addition, there were statistically significant differences in
smoking status (χ2 = 10.68, p = 0.001), physical disabilities
(χ2 = 28.38, p < 0.001), intellectual disability (χ2 = 14.28,
p < 0.001), vision problems (χ2 = 6.65, p = 0.01), hearing
problems (χ2 = 8.97, p = 0.003), night sleep duration (χ2 = 45.28,
p < 0.001), nap duration (χ2 = 10.88, p = 0.012), chronic diseases
(χ2 = 10.40, p < 0.001), depression (χ2 = 15.25, p < 0.001), and
fall history (χ2 = 244.35, p < 0.001) between the falls group and
the no falls group. However, there was no significant difference
with regard to speech impediment.

Characteristics of the Five Tests
The results of the five function tests were compared between
the two groups of older adults. Table 2 shows that there were
significant differences in balance (χ2 = 22.90, p < 0.001), grip
strength (t = –4.40, p < 0.001), and cognition score (t = –6.19,
p < 0.001) between the falls group and the no falls group. In

addition, the difference in the FTSST was statistically significant
(χ2 = 4.04, p = 0.044).

Correlations Between the Variables
Before binary logistic regression, the correlations between the
variables were tested. According to the Pearson’s correlation test,
the left-hand grip strength was significantly associated with the
right hand, and thus we used the right-hand grip strength to
represent the individual grip strength.

Associations Between the Five Tests and
Falls in the Full Sample
To further evaluate the associations between the above tests
and falls, cognition, balance, walking speed, FTSST, and grip
strength were added to five independent binary logistics models.
Table 3 shows that cognition, grip strength, and FTSST were
independent risk factors of falls after adjusting for confounding
factors (including gender, age, marital status, education level,
physical disabilities, intellectual disability, night sleep duration,
depression, chronic disease, and history of falls). Participants with
higher cognitive scores had a lower probability of falls compared
to participants with lower cognitive scores (OR = 0.83, 95% CI:
0.70–0.98, p = 0.02). Moreover, older adults with lower grip
strength were more likely to fall (OR = 1.02, 95% CI: 1.01–1.03,
p < 0.001), and failing in FTSST was associated with a higher
possibility of falls (OR = 3.51, 95% CI: 1.66–7.46, p = 0.001).

ROC curves were plotted to analyze the predictive value of the
five tests for falls in the full sample (Figure 2). Table 4 displays
the AUC of the five tests in the full sample.

The Predictive Value of the Five Tests in
Older Adults Aged ≥ 80 Years
Older adults aged 80 and above showed a higher incidence of
falls and increased difficulty in completing all the tests. Based
on this, the value of the five tests in predicting falls was,
respectively analyzed in older adults aged ≥ 80 years. According
to the ROC curve, the five tests showed better predictive value
for falls in older adults aged 80 and above (Figure 3 and
Table 5). Among these tests, cognition had the highest predictive
value (AUC = 0.73, 95% CI: 0.65–0.79). The corresponding
sensitivity and specificity values for cognition were 72.92 and
72.03%, respectively.

DISCUSSION

Population aging has led to the advent of a tremendous challenge:
falls are not only the leading cause of injury and death among the
elderly, but also pose a serious global health issue. Many previous
studies have analyzed the predictive value of various function
tests in falls (13, 17, 18, 21), but the results obtained in different
studies were not consistent. The current study was conducted to
compare the value of five physical and cognitive function tests
in predicting falls based on a nationally representative survey. In
this population-based study involving older adults, we evaluated
the value of five clinically important function tests in predicting
falls in different age cohorts.
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TABLE 1 | Comparison of general characteristics between the falls and no falls group (n = 4,857).

