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Background: Cognitive impairment has been reported to be  associated with 
falls in older adults. However, the complex relationship among falls, cognitive 
impairment and its associated factors, which could be  targeted with specific 
interventions, remains to be elucidated. This study aimed to examine the direct 
effects of cognitive impairment on falls, to identify the factors associated with 
cognitive impairment and to explore the mediation role of cognitive impairment 
in the association of fall with cognition related factors.

Methods: This 1-year follow-up cohort study enrolled old adults aged 60  years 
or over. Information about demographic and anthropometric characteristics, fall 
outcomes, function and nutritional status were collected through face-to-face 
interview. Cognitive function was evaluated by the Montreal Cognitive Assessment 
(MoCA). Multivariable regression analyses were used to test the association 
between cognitive impairment and falls and to identify the factors related to 
cognitive impairment. Additionally, we  conduct causal mediation analyses to 
estimate the mediation effects of cognitive impairment in the pathways of fall 
occurrence.

Results: Of the 569 participants included in this study, 366 (64.32%) had 
cognitive impairment, 96 (16.87%) had fall history in the past 1  year, 81 (14.24%) 
experienced fall and 47 (8.26%) received treatment because of falling during the 
1-year follow-up. The association between cognitive impairment and 1-year fall 
risk was confirmed after adjusting for multiple covariates [odds ratio (OR):2.03, 
95% confidence interval (CI): 1.13–3.80]. IADL disability, depression and low grip 
strength were associated with a higher prevalence of cognitive impairment. While 
overweight, higher education and higher income level were found to be related 
to a lower risk of cognitive impairment. Among these associated factors, cognitive 
impairment mediated the positive association of falling with IADL ability and 
depression, and a negative relationship with education and income level.

Conclusion: Our study not only confirmed the direct influence of cognitive 
impairment on fall risk in older adults, but also suggested a mediating role that 
cognitive impairment played in the pathways of fall occurrence. Our finding could 
help develop more specific interventions for fall prevention.
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Introduction

Falls have been an important serious public health problem 
since it can cause many adverse consequences, such as fracture, 
decreased quality of life, hospitalization and death, which have 
produced great health and economic burdens worldwide (1–3). 
The consequences of fall in older adults could be even worse for 
that it may not only lead to a reduction in functionality but also 
affect multiple aspects of life in older adults (4). It is estimated 
30% of older people 65 or above could experience fall each year 
and this figure may continue to increase with the rising aging 
population globally (3, 5). Identifying the risk factors is efficient 
to prevent the occurrence of fall and further injuries through 
appropriate interventions.

To date, a number of factors have been identified to 
be associated with the risk of fall (6, 7). Among them, cognitive 
impairment is one of the crucial risk factors of falls among 
community-dwelling elderly adults (8–10). A large body of 
evidence has shown that there exists cognitive-motor 
interference phenomenon (11, 12). Cognitive function would 
impact walking and balance skills; while low physical function 
(11), such as sarcopenia and low muscle strength, is negatively 
associated with cognitive function (13, 14). The interdependent 
effects of cognitive and physical function have been of interest 
in rehabilitation field (12, 15). Furhtermore, fall is a complex 
event and is often companied with other geriatric syndromes and 
factors. Some geriatric syndromes, such as polypharmacy and 
multimorbidity, have been reported could affect both falls and 
cognitive function (16, 17). What is the relationship among 
cognitive impairment, falls, and other geriatric factors, how 
cognitive impairment increases the fall have not been fully 
elucidated yet. It has been reported that interventions directly 
on fall in patients with cognitive impairment, such as exercise to 
improve gait, balance and mobility, were insufficient to prevent 
fall occurrence (18). Interventions for cognitive impairment 
besides directly on fall would be more efficient in reducing fall 
incidence (19). However, management for cognitive impairment 
was limited in fall prevention (20). Identifying factors associated 
with cognitive impairment, knowing the relationship among 
these associated factors, cognitive impairment and fall, 
understanding the pathway through which cognitive impairment 
affect fall occurrence will provide more specific targets for 
interventions and thus increase the effectiveness of the 
intervention strategies.

