& frontiers

’ @ Check for updates ‘

OPEN ACCESS

EDITED BY
Aaron Salinas-Rodriguez,

National Institute of Public Health (Mexico),
Mexico

REVIEWED BY

Resshaya Roobini Murukesu,

National University of Malaysia, Malaysia
Nurul Fatin Malek Rivan,

National University of Malaysia, Malaysia

*CORRESPONDENCE

Huihe Chen
chenhuihe@stu.gxmu.edu.cn

Jian-Wen Xu
Xujianwen@gxmu.edu.cn

SPECIALTY SECTION
This article was submitted to
Neurocognitive Aging and Behavior,
a section of the journal

Frontiers in Aging Neuroscience

RECEIVED 20 September 2022
ACCEPTED 28 December 2022
PUBLISHED 13 January 2023

CITATION

Chen H, Huang L, Xiang W, Liu Y and

Xu J-W (2023) Association between
cognitive frailty and falls among older
community dwellers in China: A Chinese
longitudinal healthy longevity survey-based
study.

Front. Aging Neurosci. 14:1048961.

doi: 10.3389/fnagi.2022.1048961

COPYRIGHT

© 2023 Chen, Huang, Xiang, Liu and Xu.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Aging Neuroscience

Frontiers in Aging Neuroscience

TvpPe Original Research
PUBLISHED 13 January 2023
Dol 10.3389/fnagi.2022.1048961

Association between cognitive
frailty and falls among older
community dwellers in China:
A Chinese longitudinal healthy
longevity survey-based study

Huihe Chen™ Lanhui Huang?, Wei Xiang?, Yu Liu* and
Jian-Wen Xu®™

'Department of Rehabilitation Medicine, The First Affiliated Hospital of Guangxi Medical University,
Nanning, Guangxi, China, 2Department of Geriatric Endocrinology and Metabolism, The First
Affiliated Hospital of Guangxi Medical University, Nanning, Guangxi, China, *Department of
Cardiology, Beijing Tsinghua Changgung Hospital, School of Clinical Medicine, Tsinghua University,
Beijing, China, “Department of Cardiology, The People's Hospital of Guangxi Zhuang Autonomous
Region, Nanning, Guangxi, China

Background: The combined effect of cognitive impairment (Col) and frailty
on falls is controversial. This study aimed to explore whether older adults with
cognitive frailty (CF) were at a higher risk of falls than those with only Col or
frailty and to present a fall prediction model based on CF.

Methods: A total of 4,067 adults aged >60 years were included from the
Chinese Longitudinal Healthy Longevity Survey through face-to-face
interviews. Cognitive function and frailty were assessed using the mini-mental
state examination scale and frailty index, respectively. Logistic regression was
used to determine fall-associated risk factors and develop a fall prediction
model. Anomogram was then plotted. The model performance was evaluated
using the area under the curve (AUC), concordance index (C-index), and
calibration curve. All analyses were performed using SPSS and R statistical
packages.

Results: The prevalence of CF and falls were 1.4 and 19.4%, respectively. After
adjusting for covariates, the odds ratio of CF, frailty only, and Col only for
falls were 2.27 (95% ClI: 1.29-3.97), 1.41 (95% ClI: 1.16-1.73), and 0.99 (95% ClI:
043-2.29), respectively. CF, sex, age, hearing difficulty, depression, anxiety,
disability in instrumental activities of daily living, and serious illness in the past
2years were independently associated with falls. A prediction model based on
these factors yielded an AUC of 0.646 and a C-index of 0.641.

Conclusion: Cognitive frailty (CF) exerted a cumulative effect on falls than did
Col or frailty alone. Joint assessments of cognitive function and frailty status
may be beneficial for fall risk screening in community. A prediction model
using CF as a factor could be helpful for this process.
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Introduction

Falls are a global public health concern (Florence et al., 2018).
They can cause serious injuries, leading to disabilities and lethal
complications. Particularly, as the global population is aging, the
number of falls among older adults remains high (Moreland et al.,
2020). According to available data, global fall prevalence ranges
from 15 to 30% (Ganz and Latham, 2020; Han et al., 2021), which
inevitably poses a huge burden on the medical system (Florence
etal, 2018; Haddad et al., 2019). Hence, initiatives in fall detection
and prevention are much needed.