Variables Total Fall χ 2/t P-value

Yes No

Gender, n (%) 51.64 <0.001***

Male 2,667 (54.91) 455 (17.06) 2,212 (82.94)

Female 2,190 (45.09) 558 (25.48) 1,632 (74.52)

Age 67.90 ± 6.06 66.97 ± 5.69 4.55 <0.001***

Marital status, n (%) 13.80 <0.001***

Married with spouse present 3,933 (80.98) 779 (19.81) 3,154 (80.19)

Without a spouse present 924 (19.02) 234 (25.32) 690 (74.68)

Education, n (%) 23.25 <0.001***

Illiteracy 1,102 (22.69) 285 (25.86) 817 (74.14)

Primary school or below 2,573 (52.98) 512 (19.90) 2,061 (80.10)

Middle school 784 (16.14) 147 (18.75) 637 (81.25)

High school or above 398 (8.19) 69 (17.34) 329 (82.66)

Smoking, n (%) 10.68 0.001**

Yes 1,762 (36.28) 323 (18.33) 1,439 (81.67)

No 3,095 (63.72) 690 (22.29) 2,405 (77.71)

Physical disabilities, n (%) 28.38 <0.001***

Yes 350 (7.21) 112 (32.00) 238 (68.00)

No 4,507 (92.79) 901 (19.99) 3,606 (80.01)

Intellectual disability, n (%) 14.28 <0.001***

Yes 331 (6.81) 96 (29.00) 235 (71.00)

No 4,526 (93.19) 917 (20.26) 3,609 (79.74)

Vision problems, n (%) 6.65 0.01*

Yes 724 (14.91) 177 (24.45) 547 (75.55)

No 4,133 (85.09) 836 (20.23) 3,297 (79.77)

Hearing problems, n (%) 8.97 0.003**

Yes 1,055 (21.72) 255 (24.17) 800 (75.83)

No 3,802 (78.28) 758 (19.94) 3,044 (80.06)

Speech impediment, n (%) 1.27 0.26

Yes 35 (0.72) 10 (28.57) 25 (71.43)

No 4,822 (99.28) 1,003 (20.80) 3,819 (79.20)

Night sleep duration (in hours), n (%) 45.28 <0.001***

<6 1,519 (31.27) 404 (26.60) 1,115 (73.40)

6∼8 2,892 (59.54) 519 (17.95) 2,373 (82.05)

> 8 446 (9.18) 90 (20.18) 356 (79.82)

Napduration (in minutes), n (%) 10.88 0.012*

0 1,879 (38.69) 427 (22.72) 1,452 (77.28)

<30 337 (6.94) 77 (22.85) 260 (77.15)

30∼60 1,631 (33.58) 329 (20.17) 1,302 (79.83)

> 60 1,010 (20.79) 180 (17.82) 830 (82.18)

Chronic diseases, n (%) 10.40 <0.001***

No 1,099 (22.63) 191 (17.38) 908 (82.62)

Yes 3,758 (77.37) 822 (21.87) 2,936 (78.13)

CES-D score, n (%) 15.25 <0.001***

0–9 959 (19.74) 156 (16.27) 803 (83.73)

10–30 3,898 (80.26) 857 (21.99) 3,041 (78.01)

History of falls, n (%) 244.35 <0.001***

Yes 887 (18.26) 356 (40.14) 531 (59.86)

No 3,970 (81.74) 657 (16.55) 3,313 (83.45)

*p < 0.05, **p < 0.01, ***p < 0.001.

China is facing the severe challenge of aging, and the high
incidence of falls among older adults cannot be ignored. A recent
study has found that the median annual incidence of falls among
the elderly in China was 18% (30). Chu et al. demonstrated in
their study that the prevalence of falls of the Chinese elderly

were 19.3% (31). Consistently, the incidence of falls found in this
study was 20.86%. In addition, previous studies have reported
many risk factors for falls, including age, gender, history of falls,
cognitive impairment, balance, chronic disease, and other factors
(32–37). Results obtained in this study indicated that gender,
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TABLE 2 | Comparison of the five function tests between the falls and no falls group in the full sample (n = 4,857).