Therefore, we  carried out this cohort study in a Chinese 
retirement community to investigate the direct effect of cognitive 
impairment on falls, to identify the associated factors of cognitive 
impairment, and to explore the pathways by which cognitive 
impairment affects fall occurrence by using causal 
mediation analysis.

Materials and methods

Participants and study design

The present study was a 1-year follow up cohort study. The 
inclusion criteria were: (1) age 60 years or over and (2) had 
electronic health records from long-run medical centers. The 
exclusion criteria were: (1) had a diagnosis of dementia by a 
dementia specialist; (2) a history of Parkinson’s disease; (3) terminal 
cancer. Based on these criteria, we recruited 749 old adults in a 
retirement community in Beijing from 2018 to 2019. After 
excluding the participants who did not receive physical or cognitive 
function assessment and who were lost to follow-up (including 
those who died and did not attend the follow-up assessment), 569 
participants were included in the present analysis (Figure 1). This 
study has been approved by the Research Ethics Committee of 
Chinese PLA General Hospital (Ethic number: S2018–102-02) and 
all participants signed the informed consent.

Cognitive function assessments

Cognitive function was assessed using the Montreal Cognitive 
Assessment (MoCA), which consists of eight domains including 
visuospatial skills and executive function (0–5 scores), functions (0–5 
scores), delayed recall memory (0–5 scores), attention (0–6 scores), 
naming (0–3scores), language (0–3 scores), abstraction (0–2 
scores),and orientation (0–6 scores). The total score of MoCA ranges 
from 0 to 30, with higher scores indicating higher cognitive function. 
Cognitive impairment was defined as MoCA scores of ≤25, ≤24 
and ≤ 23 for participants aged 60–79, 80–89, and ≥ 90 years old, 
respectively (21).

Falls

A fall was defined as an accidental event that caused a person 
unintentionally falls to the floor or a lower level, not because of 
intrinsic event (22). Falls information was obtained both at baseline 
and 1-year follow up. Participants or their spouses and children were 
asked if the participants had fallen down in the past 12 months. And 
if so at the 1-year follow up, they were also asked if the fall cause them 
to receive treatment.

Covariates

Data regarding sociodemographic characteristics, lifestyle and 
anthropometric variables, chronic conditions and other health-related 
factors were collected in this study. Sociodemographic characteristics 
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included sex, age (female, male), marital status (married, widowed or 
divorced), education (primary school or below, junior high school, 
senior high school, university or above) and household income 
monthly (≤5,000¥, 5,000¥–10,000¥, 10,000¥–15,000¥, >15,000¥). 
Lifestyle and anthropometric variables included smoking status 
(never, former and current smokers), being taken care of by others 
(no, yes), body mass index (BMI), calculated as body weight divided 
by height squared, classified as underweight (<18.5), normal (18.5–
23.9), overweight (24.0–27.9), and obesity (≥28.0), waist to hip ratio 
and skeletal muscle mass index (SMI), calculated as appendicular 
skeletal muscle mass [measured using bioelectrical impedance analysis 
(BIA, InBody 270, Biospace Ltd., Seoul, Korea) divided by height 
squared]. Chronic conditions included activities of daily living (ADL) 
disabilities, instrumental activities of daily living (IADL) disabilities, 
chronic disease (including hypertension, coronary heart disease, 

diabetes, respiratory system disease, kidney disease), and 
polypharmacy. ADL and IADL disabilities were ascertained by the 
standardized questionnaires. Respondents who had difficulties in 
performing 1 or more ADL activities (bowel control, bladder control, 
grooming, toilet use, feeding, transfers, mobility, stairs, dressing, and 
bathing) were classified as having ADL disability (23), who had 
difficulties in social function related tasks (making/receiving phone 
calls, shopping, doing household chores, cooking meals, doing 
laundry, using transportation, taking medications and managing 
finances) were classified as IADL disability (24). Participants who had 
two or more diseases were defined as having comorbidities, who had 
taken five or more medicines were defined as having polypharmacy. 
The information on comorbidities and medications were acquired by 
participants, their spouses and children and through a careful review 
of medical documents. Health-related factors included status of 