An effective way to prevent falls is to identify risk factors and
take precautions. So far, several factors associated with falls have
been recognized, including sociodemographic characteristics
(Tsaietal., 2020; Lee Y. Y. et al., 2021), functional decline (Moreira
et al., 2018; Ogliari et al., 2021; Nagarkar and Kulkarni, 2022),
psychological disorders (Luo et al., 2022), and medical conditions
(Immonen et al., 2020; Lee S. et al,, 2021). Among them, frailty is
one of the most well-accepted factors. It is a geriatric syndrome
and represents increased vulnerability to a multisystemic decline.
A frail status increases the risk of adverse outcomes, especially falls
(Rockwood etal., 2007; Clegg et al., 2013). Reliable assessments of
frailty most often include frailty phenotype (EP; Fried et al., 2001)
and frailty index (FI; Searle et al., 2008), although the main focus
of these two parameters are not identical (Cesari et al., 2014). For
example, components of FI include various deficits encompassing
chronic conditions, psychological statuses, and symptoms.
However, FP focuses more on the pre-disability syndrome.
Researchers found that FI screened more people as frail regarding
early detection (Blodgett et al., 2015). In many studies, an FI score
greater than 0.21 is often defined as frailty (Gordon et al., 2021).

Another important fall risk factor is cognitive impairment
(Col). It is defined as a cognitive function worse than an
individual’s expected level (Gauthier et al., 2006). A growing body
of evidence has demonstrated that older adults with Col are
significantly at higher risk of falls (Muir et al., 2012; Montero-
Odasso and Speechley, 2018). The mini-mental state examination
(MMSE) and the revised Hasegawa Dementia (HDS-R) scales
have proved to be reliable for screening for Col in community
setting (Senda et al., 2020). Since frailty and Col often co-occur in
aged individuals, relationship between cognitive frailty (CF;
Kelaiditi et al., 2013) and falls has been explored. Reportedly,
nearly 40% of older adults with CF experienced falls (Guo et al.,
2022), and their risk of falling was at least twice as those without
CF (Brigola et al, 2019; Kim et al., 2019a; Ma et al., 2021).
However, whether CF exerts a cumulative effect on falls compared
with Col or frailty solely remains controversial. In community
participants from Malaysia and the United States, CF showed a
greater effect on fall risk than did Col or frailty alone (Ge et al.,
2021; Rivan et al., 2021). In contrast, Ma et al. (2021) observed
that Chinese frail seniors had higher fall risk than those with CF
compared with robust adults. Moreover, the extent to which CF
could help in fall risk discrimination remains unknown. To fill this
knowledge gap, we analyzed data from the Chinese Longitudinal
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Healthy Longevity Survey (CLHLS) to: (1) determine the
prevalence of falls and CF in community dwellers aged 60 years
and older, (2) explore whether CF increased fall risk compared
with only Col or frailty, and (3) develop a prediction model with
CF for falls and validate the model’s performance.

Materials and methods
Design and population

This cross-sectional study was conducted with participants
included in the CLHLS 2018 wave. The CLHLS, conducting via
face-to-face interviews, is one of the largest national longitudinal
studies in the world for investigating healthy aging. In brief, the
CLHLS covers 23 of 31 provinces in China, and the 2018 wave
consisted of 15,874 respondents who were senior community
dwellers. More details on the designs and objectives of the CLHLS
have been reported elsewhere (Zeng et al., 2008). The inclusion
criteria were: participants aged 60 years and above without missing
dependent or independent variables. Those who were bedridden
or diagnosed with dementia were excluded from the study. Finally,
a total of 4,067 participants’ data were analyzed (Figure 1). Since
the CLHLS was approved by the Ethical Committee of Peking
University and all participants signed written consent, the current
study was exempted from further ethical approval.

Falls

A fall event was determined by the question “Have you fallen
in the past year?” A “Yes” response was coded as a positive
outcome, and the participant was categorized into the fall group;
a “No” response represented a negative outcome, and the
participants was categorized into the non-fall group as reference.