Variables Total Fall χ 2/t P-value

Yes No

Balance, n (%) 22.90 <0.001*

Pass 3,876 (79.80) 754 (19.45) 3,122 (80.55)

Fail 981 (20.20) 259 (26.40) 722 (73.60)

Walking speed (in seconds) 3.96 ± 15.69 3.41 ± 5.32 1.83 0.067

FTSST, n (%) 4.04 0.044*

Pass 4,826 (99.36) 1,002 (20.76) 3,824 (79.24)

Fail 31 (0.64) 11 (35.48) 20 (64.52)

Grip strength (kg) 27.85 ± 9.69 25.63 ± 9.33 29.20 ± 25.37 –4.40 <0.001***

Cognition 11.01 ± 3.94 11.82 ± 3.66 –6.19 <0.001***

*p < 0.05, **p < 0.01, ***p < 0.001.

TABLE 3 | Binary logistic regression models for falls in the full sample (n = 4,857).

Model 1
(cognition)

P Model 2
(balance)

P Model 3
(walking
speed)

P Model 4
(FTSST)

P Model 5 (grip
strength)

P

OR
(95%CI)

OR
(95%CI)

OR
(95%CI)

OR
(95%CI)

OR
(95%CI)

Gender 1.46
(1.25–1.71)

<0.001 1.45
(1.24–1.69)

<0.001 1.47
(1.26–1.71)

<0.001 1.48
(1.27–1.73)

<0.001 1.19
(1.00–1.42)

0.05

Age 1.01
(1.01–1.02)

<0.001 1.01
(1.01–1.02)

<0.001 1.01
(1.01–1.02)

<0.001 1.00
(0.99–1.01)

0.456 1.01
(1.00–1.01)

0.018

Marital status 1.35
(1.14–1.59)

<0.001 1.37
(1.15–1.62)

<0.001 1.36
(1.15–1.61)

<0.001 1.26
(1.05–1.50)

0.011 1.27
(1.07–1.51)

0.006

Education 0.191 0.227 0.222 0.383 0.32

Illiteracy (ref)

Primary
school or
below

1.23
(0.90–1.67)

0.20 1.09
(0.82–1.46)

0.546 1.08
(0.81–1.45)

0.599 0.99
(0.73–1.33)

0.924 1.10
(0.82–1.50)

0.542

Middle
School

1.33
(1.01–1.74)

0.04 1.26
(0.96–1.63)

0.092 1.25
(0.96–1.62)

0.1 1.14
(0.87–1.50)

0.344 1.23
(0.94–1.61)

0.128

High school
or above

1.21
(0.89–1.64)

0.23 1.19
(0.88–1.61)

0.272 1.18
(0.87–1.60)

0.282 1.07
(0.78–1.46)

0.675 1.12
(0.82–1.52)

0.476

Physical
disabilities

0.62
(0.48–0.80)

<0.001 0.62
(0.49–0.80)

<0.001 0.62
(0.48–0.80)

<0.001 0.61
(0.47–0.78)

<0.001 0.65
(0.51–0.84)

0.001

Intellectual
disability

0.78
(0.60–1.01)

0.06 0.77
(0.59–1.01)

0.056 0.77
(0.59–1.00)

0.046 0.76
(0.58–0.99)

0.038 0.78
(0.60–1.02)

0.071

Night sleep
duration (in
hours)

0.011 0.008 0.009 0.008 0.011

<6 (ref)

6˜8 1.02
(0.79–1.32)

0.87 1.04
(0.81–1.33)

0.773 1.04
(0.81–1.33)

0.777 0.95
(0.74–1.24)

0.72 0.97
(0.75–1.25)

0.799

>8 1.36
(1.07–1.72)

0.01 1.39
(1.09–1.77)

0.007 1.39
(1.09–1.76)

0.008 1.27
(0.99–1.62)

0.062 1.27
(0.99–1.62)

0.057

CES–D score 1.27
(1.04–1.54)

0.02 1.27
(1.04–1.54)

0.018 1.26
(1.0–1.54)