FIGURE 1

Flowchart of the study population.
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depression, anxiety and nutrition, grip strength, gait speed and 
sleeping quality. Depression assessment was conducted using the 
5-item geriatric depression scale (GDS-5) (25). Participants fulfilling 
two or more of the 5 conditions were defined as having a depressive 
tendency. Anxiety symptoms were assessed by 7-item general anxiety 
disorder scale (GAD-7) (26). Participants who got 5 or more points 
were defined as anxiety. Nutrition status was assessed using Mini 
Nutritional Assessment-short form (MNA-SF) (27). Participants who 
got a score of ≤11 were classified as having malnutrition or a risk of 
that. Grip strength was measured using a digital handgrip 
dynamometer (JAMAR Co., Ltd., United States). Low grip strength 
was defined as <26 kg in men and < 18 kg in women (28). Usual gait 
speed on a 6-meter course was measured objectively. Gait speed 
<0.8 m/s was classified as slow gait speed for both men and women 
(28). The quality of sleep was measured by Pittsburgh sleep quality 
index (PSQI) with a total point of 21 (29). Participants who got a score 
of >5 were defined as having poor quality.

Statistical analysis

Baseline characteristics were described according to the status of 
cognitive function. Continuous variables were presented as median 
(the lower quartile, the upper quartile) and categorical variables as 
frequency and percentages (%). The difference in characteristics 
between the four groups was tested by student t test or rank sum test 
for continuous variables based on the normality of the data, and 
chi-square for categorical variables.

Logistic regression models were constructed to evaluate the 
association of fall with cognitive function [the odds ratios (ORs) and 
95% confidence intervals (CIs) of cognitive impairment for the risk of 
fall compared with normal cognitive function was estimated. If 95% 
CI does not contain the value of 1, then it indicates a significant 
association between cognitive impairment and the risk of fall]. The 
initial models were crude without any adjustment (Model 1). The 
subsequent models included demographic and anthropometric 
variables, such as sex, age, education, income, BMI, waist to hip ratio, 
SMI (Appendicular Skeletal Muscle Mass Index) as adjustments 
(Model 2). In the Model 3, function and nutritional status were added, 
such as the status of depression, anxiety, nutrition, ADL and IADL 
limitations. Further, considering the bias that may be brought by the 
limited sample size and the imbalance of the outcome, we introduced 
firth logistic regression (30) to estimate the association (Model 4), 
adjusting the covariates in the Model 3.

To further explore the role in the pathways of fall occurrence, 
we firstly constructed univariate and multivariate-adjusted binary 
logistic models to identify the factors associated with cognitive 
function. Then, we conducted causal mediation analyses with the 
counterfactual framework proposed by Imai et al. (31) were conducted 
to determine whether the cognitive status can explain or mediated the 
relationship between the identified associated factors and the risk of 
fall, after adjusting for the covariates listed in model 3. Pure natural 
indirect effect (PNIE), the expected difference between two 
counterfactual outcomes for the same individual whose mediator 
differs from the value that would had been observed under exposure 
value x* to that under exposure value x while holding exposure at the 
level of x, E(Yi(x,M(x*)) − Yi(x,M(x))), total natural indirect effect 
(TNIE), the expected difference between two counterfactual outcomes 

for the same individual whose mediator differs from the value that 
would had been observed under exposure value x* to that under 
exposure value x while holding exposure at the level of x*, 
E(Yi(x*,M(x*)) − Yi(x*,M(x))), pure natural direct effect (PNDE), the 
expected difference between two counterfactual outcomes for the 
same individual whose exposure value differed from x* to x, while 
holding mediator constant at its potential value under exposure value 
of x, E(Yi(x*,M(x)) − Yi(x,M(x))), total natural direct effect (TNDE), 
the expected difference between two counterfactual outcomes for the 
same individual whose exposure value differed from x* to x, while 
holding mediator constant at its potential value under exposure value 
of x*, E(Yi(x*,M(x*)) − Yi(x,M(x*))), average causal mediation effect 
(ACME, the average of PNIE and TNIE), average direct effect (ADE, 
the average of PNDE and TNDE) (32) and their 95% CIs were 
estimated in the causal mediation analyses. If 95% CI does not contain 
the value of 0, then it indicates the effect is significant.

