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Abstract
Previous studies have investigated the association between cognitive 
frailty and falls among older adults in community; however, no study 
investigated this relationship among older patients living in hospital. 
This study aimed to examine the relationship of cognitive frailty 
with falls among older inpatients in Chinese hospital. Methods: This 
analysis consisted of 9192 older inpatients aged 65 years or over 
from six hospitals in China. We used FRAIL scale and Mini-Cog to 
assess frailty and cognitive impairment, respectively. A generalized 
estimating equation was used to examine the relationship between 
cognitive frailty and falls at 30-day follow-up. Results: Among 
9192 older inpatients enrolled in this present study, the mean (SD) 
age was 72.40(5.72) years, with 3850(41.88%) women. The cross-
sectional analysis found that after controlling for variables (age, 
gender, education, depression, and hospital ward cluster effect), 
hospitalized patients with cognitive frailty, frailty only, or cognitive 
impairment only at baseline were all associated with history of falls 
(P<0.05). At 30-day follow-up, generalized estimating equation with 
full-adjustment showed that inpatients with cognitive frailty were 
at greater risk of falls than those of non-frail and cognitive intact 
(OR=3.0,95%CI:1.32-6.83). This association was also observed in 
individuals with frailty only (OR=2.11,95%CI:1.04-4.27) but not for 
patients with cognitive impairment only((OR=1.11,95%CI:0.43-2.85). 
Conclusion: Our study suggested that hospitalized Chinese older 
adults with cognitive frailty were independently associated with falls. 
Early screening frailty and cognitive impairment were significant for 
older patients by clinicians, and corresponding interventions, exercise 
training and nutritional programs, should be implemented to prevent 
falls.   
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Introduction

Falls are an important serious public health problem 
for older adults. It is estimated that about 30% of 
older adults aged 65 or more fall each year globally, 

and the incidence of falls rose with age and frailty levels (1). 
Older adults with falls were associated with the risk of adverse 
clinical outcomes such as fracture (2), lower quality of life (3), 
hospitalization (4), post-fall syndrome (5), and mortality (6). 
With the rising population of older adults globally, prevention 
and management of falls have become a challenge for society.  

Early identification of the risk related to falls and taken 

intervention were essential for the elderly. Previous studies 
summarized several factors contributing to falls, such as 
vision impairment (7), sarcopenia (8), environmental factor, 
and other health-related characteristics (9, 10). Frailty is a 
geriatric syndrome with characteristics of declined function 
ability and more vulnerability to stressors. A meta-analysis 
indicated that frailty could increase the risk of falls with the 
OR of 2.50(95%CI:1.58-3.96) among older people living 
in community (11), and a similar result was found among 
hospitalized patients (12). Recently, a study reported that frail 
older people were often coexisting cognitive impairment, a new 
concept of cognitive frailty, introducing by the international 
consensus group (13). Given previous research indicated that 
older people with global cognition impairment was at greater 
risk of falls than those with cognitive intact (14). Therefore, it 
is essential to understand whether the individual with cognitive 
frailty could have a cumulative risk of falls..

Five studies investigated the relationship between cognitive 
frailty and falls. The earliest cross-sectional study was 
performed by Tsutsumimoto et al. (15) with 10,202 older adults, 
reporting that older adults with cognitive frailty not only had 
a higher risk of falls but also fractures, compared to those 
with not frailty and cognitively intact. Whereas, we need to 
be cautious because this study was cross-sectional and unable 
to make a causal inference. Later, Zhao et al. (16) reported 
that older adults from a rural community with cognitive frailty 
were associated with the risk of falls. In contrast, Brigola et al 
(17) also conducted a cohort study with 405 older adults; the 
author did not find an association between cognitive frailty and 
falls at the four-year follow-up (OR=1.44,95%CI:0.51-4.05). 
We suspected the reasons might not be a larger sample size. 
Recently, two prospective cohort studies had investigated the 
relationship between cognitive frailty and falls or recurrent 
falls, both indicating that older inpatients with cognitive frailty 
were at greater risk of falls when not frailty with cognitively 
intact was considered as reference (18, 19). However, these 
above-mentioned studies were all focused on community-
dwelling older people. Hospitalized older inpatients usually 
experienced worse health conditions. Yet, the relationship 
between cognitive frailty and fall risk at hospital setting is 
unknown.