0.019 1.26
(1.04–1.53)

0.021 1.24
(1.02–1.51)

0.03

Chronic
diseases

1.15
(0.96–1.38)

0.13 1.15
(0.96–1.38)

0.124 1.15
(0.96–1.38)

0.126 1.14
(0.95–1.37)

0.16 1.13
(0.94–1.35)

0.204

History of falls 0.34
(0.29–0.40)

<0.001 0.34
(0.29–0.40)

<0.001 0.34
(0.29–0.40)

<0.001 0.34
(0.29–0.40)

<0.001 0.34
(0.29–0.40)

<0.001

Tests 0.83
(0.70–0.98)

0.02* 0.88
(0.74–1.05)

0.152 1.00
(0.99–1.00)

0.2 3.51
(1.66–7.46)

0.001** 1.02
(1.01–1.03)

<0.001***

*p < 0.05, **p < 0.01, ***p < 0.001. OR, odds ratio; 95% CI, 95% confidence interval. Adjusted covariates: gender, age, marital status, education, physical disabilities,
intellectual disability, night sleep duration, depression, chronic disease, and history of falls.
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FIGURE 2 | ROC curves of the five tests in the full sample (n = 4,857).

TABLE 4 | The AUC of the five tests in the full sample (n = 4,857).

Tests AUC 95% CI Sensitivity
(%)

Specificity
(%)

Youden
index (%)

p

Grip
strength

0.67 0.66–
0.68

54.39 70.94 25.33 <0.001***

FTSST 0.66 0.65–
0.68

52.42 72.79 25.21 <0.001***

Cognition 0.66 0.65–
0.68

49.75 75.03 24.78 <0.001***

Balance 0.67 0.65–
0.68

56.96 69.09 26.05 <0.001***

Walking
speed

0.66 0.65–
0.68

53.31 72.03 25.34 <0.001***

***p < 0.001. AUC, Area Under the Curve.

age, marital status, education level, smoking, history of falls,
disabilities, sleep duration, depression, and chronic diseases were
significantly associated with falls, and balance instability, muscle
weakness, as well as cognitive impairment in the five tests were
independent risk factors of falls.

In the full sample analysis, poorer performance in the
FTSST, cognition, and grip strength were significantly associated
with an increased risk of falls after adjusting for various
confounding factors, which was consistent with findings reported
in previous studies (38–42). It is widely believed that a decline in
cognitive function leads to various physiological and functional
impairments involving gait (43, 44), balance (45), reaction time,
and muscle strength (46), which increases the risk of falls.
However, compared to physical function, age-related declines
in cognitive function are generally not detected until much
later (47), especially in the pre-dementia stage including mild
cognitive impairment (MCI). Our results showed that cognition
was a sensitive and specific index in predicting falls in the elderly.
Collectively, our findings suggested that early identification of
older adults with cognitive impairment may be an important
strategy for reducing the risk of falls.

Given that the included subjects had a wide age distribution,
we further evaluated the predictive value of the five tests in
different age cohorts. The oldest-old (≥ 80 years) cohort is

FIGURE 3 | ROC curves of the five tests in older adults ≥ 80 years (n = 166).

TABLE 5 | The AUC of the five tests in older adults ≥ 80 years (n = 166).

Tests AUC 95% CI Sensitivity
(%)

Specificity
(%)

Youden
index (%)