For missing data, we firstly conducted complete data analysis after 
excluding all missing observations. Further, we performed multiple 
imputations for missing values and created five imputed datasets. 
We  combined the results of the analyses of imputations as 
sensitivity analysis.

All reported p values were two-sided, with statistical significance 
deemed at p < 0.05. Data analyses were conducted using R software, 
version 4.0.2.

Results

Among the 569 participants included in this study, 366 (64.32%) 
had cognitive impairment, 96 (16.87%) and 81 (14.24%) experienced 
fall in the past 1 year and during the 1-year follow-up respectively, and 
47 (8.26%) needed and received treatment because of fall during the 
1-year follow-up. Table 1 summarized and compared characteristics 
of the participants between participants who fell and those who did 
not during 1-year follow-up. Participants who fell during the 1-year 
follow-up were more likely to have poor sleep quality (50.62% vs. 
34.63%, p = 0.0034), depression (19.75% vs. 9.84%, p = 0.0285) and 
cognitive impairment (77.78% vs. 62.09%, p = 0.0064).

Factors associated with cognitive 
impairment

The multivariate logistic regression showed the following factors 
were associated with increased prevalence of cognitive impairment: 
being cared by others (OR: 2.52, 95%CI: 1.43–4.45), IADL disability 
(OR: 2.22, 95%CI: 1.28–3.85), depression (OR: 2.85, 95%CI: 1.16–
6.99) and low grip strength (OR: 2.33, 95%CI: 1.29–4.22; Table 2). 
While, some factors were found to be  negatively associated with 
cognitive impairment prevalence, including higher household income 
(10000–15,000 vs. ≤5,000 ¥ per month, OR: 0.29, 95%CI: 0.11–0.79, 
>15,000 vs. ≤5,000 ¥ per month: OR: 0.30, 95%CI: 0.10–0.86) and 
overweight (OR: 0.52, 95%CI: 0.28–0.98; Table 2). These associations 
were confirmed in the sensitivity analysis, except the associations of 
cognitive impairment with household income. Additionally, higher 
education was found to be associated with the lower prevalence of 
cognitive impairment in the sensitivity analysis (Senior high school 
vs. Primary school or below: OR: 0.22, 95%CI: 0.07–0.71; University 
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TABLE 1 Baseline characteristics between 1-year follow-up fallers and none-fallers group.

Fall p-value

No (N = 488) Yes (N = 81)

Age (years) 86 (82–88) 86 (82–89) 0.9498

Male (%) 191 (39.14) 29 (35.80) 0.5683

Education

Primary school or below 36 (7.38) 6 (7.41) 0.6620

Junior high school 80 (16.39) 20 (24.69)

Senior high school 135 (27.66) 13 (16.05)

University or above 237 (48.57) 42 (51.85)

Widowed or divorced (%) 182 (37.30) 30 (37.04) 0.9645

Being taken care of by others (%) 372 (76.23) 58 (71.60) 0.3701

Household income monthly

≤5,000¥ 85 (17.42) 12 (14.81) 0.6098

5,000¥–10,000¥ 127 (26.02) 20 (24.69)

10,000¥–15,000¥ 62 (12.70) 13 (16.05)

>15,000¥ 214 (43.85) 36 (44.44)

Smoking status

Never 405 (82.99) 65 (80.25) 0.8326

Former 73 (14.96) 14 (17.28)

Current 10 (2.05) 2 (2.47)

BMI (kg/m2) 24.05 (21.98–26.21) 23.59 (21.15–26.33) 0.6350

Underweight 213 (43.65) 39 (48.15) 0.7992

Normal 24 (4.92) 4 (4.94)