Cognitive impairment, frailty, and
cognitive frailty

Cognitive function was assessed using the MMSE scale.
Domains of orientation, naming, attention, calculation, memory,
and language were estimated by 24 items, with a total score of 30.
As the MMSE score is influenced by education, years of schooling
were taken into account. According to a previous study (Ma et al.,
2017), Col was defined as: (1) illiteracy level and MMSE
score <17, (2) elementary school level and MMSE score <20, (3)
middle school level and MMSE score<22, and (4) higher
education level and MMSE score < 24.

Frailty was evaluated using the FI following a standard
procedure (Chen et al., 2020). A total of 35 dichotomous health
deficits, including functional status, comorbidities, and physical
activity were analyzed (Supplementary material). Each item was
measured as with (1)/without (0) this deficit. For deficits with
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15,874 participants in the CLHLS 2018 wave t

Excluded: N =757
406 without record of falling
351 were bedridden

A

15,117 participants with fall evaluation

Excluded: N =9,281
8006 without assessment of cognitive function
906 without assessment of frailty
2157 without record of education
309 with dementia

A

‘ 5,836 participants with cognition and frailty evaluation

—

Excluded: N =1,769
310 without other funtional evaluations
827 without medical histories
632 with missing sociodemographic characteristics

A

4,067 participants were analyzed

FIGURE 1

Flow chart of participants selection. CLHLS: Chinese Longitudinal Healthy Longevity Survey.

more than two categories, new values were constructed from 0 to
1. For example, the categories of self-reported health were recoded
as follows: very good =0, good =0.25, average =0.5, bad =0.75, and
very bad = 1. If participants had had more than one serious illness
in the last 2 years, two scores were assigned to this deficit. The final
FI was calculated as the unweighted sum of the existing deficits
divided by the total number of possible deficits. In this study, only
the FI with less than 30% missing values was calculated. According
to the previous cutoff value (Gordon et al., 2021), frailty status was
defined as FI>0.21, and non-frail status was defined as FI<0.21.

Participants were then divided into four groups: (1) robust
group: participants without Col and FI<0.21, set as a reference in
regression analyses, (2) Col only group: participants with Col and
FI1<0.21, (3) frailty only group: participants with FI>0.21 but
without Col, and (4) CF group: participants with Col and
FI>0.21.

Sociodemographic variables

In this study, sociodemographic characteristics included sex
(male/female), age (years), marital status (currently married/
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others), residence (city/town/rural), co-residence (with household
member/in an institution/alone), schooling (years), education
(illiteracy/literacy), occupation (agriculture/non-agriculture),
household yearly income (0-30,000 Yuan or 4,302 USD/more
than 30,000 Yuan or 4,302 USD), smoking (none/current/past),
alcohol consumption (none/current/past), exercise (none/current/
past), sleep duration (0-6h per day/7-8h per day/more than 9h
per day), and body mass index (BMI, kg/m?).

Disabilities

Basic and instrumental activities of daily living (BADL and
IADL, respectively) were used to detect disabilities. BADL was
assessed by the following: (1) feeding, (2) bathing, (3) dressing, (4)
toileting, (5) indoor transferring, and (6) continence. IALD
covered abilities of the following: (1) visiting neighbors, (2)
shopping independently, (3) cooking independently, (4) washing
clothes, (6) walking 1 km, (7) squatting and standing three times,
and (8) taking public transportation. Each of the above items in
both BADL and IADL was scored from 1 to 3 points on three
responses: completely independent=1

point, partially
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dependent =2 points, and completely dependent =3 points. The
total BADL and IADL scores ranged from 6 to 18 and 8 to 24,
respectively. A higher score represents worse physical status.
Disability was defined when any item in BADL or IADL scored
three points (Zhang et al., 2021). BADL disability and IADL
disability were the percentage of disabilities identified by each
evaluation tool.