p

Grip
strength

0.71 0.63–
0.78

68.75 66.10 34.85 <0.001***

Cognition 0.73 0.65–
0.79

72.92 72.03 44.95 <0.001***

Balance 0.71 0.64–
0.78

70.83 66.10 36.94 <0.001***

Walking
speed

0.71 0.63–
0.78

68.75 63.56 32.31 <0.001***

FTSST 0.71 0.63–
0.77

72.92 63.56 36.48 <0.001***

***p < 0.001. AUC, Area Under the Curve.

the most rapidly growing age group globally (48), and physical
performance is considered as a strong predictor of mortality and
disability in this group (24). Therefore, considering the further
decline in physical function, fall prediction tools with higher
accuracy are urgently needed for this cohort. Previous studies
have evaluated the fall prediction value of different physical
function tests, such as the Berg balance scale, Timed Up and Go
test, and Tinetti balance scale (49, 50). However, for people in
their 80s, especially when applied to large-scale fall risk screening
in the community, the best tool should be simple and time-saving,
taking into account its sensitivity and specificity. In the current
study, the five tests showed better predictive value for falls in
the oldest-old cohort. These tests require little space and do not
need special equipment. Therefore, clinicians can easily use them
to identify individuals at high risk of falls as they can easily be
understood and executed by the elderly.

There is a strong association between physical and cognitive
impairment, which was described as the “common cause” theory
of aging in previous studies (47). Taylor et al. (46) proposed
that the extent of cognitive impairment in the elderly may
be quantified by monitoring their physical condition. Martin
et al. (13) pointed out that the impact of physical deficits on
falls can be amplified by cognitive impairment. Alcazar et al.
(51) demonstrated a greater correlation between the sit-to-stand
muscle strength tests and other risk factors (including physical
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and cognitive function) than the traditional FTSST in assessing
muscle strength in the elderly, which may contribute to a
more ideal tool for identifying the risk of falls in the elderly.
Furthermore, Phirom et al. (52) proposed that simultaneous
physical and cognitive training contributed to reducing the
incidence of falls in seniors effectively. Thus, combining physical
and cognitive impairments as a predictor may be helpful in fall-
risk assessment, which is worth investigating in future studies.

There are several strengths of this study. First, we enrolled a
large number of subjects (n = 4,857). The large sample size and
the high quality of samples account for the representativeness of
the study. Second, on the basis of evaluating the fall prediction
values of different physical function tests, we also pay special
attention to the impact of environmental factors and cognitive
function on falls. The value of both physical and cognitive
function tests in predicting falls were evaluated in this study
based on the same large sample and stable research methods.
It should be noted that the occurrence of falls results from the
complex interaction between internal and external factors. It is
expected that our findings will supplement the available evidence
on the fall-risk assessment by providing data on appropriately
large numbers of subjects of different age groups after adjusting
for various potential confounding variables.

However, this study also had some limitations. First, we
explored limited tests due to the shortage of data. Balance,
walking speed, FTSST, and grip strength are only four among
many physical function tests associated with falls. In addition,
the evaluation of cognitive impairment in this study was based
on questionnaire indicators in CHARLS. Since no other cognitive
function evaluation scale was adopted, it may lead to evaluation
bias in cognitive impairment and further affect the sensitivity
and specificity of our results. Moreover, the study was conducted
based on CHARLS data, thus, interpretation and promotion of
our results should also cautiously consider the homogeneous
ethnic background of the study population. Also, respondents in
the CHARLS were expected to be able to answer the questions
of the interviewers in line with the actual situation, which may
lead to participant selection bias. As the data were mainly based
on the respondents’ self-reports, the possibility of recall bias
and self-selection bias cannot be completely excluded in this
study. Finally, although we confirmed the predictive value of
physical and cognitive function tests as independent predictors
of falls, they showed a relatively low diagnostic significance
(AUC < 0.7) in the full sample. Therefore, more efforts should
be made to further explore how to improve the accuracy by
combined prediction.

CONCLUSION

In this study, nationally representative data were used to evaluate
the value of five common physical and cognitive function tests in
predicting the risk of subsequent falls in older adults, adding to
evidence of the association of physical and cognitive deficits with
falls. Results showed that grip strength, FTSST, and cognition
tests may be simple and practicable tools for fall risk assessment
in the community. Moreover, the five tests had better predictive

value for falls in people aged 80 and older. Correspondingly,
relevant strategies and measures should be put forward to identify
individuals, especially the oldest-old, at high risk of falls in
large-scale community screening.
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