Considering the different populations and controversial 
results, we believe that it is critical to explore the relationship 
between cognitive frailty and falls among older inpatients in a 
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multiple-center study. We aim to examine:(a) the relationship 
between cognitive frailty and history of falls in the last one 
years); (b) the relationship of cognitive frailty with the risk of 
30-day falls. 

Methods:
 

Participants and study design
 

This study initially was about investigating the prevalence 
of frailty in Chinese hospitalized inpatients aged 65 and over 
from multiple centers of tertiary hospitals. The original cohort 
study was established between October 2018 and February 
2019 for the baseline survey. Six hospitals were included 
in this initial cohort study. Detailed study design and data 
collection were published before (20). In brief, we included 
older adults aged 65 or older with Informed consent obtaining 
by patients and excluded those who cannot communicate with 
investigators or suffer from a long-period unconsciousness. The 
ethics review board of Peking union medical college hospital 
have approved this study with the number of S-K540 and per-
protocol had registered in the Chinese Clinical Trial Registry 
with the number of ChiCTR1800017682. 

Study outcome: falls incident were obtained at baseline 
and during the 30-day follow-up. Investigators asked the 
participants about the question: Have you ever fallen in the last 
one year. We defined the falls as a person who was unbalanced  
and landed on the floor, ground, or other lower level without 
any intentions. We did not obtain the specific number of falls, 
and anyone even fallen was defined as a fall incident, and 
frequency of falls was categorized as no falls, and≥one fall 
Operationalization of frailty. 

The FRAIL scale was adopted to assess the status of frailty. 
This frail scale consisted of five components: fatigue, weight 
loss, ambulation, resistance, and illness (21). The total score 
ranges from 0 to 5 points and categorized participants as frailty 
(3-5) and non-frailty (0-2).

Operationalization of cognitive impairment
 

Based on the hospital setting’s busy and inconvenient setting, 
we used a simple but reliable cognitive impairment screening 
tool named Mini-Cog (22). This tool integrates two parts: 
words memory test and clock drawing test, with the total scores 
ranging from 0 to 5. Older adults with the point (0-2) indicate 
cognitive impairment. 

Definition of cognitive frailty: according to the international 
consensus, an individual who coexisted with frailty and 
cognitive impairment was considered  as cognitive frailty.   

Covariates

We collected the demographic characteristics, lifestyle 
variables, and geriatric syndrome, and other health-related 
factors. Demographic characteristics included age, gender 
(female and male), education (Illiterate, Primary, Middle, 
University), ethnicity (Han and others), marital status (marriage 

and divorced or widowed), smoking status (never smoking, 
current smoking and smoking before), alcohol (never, current, 
and quit). We classified BMI with the formula (weight-to-height 
ratio) as underweight (BMI<18.5kg/m2), normal (18.5 kg/
m2<=BMI<24 kg/m2), overweight (BMI>=24 kg/m2), obesity 
(BMI>=28 kg/m2). Depression assessment was conducted by 
a Chinese version of the Geriatric Depression Scale-15 (GDS-
15) with the total point ranging from 0 to 15, with greater 
scores revealing more severe depression (23). Depression was 
defined when the value was five or more. We also evaluated 
handgrip strength and nutritional status by a dynamometer and 
Mini Nutritional Assessment-short form (24), respectively. Low 
handgrip strength (<28 kg for men or <18 kg for women) was 
confirmed based on the criteria of the Asian Working Group 
for Sarcopenia (25). Nutritional status was defined into three 
classifications (malnutrition being 0-7, risk of malnutrition 
being 8-11, and no malnutrition being 12-14). . 