Psychological health

The 10-item measure of the center for epidemiological studies
depression (CES-D) scale was used to assess whether participants
had depression. Participant’s feelings and behaviors were checked
by the CES-D scale and the frequencies were recorded. In the
current study, there were five responses to each item: (1) always,
(2) often, (3) sometimes, (4) seldom, and (5) rarely or never.
Following a previous study (Bjorgvinsson et al., 2013), responses
of (4, 5) were collapsed into one group. Then each item was scored
on a three-point scale, either 0-, 1-, 2-, or 3-pionts. The total
CES-D score ranges from 0 to 30, and depression was distinguished
with a CES-D score > 10 (Bjorgvinsson et al., 2013). The anxiety
status was assessed using the general anxiety disorder-7 (GAD-7)
scale with seven questions. The response options and scoring
methods for each question were identical: (1) never=0 point, (2)
several days=1 point, (3) more than half of the days=2 points,
and (4) almost every day=3 points. A GAD-7 score no less than
8 was confirmed as anxious (Plummer et al., 2016). The depressive
and anxious statuses represented the percentage of depression and
anxiety assessed by CES-D and GAD-7, respectively.

Sensory evaluation

Hearing and vision were evaluated through self-reporting.
Hearing difficulty was assessed by the question: “Do you have any
difficulty with your hearing?” An answer of “Yes” represented a
hearing decline and an answer of “No” represented intact hearing.
Visual difficulty was assessed by the question “Can you see the
break in the circle?” A response of “can see and distinguish” was
recorded as an intact visual function, whereas other two responses
of “can see only” and “cannot see” were categorized as with

visual impairment.

Medical conditions

As older adults have a high probability of comorbidities,
relevant information was collected through participant’s recall.
Medical conditions including hypertension, heart disease, diabetes
mellitus, cerebrovascular disease, respiratory disease,
dyslipidemia, arthritis, and a diagnosis of serious illness in the past
2years were checked. In each category, the answer of “Yes/No”

was recorded.
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Statistical analysis

Descriptive analysis was used to describe the above variables.
Continuous variables are shown as mean + SD, and f-test was used.
Count and percentage of categorical variables are displayed, and
the chi-square test was performed. Three sets of logistic regression
models were developed to analyze the association between Col
only/frailty only/CF and falls. In Model 1, age, sex, education, and
BMI were adjusted for. In Model 2, lifestyle habits and functional
status were further adjusted, including smoking, alcohol
consumption, exercise, sleep duration, disabilities, psychological
status, and hearing and visual difficulties. In Model 3, chronic
conditions were adjusted for. Odd ratios (ORs) were estimated.
Significantly associated variables in Model 3 were presented in a
forest plot and used to develop a fall prediction model. Then, a
nomogram of this model was drawn. Receiver operating
characteristic (ROC) were utilized to evaluate the discrimination
capability of these models. C-index and calibration curve were
used to assess the model performance. All the above statistical
analysis was performed using SPSS (version 23.0, BMI Corp.,
United States) and R (RStudio, Inc., version 2022.02.3) software.
A two-sided p <0.05 was considered statistically significant.

Results

Overall characteristics are shown in Tables 1, 2. Of the 4,067
participants, the mean age was 78.9+9.79 years, with a greater
proportion of male participants (54.5%) than of female. The mean
MMSE and FI scores for the total sample were 28.2+2.7 and
0.18 £0.07, respectively. The prevalence of falls was 19.4% (790) in
this study. Compared to participants in the non-fall group, those
who were female, older, and slept less than 7 h were more likely to
fall. The MMSE and FI scores among the fallers were 27.6+3.2 and
0.20£0.07, respectively, significantly worse than the 28.3 +2.5 and
0.18 +£0.06 scores in the non-fallers. Moreover, the fall group had
higher proportions of frailty only (39.2% vs. 23.3%) and CF (3.0%
vs. 1.0%) than the non-fall group. Both groups shared similar
proportions of those with Col only. For other functional
evaluations, significant differences were found regarding BADL,
IADL, depression, anxiety, and hearing difficulty. Fallers were
more likely to perform poorly in the above functions than
non-fallers. In addition, fallers had higher proportion of serious
illnesses in the past 2 years.