Overweight 197 (40.37) 28 (34.57)

Obesity 54 (11.07) 10 (12.35)

Waist to hip ratio 0.89 (0.84–0.94) 0.88 (0.83–0.94) 0.7401

SMI 6.40 (5.80–7.10) 6.50 (5.80–7.30) 0.9641

Grip strength (kg) 23.00 (19.10–28.20) 22.65 (18.90–26.70) 0.4211

Decrease in grip strength 192 (39.34) 30 (37.04) 0.5396

Gait speed (m/s) 0.88 (0.73–1.05) 0.87 (0.67–1.00) 0.1266

Decrease in gait speed 111 (22.75) 21 (25.93) 0.1737

ADL disability (%) 173 (35.45) 40 (49.38) 0.0552

IADL disability (%) 265 (54.30) 44 (54.32) 0.3485

Anxiety (%) 49 (10.04) 11 (13.58) 0.5983

Depression (%) 48 (9.84) 16 (19.75) 0.0285

Poor sleep quality (%) 169 (34.63) 41 (50.62) 0.0034

Malnutrition (%) 59 (12.09) 11 (13.58) 0.6241

Chronic disease

Hypertension (%) 346 (71.34) 55 (70.51) 0.8810

Coronary heart disease (%) 238 (48.77) 48 (59.26) 0.2042

Diabetes (%) 139 (28.48) 26 (32.10) 0.7437

Respiratory system disease (%) 93 (19.06) 17 (20.99) 0.7524

Digestive system disease (%) 219 (44.88) 37 (45.68) 0.9209

Kidney disease (%) 57 (11.68) 7 (8.64) 0.4718

Cognitive impairment 303 (62.09) 63 (77.78) 0.0064

Comorbidity (%) 416 (85.25) 69 (85.19) 0.3043

Polypharmacy (%) 143 (29.30) 21 (25.93) 0.5346
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or above vs. Primary school or below: OR: 0.27, k95%CI: 0.09–0.84; 
Table 3).

Relationships between cognitive 
impairment and fall

Compared to those without cognitive impairment, participants 
with cognitive impairment had a higher incidence of fall during 
the 1-year follow-up (17.21% vs. 8.87%). After adjusting for 

multiple confounders and considering the imbalance of the 
outcome, cognitive impairment was associated with the increased 
risk of fall during the 1-year follow-up (OR: 2.03, 95%CI: 1.13–
3.80; Table  4, Model 4). However, the association of cognitive 
impairment was non-significant with the fall in the past year (OR: 
0.83, 95%CI: 0.49–1.41; Table  4, Model 4) and the treatment 
needed and received because of fall during the 1-year follow-up 
(OR: 1.25, 95%CI: 0.58–2.70; Table 4, Model 4).Similar results 
could also be observed in the sensitivity analysis based on multiple 
imputed data (Table 5).

TABLE 2 Association of cognitive impairment with other factors in the old adults of this study.

Univariate analysis Multivariate analysis

OR (95% CI) p OR (95% CI) p

Age(years) 1.05 (1.02, 1.08) 0.0009 1.02 (0.96, 1.07) 0.5579

Sex, female versus male 1.23 (0.87, 1.75) 0.2422 1.78 (0.71, 4.47) 0.2168

Education

Junior high school versus primary school 

or below
0.48 (0.17, 1.37) 0.1687 0.47 (0.12, 1.82) 0.2734

Senior high school versus primary school 

or below
0.19 (0.07, 0.50) 0.0009 0.28 (0.07, 1.04) 0.0576

University or above versus primary school 

or below
0.20 (0.07, 0.51) 0.0009 0.34 (0.09, 1.25) 0.1040

Widowed or divorced versus married 0.68 (0.47, 0.97) 0.0357 1.03 (0.60, 1.77) 0.9104