Statistical analysis

We classified the total sample into four groups: frailty only, 
cognitive impairment only, cognitive frailty, and neither frailty 
nor cognitive impairment. Data were displayed as two types 
with continuous data and categorical data. We compared the 
difference between these four groups in terms of different 
variables by using Chi-square tests and one-way analysis of 
variance (ANOVA). Considering older patients from the same 
department are more likely to have similar disease conditions, 
we used a generalized estimating equation to adjust for the 
clustering effect of hospital ward and living area to examine the 
relationship between cognitive frailty and falls. We estimated 
the association by odds ratios (OR) and corresponding 95% 
confidential intervals (CI). Different adjusted models were 
listed (Model1: unadjusted; Model2: controlled for age, gender, 
education; Model3: controlled for age, gender, education, and 
hospital ward cluster effect). The data analysis was performed 
by SAS 9.4 software (SAS Institute Inc., Cary, NC, USA), 
and a 2-sided p-value <0.05 indicated statistically significant 
difference.      

Results 

Baseline Characteristics of participants 

Of 9192 hospitalized patients, 498(5.42%) were cognitive 
frailty, 1053 (11.45%) were frailty only, 1387(15.08%) for 
cognitive impairment, and 6254(68.03%) were not frailty and 
no cognitive impairment. Overall, the mean age for this cohort 
group was 72.40(SD=5.72), with 3850(41.88%) women; 8683 
patients (94.46%) were Han. 71.25% of the older adults aged 
65-74 years. Other baseline characteristics are shown in Table 
1. Compared with inpatients without frailty and cognitive 
impairment, those with cognitive frailty were older, had a 
higher proportion of underweight (12.53%) and more female, 
presented a higher proportion of illiterate (38.15%). The 
prevalence of depression (41.97%), lower handgrip strength 
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Table 1. Baseline characteristics by frailty and cognitive impairment status
Variables All sample n=9192 Frailty and

cognitive impairment 
n=498(5.42)

Frailty only n=1053
(11.45)

Cognitive impairment 
only n=1387 (15.08)

No frailty and no cognitive 
impairment n=6254

(68.03)

P-value

Age (years) (mean, SD) 72.40±5.72 75.07 ±6.64 73.21±5.99 73.24±6.03 71.87±5.42 <.0001

Age group 

65-74 6692(71.25) 260(52.21) 680(64.58) 893(64.38) 4659(74.50)

75-84 2405(25.61) 200(40.16) 326(30.96) 433(31.22) 1446(23.12)

85- 295(3.14) 38(7.63) 47(4.46) 61(4.40) 149(2.38%)

BMI (n, %)

underweight 613(6.75) 59(12.53) 127(12.28) 115(8.41) 312(5.02) <.0001

Normal 4413(48.56) 254(53.93) 501(48.45) 678(49.60) 2980(47.94)

Overweight 3134(34.49) 124(26.33) 296(28.63) 422(30.87) 2292(36.87)

Obesity 928(10.21) 34(7.22) 110(10.64) 152(11.12) 632(10.17)

Gender (n, %) <.0001

Female 3850(41.88) 263(52.81) 459(43.59) 717(51.69) 2411(38.55)

Male 5342(58.12) 235(47.19) 594(56.41) 670(48.31) 3843(61.45)

Ethnicity (n, %) <.0001

Han 8683(94.46) 426(85.54) 975(92.59) 1279(92.21) 6003(95.99)

Other 509(5.54) 72(14.46) 78(7.41) 108(7.79) 251(4.01)

Education (n, %) <.0001

Illiterate 1430(15.56) 190(38.15) 157(14.91) 404(29.13) 679(10.86)

Primary 2636(28.68) 149(29.92) 319(30.29) 489(35.26) 1679(26.85)

Middle 3756(40.86) 124(24.90) 416(39.51) 396(28.55) 2820(45.09)

University 1370(14.90) 35(7.03) 161(15.29) 98(7.07) 1076(17.20)

Marital status (n, %) <.0001

Marriage 8174(89.02) 402(80.72) 922(87.64) 1175(84.84) 5675(90.84)

Divorced or widowed 1008(10.98) 96(19.28) 130(12.36) 210(15.16) 572(9.16)