As shown in Figure 2, the prevalence of each status group was:
1.4% (58) in CF group, 1.0% (40) in Col only group, 25.0% (1016)
in frailty only group, and 72.6% (2953) in robust group. Fallers
consisted of 41.4, 17.5, 28.2, and 16.0% in the CF, Col only, frailty,
and robust groups, respectively. Participants with CF tended to
be male, older, and with poor cognitive decline and frail status
among groups. The mean MMSE scores in each group from the
worst to the best were: 17.7£4.5, 19.7+4.1, 27.9+2.4, and
28.6+2.0 in the CF, Col only; frailty only, and robust groups,
respectively, indicating that the categorization of Col among our
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TABLE 1 Sociodemographic characteristics of participants.

Non-fall group Fall group
3,277 790

Sex 1 (%)]*
Female 1851 (45.5) 1,422 (43.4) 429 (54.3) <0.001
Male 2,216 (54.5) 1855 (56.6) 361 (45.7)
Age (mean + SD, years)" 78.88+9.79 78.44+9.67 80.72+£10.06 <0.001
BMI (mean +SD, kg/m?) 22.97+3.57 23.05+3.53 22.67+3.70 0.008
Residence (1 (%)]
City 1,307 (32.1) 1,036 (31.6) 271 (34.3) 0.33
Rural 1,556 (38.3) 1,260 (38.4) 296 (37.5)
Town 1,204 (29.6) 981 (29.9) 223 (28.2)
Marital status [1 (%)]
Currently married 2,342 (57.6) 1933 (59.0) 409 (51.8) <0.001
Others 1725 (42.4) 1,344 (41.0) 381 (48.2)
Co-residence [n (%)]
Alone 596 (14.7) 468 (14.3) 128 (16.2) 0.269
Institution 127 (3.1) 99 (3.0) 28 (3.5)
With household 3,344 (82.2) 2,710 (82.7) 634 (80.3)
Schooling (mean + SD, years) 5.43+4.79 5.51+4.71 5.09+5.12 0.024
Education [1 (%)]
Illiteracy 1,015 (25.0) 777 (23.7) 238 (30.1) <0.001
Literacy 3,052 (75.0) 2,500 (76.3) 552 (69.9)
Occupation [# (%)]
Agriculture 2,101 (51.7) 1,696 (51.8) 405 (51.3) 0.836
Non-agriculture 1966 (48.3) 1,581 (48.2) 385 (48.7)
Household yearly income [7 (%)]
<30,000 Yuan or 4,302 USD 1863 (45.8) 1,497 (45.7) 366 (46.3) 0.773
>30,000 Yuan or 4,302 USD 2,204 (54.2) 1780 (54.3) 424 (53.7)
Smoking [1 (%)]
Current 773 (19.0) 645 (19.7) 128 (16.2) 0.006
Past 723 (17.8) 599 (18.3) 124 (15.7)
Never 2,571 (63.2) 2033 (62.0) 538 (68.1)
Alcohol consumption [ (%)]
Current 771 (19.0) 640 (19.5) 131 (16.6) 0.135
Past 537 (13.2) 435 (13.3) 102 (12.9)
Never 2,759 (67.8) 2,202 (67.2) 557 (70.5)
Exercise [1 (%)]
Current 1822 (44.8) 1,483 (45.3) 339 (42.9) 0.112
Past 262 (6.4) 199 (6.1) 63 (8.0)
Never 1983 (48.8) 1,595 (48.7) 388 (49.1)
Sleep duration [n (%)]
<7h 1,499 (36.9) 1,190 (36.3) 309 (39.1) 0.038
7~8h 1,697 (41.7) 1,399 (42.7) 298 (37.7)
>9h 871 (21.4) 688 (21.0) 183 (23.2)

BMI: body mass index. “Factors significantly associated with falls in multivariable analysis.
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TABLE 2 Functional status and medical history between groups.
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Non-fall group Fall group
n=3,277 n=790