Taken care of by others 2.27 (1.53, 3.35) <0.0001 2.52 (1.43, 4.45) 0.0015

Household income monthly

5,000¥–10,000¥ versus ≤5,000¥ 1.08 (0.62, 1.89) 0.7797 0.76 (0.32, 1.84) 0.5468

10,000¥–15,000¥ versus ≤5,000¥ 0.46 (0.25, 0.86) 0.0148 0.29 (0.11, 0.79) 0.0152

>15,000¥ versus ≤5,000¥ 0.76 (0.46, 1.25) 0.2738 0.30 (0.10, 0.86) 0.0258

Smoking status

Former versus never 1.08 (0.67, 1.74) 0.7632 1.65 (0.76, 3.59) 0.2031

Current versus never 1.70 (0.45, 6.36) 0.4312 8.07 (0.81, 80.46) 0.0751

BMI(kg/m2)

Underweight versus normal 2.43 (0.89, 6.60) 0.0829 0.80 (0.11, 5.99) 0.8306

Overweight versus normal 0.76 (0.53, 1.11) 0.1522 0.52 (0.28, 0.98) 0.0416

Obesity versus normal 1.25 (0.69, 2.27) 0.4648 0.69 (0.24, 1.94) 0.4796

Waist to hip ratio 0.85 (0.10, 6.97) 0.8831 3.67 (0.09, 143.31) 0.4865

SMI 0.95 (0.84, 1.07) 0.4169 1.13 (0.76, 1.68) 0.5504

ADL disability 1.77 (1.22, 2.56) 0.0024 1.37 (0.82, 2.31) 0.2307

IADL disability 3.40 (2.37, 4.88) <0.0001 2.22 (1.28, 3.85) 0.0044

Anxiety 1.48 (0.82, 2.67) 0.1958 0.85 (0.33, 2.19) 0.7291

Depression 2.77 (1.44, 5.33) 0.0023 2.85 (1.16, 6.99) 0.0218

Poor sleep quality 1.42 (0.98, 2.04) 0.0619 1.20 (0.72, 1.99) 0.4873

Malnutrition 2.22 (1.22, 4.04) 0.0092 3.96 (0.95, 16.51) 0.0591

Comorbidity 1.02 (0.58, 1.80) 0.9356 0.85 (0.37, 1.96) 0.7010

Polypharmacy 1.33 (0.90, 1.96) 0.1474 1.13 (0.64, 2.00) 0.6768

Fall history in the last year 1.16 (0.73, 1.86) 0.5257 0.75 (0.38, 1.48) 0.4135

Low gait speed 2.50 (1.58, 3.95) <0.0001 1.55 (0.83, 2.89) 0.1725

Low grip strength 2.56 (1.75, 3.73) <0.0001 2.33 (1.29, 4.22) 0.0050
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Causal mediation analysis

Besides the direct effect of cognitive impairment on fall during 
1-year follow-up, it also mediated the positive association between the 
risk of fall and depression (ACME: 2.05, 95%CI: 0.10–4.62%), IADL 
disability (ACME: 1.20, 95%CI: 0.13–3.74%), being taken care of by 
others (ACME: 1.28, 95%CI: 0.10–4.04%; Table  6; Figure  2; 
Supplementary Figure S1). Further, higher household income and 
education may decrease the risk of fall with cognitive function as the 
mediator (Table  6; Figure  2; Supplementary Figure S1). All these 
mediation effects were also shown in the sensitivity analysis except for 
higher household income (Table 7; Figure 2; Supplementary Figure S2). 
In addition, cognitive impairment was also found to mediate the 

association of the increased risk of fall with low grip strength (Table 7; 
Figure 2; Supplementary Figure S2).

Discussion/conclusion

To our best knowledge, this was the first study to explore the 
mediation effect of cognitive impairment on the occurrence of fall. 
Based on the 1-year follow-up cohort of older adults living in a 
Chinese retirement community with regular health assessments and 
education, we confirmed the positive association between cognitive 
impairment and subsequent fall. Furthermore, despite the direct effect 
on fall occurrence, cognitive impairment also mediated the association 

TABLE 3 Association of cognitive impairment with other factors in the old adults in the sensitivity analysis.