Smoking status (n, %) 0.0012

Never smoking 6043(65.74) 347(69.68) 692(65.72) 967(69.72) 4037(64.55)

Current smoking 1027(11.17) 42(8.43) 104(9.88) 147(10.60) 734(11.74)

Smoking before 2122(23.09) 109(21.89) 257(24.41) 273(19.68) 1483(23.71) 

Alcohol consumption (n, %) <.0001

Never 6998(76.13) 416(83.53) 816(77.49) 1095(78.95) 4671(74.69)

Current 1084(11.79) 23(4.62) 91(8.64) 144(10.38) 826(13.21)

Quit 1110(12.08) 59(11.85) 146(13.87) 148(10.67) 757(12.10)

Fall history in last years (n, %) <.0001

Yes 1290(14.03) 115(23.09) 215(20.42) 210(15.14) 750(11.99)

No 7902(85.97) 383(76.91) 838(79.58) 1177(84.86) 5504(88.01)

Depression (n, %) <.0001

No 7705(83.82) 289(58.03) 634(50.21) 1145(82.55) 5637(90.13)

Yes 1487(16.18) 209(41.97) 419(39.79) 242(17.45) 617(9.87)

MNA-SF (n, %) <.0001

Normal 5035(54.78) 69(13.86) 278(26.40) 595(42.90) 4093(65.45)

At risk of malnutrition 3193(34.74) 230(46.18) 472(44.82) 650(46.86) 1841(29.44)

Malnutrition 964(10.49) 199(39.96) 303(28.77) 142(10.24) 320(5.12)

Low Hand grip strength (n, %) <.0001

Yes 4686(50.98) 417(83.73) 731(69.42) 846(60.99) 2692(43.04)

No 4506(49.01) 81(16.27) 322(30.58) 541(39.01) 3562(56.96)

BMI: body mass index, MNA-SF: Mini Nutritional Assessment-short form
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(83.73%) and malnourished (39.96%) in cognitive frailty 
group were the highest among these four frailty and cognitive 
impairment categories, respectively. 1290(14.03%) individuals 
experienced at least one fall event in the last years before 
baseline. The prevalence of fall history among these four 
categories was 23.09% for cognitive frailty, 20.42% for frailty 
alone, 15.14% for cognitive impairment alone, and 11.99% for 
adults without frailty and cognitive impairment, respectively.

The cross-sectional association between frailty and 
cognitive impairment categories and history of fall 
at baseline

The results of this cross-sectional association between 
history of falls and categories of frailty and cognitive 
impairment were shown in Table 2. In the unadjusted model, 
older inpatients with cognitive frailty were associated with 
a greater risk of falls when compared to neither group 
(OR=1.79,95%CI:1.49-2.16). Similar findings were indicated 
in the frailty only group and cognitive impairment group only, 
with the OR of 1.67(95%CI:1.46-1.91) and 1.21(95%CI:1.04-
1.41), respectively. After controlling for age, gender, 
and education, these mentioned-above associations were 
diminished. In addition, after controlling for confounding 
factors (age, gender, education, depression, and hospital 
ward cluster effect), the OR for cognitive frailty, frailty only, 
cognitive impairment only was 1.58(95%CI:1.29-1.92), 
1.49(95%CI:1.30-1.72),1.18(95%CI:1.01-1.38), respectively.

Longitudinal association between 30-day fall and 
cognitive frailty categories

Table 3 presents the relationship between cognitive 
frailty categories and falls at 30-day follow-up. In 

the unadjusted model, frailty or cognitive frailty was 
associated with a greater risk of 30-day falls than neither 
(cognitive frailty: OR=3.93,95%CI:1.76-8.77; frailty only: 
OR=2.38,95%CI:1.16-4.89), but not for cognitive impairment 
(OR=1.24,95%CI:0.52-2.96). After adjusted for age, gender, 
and education, these mentioned-above associations were 
decreased. In the final adjusted model (age, gender, education, 
depression, and hospital ward cluster effect), the associations 
still significant existed with the OR of 3.0(95%CI:1.32-
6.83) for cognitive frailty, 2.11(95%CI:1.04-4.27) for 
frailty only. However, compared with those with robust and 
cognitively intact, individuals with cognitive impairment 
only still not associated with greater risk of 30-day falls 
(OR=1.11,95%CI:0.43-2.85).   