Assessments of cognition and frailty
MMSE (mean +SD) 28.2+2.7 28.3+2.5 27.6+3.2 <0.001
FI (mean +SD) 0.18+0.07 0.18+0.06 0.20£0.07 <0.001
Cognitive and frailty status
Robust [1 (%)] 2,953 (72.6) 2,480 (75.7) 473 (59.9) <0.001
Col only [1 (%)] 40 (1.0) 33 (1.0) 7(0.9) 0.757
Frailty only [n (%)] 1,016 (25.0) 730 (22.3) 286 (36.2) <0.001
CF [n (%)] 58 (1.4) 34 (1.0) 24 (3.0) <0.001
Other functional evaluations
BADL (mean +SD) 6.2+1.0 6.2+0.9 6.4+1.2 <0.001
BADL disability [ (%)] 210 (5.2) 147 (4.5) 63 (8.0) <0.001
IADL (mean+SD) 10.5+4.2 10.2+3.9 11.6+4.8 <0.001
TADL disability [n (%)]* 1,008 (24.8) 728 (22.2) 280 (35.4) <0.001
CES-D (mean + SD) 6.9+3.7 6.7+3.5 7.6+4.0 <0.001
Depressive status [n (%)]* 804 (19.8) 595 (18.2) 209 (26.5) <0.001
GAD-7 (mean+SD) 12+25 1.1+2.4 1.8+£3.0 <0.001
Anxious status [n (%)]* 107 (2.6) 70 (2.1) 37 (4.7) <0.001
With hearing difficulty [n (%)]* 950 (23.4) 709 (21.6) 241 (30.5) <0.001
With vision difficulty [# (%)] 712 (17.5) 558 (17.0) 154 (19.5) 0.113
Medical history
With serious illness* [ (%)]* 970 (23.9) 701 (21.4) 269 (34.1) <0.001
With hypertension [n (%)] 1726 (42.4) 1,394 (42.5) 332 (42.0) 0.824
With DM (%) 448 (11.0) 365 (11.1) 83 (10.5) 0.656
With heart disease [ (%)] 782 (19.2) 625 (19.1) 157 (19.9) 0.644
With CVD (%) 498 (12.2) 399 (12.2) 99 (12.5) 0.831
With respiratory disease [1 (%)] 437 (10.7) 347 (10.6) 90 (11.4) 0.555
With hyperlipidemia [ (%)] 249 (6.1) 196 (6.0) 53 (6.7) 0.494
With arthritis [ (%)] 485 (11.9) 381 (11.6) 104 (13.2) 0.256

MMSE: mini-mental state exam; FI: frailty index; Col: cognitive impairment; CF: cognitive frailty; BADL: basic activities of daily living; IADL: instrumental activities of daily living;
CES-D: epidemiological studies depression scale; GAD-7: General anxiety disorder-7; DM: diabetes mellitus. CVD: cerebrovascular disease. *Factors significantly associated with falls in

multivariable analysis. *Serious illness in the past 2 years.

sample was mild to moderate. However, the pattern for mean FI
was slightly different: 0.31+0.09, 0.27+0.05, 0.16+0.03, and
0.15£0.03 in the CF, frailty only, Col only, and robust groups,
respectively.

The results of regression analyses are shown in Table 3.
Relationships between Col only/frailty only/CF and falls remained
unchanged from Model 1 to Model 3. Taking the robust group as
the reference, older adults with CF were significantly at higher risk
of falling than those with frailty only, with ORs of 3.50 vs. 1.93 in
Model 1; 2.59 vs. 1.68 in Model 2; and 2.27 vs. 1.41 in Model 3,
respectively (all p values <0.05). The results from Model 3
suggested that compared with the robust group, participants with
CF were 2.27 times more likely to fall, and the risk of falling for
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the frail only participants was 1.41 times, both with statistical
significance. However, no significant associations were found
between Col only and falls, the OR (95%CI) in each model was:
1.02 (0.45-2.33) in Model 1; 0.96 (0.42, 2.21) in Model 2; 0.99
(0.43, 2.29) in Model 3.

As the above results showed that CF had a greater effect on
fall risk than frailty alone, we further used CF as an independent
factor to develop a fall prediction model. For convenience, age
was set as a dichotomous variable with a cutoff value of 75 years.
After adjusting for covariates in Model 3, sex, age (categorical),
hearing difficulty, IADL disability, depressive status, anxiety
status, serious illness diagnosed in the last 2 years, and CF were
significantly correlated with falls. The OR (95%CI) for CF
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Groups differences. (A) Prevalence of functional statuses and falls. Red column represents number of specific status divided by 4,067. Gray column
represents number of fallers in each group devided by the group's total number. (B) Age: mean+SD. (C) MMSE score: mean + SD. (D) Fl score:
mean + SD Col: cognitive impairment. CF: cognitive fraity. MMSE: mini-mental state examination. Fl: fraity index. SD: standard deviation.