 
Discussion

Our present study was, to be the best of our knowledge, a 
first study that nationally represents a large-scale sample of 
older inpatients to examine the relationship between cognitive 
frailty and falls based on cross-sectional design and follow-
up cohort study in China. Our research suggested that older 
Chinese adult inpatients with cognitive frailty were at increased 
risk of falls, compared to those with robust and cognitively 
intact, suggesting that screening frailty and cognitive 
impairment together was important for preventing falls among 
hospitalized older adults. 

Several observational studies had investigated the 
relationship of cognitive frailty with falls among community-
dwelling older adults. Regarding cross-sectional design, 
Tsutsumimoto et al (15). conducted a study with Japanese 
older adults and reported that there was a significant 
relationship between cognitive frailty and the history 
of falls, as well as frailty and cognitive impairment alone, 
which is compatible with our study. Recently, one study from 

Table 2. Generalized estimating equation analysis for the cross-sectional association between a history of falls and status of 
cognitive impairment and frailty
Exposure Non-adjusted (OR,95%, CI) Adjusted Ⅰ (OR,95%, CI) Adjusted II (OR,95%, CI,)
Nonfrail and no cognitive Reference Reference Reference
Cognitive impairment only 1.21(1.04-1.41) 1.20(1.03-1.40) 1.18(1.01-1.38)
Frailty only 1.67(1.46-1.91) 1.61(1.41-1.84) 1.49(1.30-1.72)
Frailty and cognitive impairment 1.79(1.49-2.16) 1.71(1.41-2.07) 1.58(1.29-1.92)
Unadjusted: Adjusted Ⅰ: age gender education; Adjusted Ⅱ: age gender education, depression, hospital ward cluster effect 

Table 3. Generalized estimating equation analysis for assessing the association between 30-day falls and status of cognitive im-
pairment and frailty
Exposure Non-adjusted (OR,95%, CI) Adjusted Ⅰ (OR,95%, CI) Adjusted Ⅱ (OR,95%, CI,)
Nonfrail and no cognitive Reference Reference Reference
Cognitive impairment only 1.24(0.52-2.96) 1.13(0.45-2.84) 1.11(0.43-2.85)
Frailty only 2.38(1.16-4.89) 2.24(1.09-4.58) 2.11(1.04-4.27)
Frailty and cognitive impairment 3.93(1.76-8.77) 3.20(1.46-6.98) 3.00(1.32-6.83)
Unadjusted: Adjusted Ⅰ: age gender education; Adjusted Ⅱ: age gender education, depression, hospital ward cluster effect
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Chinese community-dwelling older adults also showed that 
cognitive frailty was associated with a higher risk of history 
of falls compared to those who were robust participants 
(OR=3.51,95%CI:1.18-10.44) (18). Taken together, our study 
and other previous studies suggested that cognitive frailty was 
a risk factor that can increase the likelihood of falls. Although 
cross-sectional studies indicated the stronger association 
between cognitive frailty and falls, some recall bias might 
influence these results. In addition, we cannot completely 
decide whether cognitive frailty or fall event was the first 
stimulative factor based on the cross-sectional study because 
those older adults who experienced falls might develop frailty 
or cognitive impairment due to inactivity caused by fear of 
recurrent falls.

Recently, some prospective cohort studies focused on 
this topic with mixed results. Brigola et al (17). conducted a 
four-year follow-up study and reported that cognitive frailty 
increases hospitalization risk (OR=6.5,95%CI:2.20-19.60) 
but not falls (OR=1.44,95%Ci:0.51-4.05). In contrast, other 
new article of a population-based longitudinal study showed 
that community-dwelling older adults, with cognitive frailty, 
increased the risk of falls (OR=3.41,95%CI:1.11-10.50). Our 
study showed similar results that cognitive frailty increased 
the risk of falling compared to those without cognitive frailty 
(18). In addition, another new study also reported frailty 
with or without cognitive impairment is both stronger risk 
factor of recurrent Falls (19). Based on the previous and our 
studies, we believe that older adults with cognitive frailty 
have a higher risk of falls than those without cognitive frailty. 
However, this present study only focused on older inpatients 
that were largely different from community-dwelling older 
people, accompanying more severe diseases. At the same time, 
falls have become a serious problem for older adults living in 
hospitals. Once patients are fallen, fall-related injury, prolonged 
hospital stay, and delays in functional recovery were happened, 
which might lead to increased health system costs and lower 
quality of life (26). Our study extended the evidence that 
cognitive frailty was a risk factor for falls among hospitalized 
patients, which stresses the importance of early screening this 
high-risk group and implementing interventions to prevent falls. 

The mechanism between cognitive frailty and falls was 
complex and had multiple aspects. Frailty was geriatric 
syndrome indicating a worse function ability of older adults. 
A systematic review and meta-analysis had shown that frailty 
was an independent risk of falls among older adults living 
in community (11). Meanwhile, older people with cognitive 
impairment were also confirmed to have an increased risk of 
falls (14). Therefore, when older adults suffered from these 
two geriatric syndromes, they were more vulnerable to adverse 
events. Some hypotheses believed that frailty and cognitive 
impairment were a reciprocal relationship, which results in a 
series of adverse outcomes such as mortality, disability, and 
dementia (27). Regarding falls, serval factors such as older age, 
functional impairment, poor balance, and muscle weakness 
were associated with falls (9, 28, 29). These factors mentioned 
above are some domains of frailty and cognitive impairment. 
Therefore, cognitive frailty might aggravate these associations 
between individual factors and falls, finally increasing the risk 

of falls. In addition, frail older adults coexisting with cognitive 
frailty are prone to older, possibly have a visual impairment, 
unable to react as quickly as young adults. When they enter a 
new environment, they fail to respond promptly, resulting in 
falls.

Our study has multiple clinical implications. To the best 
of our knowledge, this was the first research to explore the 
relationship between cognitive frailty and falls among older 
inpatients. Previous studies focused on community-dwelling 
older people, which was relatively heathier than hospitalized 
patients. Our study found that the association of cognitive 
frailty with falls were still existed among hospitalized older 
patients, implying that clinicians need early screening cognitive 
frailty and implementing corresponding intervention for falls. 
A published study found physical activity could mediate the 
relationship of cognitive frailty with falls (16). In addition, an 
interventional program including exercise training, nutritional 
program, and memory training was reported to reverse frailty 
measures (30). Therefore, appropriate exercise training and 
nutritional intervention need to be considered together with 
fall-related education in inpatients at discharge to reduce the fall 
incident.

Our study involved some strengths and limitations. 
First, compared to other studies with community-dwelling 
older adults, our study focused on unhealthy older adults 
(hospitalized patients), which added new evidence to this 
important issue. Second, we had examined the relationship 
between cognitive frailty and falls with a cross-sectional 
and longitudinal design, which help us better discern this 
association. Third, we adopted a generalized estimating 
equation to examine the relationship of cognitive frailty with 
falls after controlling the cluster effect of hospital wards. 
However, some limitations should be described. First, although 
we have conducted a longitudinal study, the period of follow-
up was short, which might underestimate or overestimate 
our results. Second, the outcome of falls was measured via 
a questionnaire survey reported by participants, producing 
potential recall bias. Third, we did not use multidimensional 
measures to assess frailty and cognitive impairment, which 
might not completely reflect the overall picture of older 
adults. Fifth, some potential confounding factors that were not 
collected, which could influence our results.  

Conclusion

Our study indicated that hospitalized patients with cognitive 
frailty had a higher risk of falls than those with robust and 
cognitively intact, implying the importance of early screening 
of cognitive frailty and implementing intervention for 
preventing falls.  
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