TABLE 3 Associations between cognitive and/or frailty status with falls.

Model 1 Model 2 Model 3
OR (95%Cl) OR (95%Cl) OR (95%Cl)
Robust Reference Reference Reference
Col only 1.02 (0.45, 2.33) 0.968 0.96 (0.42,2.21) 0.919 0.99 (0.43, 2.29) 0.988
Frailty only 1.93 (1.63, 2.29) <0.001 1.68 (1.40, 2.02) <0.001 1.41 (1.16, 1.73) 0.001
CF 3.50 (2.04, 6.00) <0.001 2.59 (1.49, 4.52) 0.01 2.27(1.29,3.97) 0.004

Col: cognitive impairment; CF: cognitive frailty. OR: odds ratio. Model 1: adjusted for age, sex, residence, education, and BMI. Model 2: in addition to Model 1, smoking, alcohol

consumption, exercise, sleep hours, disabilities, psychological status and hearing and visual difficulties were adjusted. Model 3: hypertension, heart disease, diabetes mellites,

cerebrovascular disease, respiratory disease, dyslipidemia, arthritis, and diagnosed serious illness in the past 2 years were further adjusted.

[1.87(1.07-3.25)] was the greatest among these factors (Figure 3).
Next, a nomogram was constructed (Figure 4), which could
be applied to calculate the risk of falling for community dwellers
aged >60y. For example, for an 80-year-old woman with CF,
CES-D score of 11, GAD-7 score of 13, IALD disability, and
hearing loss but no serious illnesses in the past 2 years, the total
score is 440. This score corresponds to a fall probability of 63%.
The power of this prediction model was tested by ROC, which
yielded an AUC of 0.646, with a sensitivity of 0.679 and a
specificity of 0.532 (Figure 5). The C-index was 0.641. A
calibration curve was drawn with the x-axis representing the
predicted probability of falls and the y-axis representing the
actual probability of falls (Figure 6).
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Discussion

The overall prevalence of falls and CF participants was 19.4%
(790) and 1.4% (58), respectively. CF significantly increased the
fall risk compared with the robust status and showed a cumulative
effect on falls compared with Col or frailty alone. Additionally,
we extended these findings to develop a prediction model
employing CF, sex, age, hearing difficulty, depression, anxiety,
IADL disability, and serious illness in the past 2 years. This model
had moderate discriminatory accuracy for falls. To the best of our
knowledge, this is the first study to use CF to establish a risk
evaluation model for fall prediction and presented a nomogram
accordingly for practical use.
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The CF prevalence varied in different studies, ranging from
1.0 to 50.1% (Qiu et al., 2022). This may be a result of different
diagnostic criteria. According to the consensus for CF definition
(Kelaiditi et al., 2013), several measurements for cognitive
function and physical status are suggested. For cognitive function
evaluation, our study employed the MMSE scale and observed a
Col prevalence lower than that (8.3 and 12.1%) in the other two
studies using similar criteria (Brigola et al., 2019; Wang et al,,
2022). This disparity may be due to a greater mean MMSE score
of 28 in our participants than the score of 21 or 24 in the
abovementioned studies. Since MMSE is highly influenced by
socioeconomical factors (Jeong et al., 2007), better educational
background (schooling year: 5.43+4.79 vs. 3.54+ 3.54) among
the participants in our study could be the reason of the difference.
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Receiver operating characteristic curve for the prediction model.
AUC: area under the curve.

This may also explain why, in another comparable aging study,
the Col prevalence of 22.0% using the HDS-R scale was higher
than ours. The literacy rate in that study was 48.1%, much lower
than that (75.0%) in our study. Another possible explanation
would be that HDS-R covers more memory evaluation than
MMSE does, which is highly relevant to the early manifestation
of cognitive decline (Senda et al., 2020). For physical status
evaluation, previous CF studies from Japan (Kim et al., 2019a),
Italy (Solfrizzi et al., 2017), and the United States (Ge et al., 2021)
utilized FP and found the frailty prevalence were 3.6, 3.1, and
5.6%, respectively. This prevalence was much lower than ours
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identified by FI method, suggesting that FI could diagnose more
frail adults than FP does (Blodgett et al, 2015). Therefore,
available assessments for CF differ in diagnostic efficacy. In view
of increasing evidence on the associations between CF and
adverse health outcomes, further studies proposing a uniform
evaluation of CF are warranted.

Cognitive frailty (CF) showed a cumulative effect on falls than
Col or frailty on its own. As previously reported, Ge et al. (2021)
discovered that CF participants had a 2.5-fold higher fall risk than
their robust counterparts, whereas the fall risk among Col and
frail alone participants only increased by 22 and 53%, respectively.
Contrary to this findings, Ma et al. (2021) found that frail adults
had a 6.8-fold higher risk of falls than robust adults, while the OR
for CF adults was 3.5. The underlying reason could be the different
sample characteristics. The prevalence of falls among groups in Ge
et al’s study was as follows: 58.3% in the CF group, 45.2% in the
frailty only group, 29.8% in the Col only group, and 24.7% in the
robust group. However, in Ma et al’s study, the fall rate of 23.7%
was the highest in the frailty only group. Our study results were
consistent with the Ge et al’s findings and demonstrated a greater
fall rate in the CF group than in the other groups. Moreover,
we observed that those with CF had poor MMSE and FI scores
than did the other groups, which could partially explain the joint
effect of CF on falls. This finding indicates that cognitive
impairment may lead to a more severe physical decline and vice
versa. With a poor functional status, the risks of adverse health
outcomes increase, including falls (Martin et al., 2013; Aliberti
etal, 2019; Chu et al., 2019). Thus, simultaneous assessments of
frailty and cognitive function would be a better choice for
predicting fall risk in the elderly (Ge et al., 2021).

Since CF may be a better index than Col or frailty for fall risk
assessment, we presented a prediction model employing CF as
well as other fall-related factors. Similar to previous research
findings (Ogliari et al., 2021; Lee Y. Y. et al., 2021; Luo et al., 2022;
Nagarkar and Kulkarni, 2022), we found that sex, age, hearing
difficulty, IADL disability, and depressive or anxious status were
associated with falls. However, no association was found between
falls and other formerly confirmed risk factors, such as sleep
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duration, vision impairment or BADL disability. This disparity
may be due to different evaluation methods. For example, a
previous study used a five-level rating scale for vision assessment,
from “excellent” to “poor;” and found that visual impairment
independently correlated with falls (Ogliari et al., 2021). Our
study used a simpler assessment, and found no significant
relationship between them. Furthermore, serious illness in the
past 2years was first reported in our study as a fall-associated
factor, suggesting that a prolonged awareness of fall risk may
be appropriate for those who have been critical ill in the past
2years. As these factors can be easily acquired through
questionnaires, our prediction model would be feasible for a large-
scale screening for fall risk in the community.

The current study was the first to develop a fall prediction
model based on CF. By analyzing a sample with an average age of
79years, our findings may add to existing evidence and provide
meaningful insights on fall risk prevention in this aging society.
However, some limitations should be noted. First, because of a
cross-sectional study design, our results did not demonstrate a
causal relationship between CF and falls. We were only able to
draw conclusions of association. Second, as most of the data in
our study were self-reported and only dwellers without missing
values were included, information and selection biases were
inevitable. Third, other well-recognized fall risk factors were not
included, such as fear of falling and recurrent falls. Finally, since
the number of Col group was only 7, relevant results should
be interpreted with caution. Further studies including more
relevant factors and larger sample would be more informative.

Conclusion

In summary, this study observed that CF increased fall risk
and had a cumulative effect on falls compared with Col or frailty
alone. Furthermore, a nomogram based on CF, age, sex, IADL
disability, depression, anxiety, hearing difficulty, and a medical
history of serious illness in the past 2 years yielded a moderate
power of fall risk discrimination. Hence, joint assessments of
cognitive function and frailty status may be beneficial for fall risk
screening in communities. The nomogram based on CF could
be a feasible prediction tool for this process.
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