Univariate analysis Multivariate analysis

OR (95% CI) p OR (95% CI) p

Age(years) 1.05 (1.02, 1.08) 0.0009 1.03 (0.99, 1.08) 0.1552

Sex, female versus male 1.23 (0.87, 1.75) 0.2422 1.92 (0.88, 4.20) 0.1031

Education

Junior high school versus primary school or below 0.48 (0.17, 1.37) 0.1687 0.59 (0.18, 1.90) 0.3781

Senior high school versus primary school or below 0.19 (0.07, 0.50) 0.0009 0.22 (0.07, 0.71) 0.0106

University or above versus primary school or below 0.20 (0.07, 0.51) 0.0009 0.27 (0.09, 0.84) 0.0240

Widowed or divorced versus married 0.68 (0.47, 0.97) 0.0357 0.91 (0.58, 1.43) 0.6732

Taken care of by others 2.27 (1.53, 3.35) <0.0001 1.98 (1.22, 3.21) 0.0058

Household income monthly

5,000¥–10,000¥ versus ≤5,000¥ 1.08 (0.62, 1.89) 0.7797 1.28 (0.63, 2.60) 0.4979

10,000¥–15,000¥ versus ≤5,000¥ 0.46 (0.25, 0.86) 0.0148 0.45 (0.20, 1.03) 0.0584

>15,000¥ versus ≤5,000¥ 0.76 (0.46, 1.25) 0.2738 0.51 (0.22, 1.20) 0.1256

Smoking status

Former versus never 1.08 (0.67, 1.74) 0.7632 1.53 (0.82, 2.84) 0.1809

Current versus never 1.70 (0.45, 6.36) 0.4312 2.38 (0.55, 10.26) 0.2435

BMI(kg/m2)

Underweight versus normal 2.43 (0.89, 6.60) 0.0829 3.15 (0.76, 12.99) 0.1132

Overweight versus normal 0.76 (0.53, 1.11) 0.1522 0.55 (0.31, 0.96) 0.0345

Obesity versus normal 1.25 (0.69, 2.27) 0.4648 0.69 (0.28, 1.71) 0.4274

Waist to hip ratio 0.98 (0.11, 8.54) 0.9880 8.67 (0.26, 292.73) 0.2284

SMI 0.95 (0.85, 1.07) 0.4307 1.25 (0.88, 1.79) 0.2153

ADL disability 1.77 (1.22, 2.55) 0.0024 1.21 (0.78, 1.88) 0.3885

IADL disability 3.44 (2.40, 4.93) <0.0001 2.51 (1.57, 4.03) 0.0001

Anxiety 1.39 (0.77, 2.48) 0.2722 0.70 (0.34, 1.44) 0.3305

Depression 2.57 (1.38, 4.80) 0.0031 2.61 (1.23, 5.53) 0.0125

Poor sleep quality 1.40 (0.97, 2.02) 0.0689 1.30 (0.84, 2.01) 0.2398

Malnutrition 2.24 (1.23, 4.09) 0.0081 1.17 (0.48, 2.81) 0.7312

Comorbidity 0.99 (0.56, 1.75) 0.979 0.72 (0.35, 1.46) 0.3599

Polypharmacy 1.33 (0.90, 1.96) 0.1474 1.13 (0.70, 1.84) 0.6167

Fall history in the last year 1.16 (0.73, 1.84) 0.5336 0.82 (0.47, 1.42) 0.4758

Low gait speed 2.63 (1.67, 4.15) <0.0001 1.48 (0.86, 2.52) 0.1550

Low grip strength 2.61 (1.79, 3.81) <0.0001 2.12 (1.29, 3.49) 0.0030
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of fall with IADL disability, depression, education, household income 
and grip strength (Figure 2).

The incidence of fall during the 1-year follow-up was 14.24%, 
lower than that reported in previous studies (33–35), which may 
be owing to the high prevalence of being cared by others (75.57%). 
However, the fall rate was still in a relatively high level, which 
highlights the importance of preventing fall occurrence and 
significance of our study.

Compatible with previous findings (8, 35), we  found a strong 
association between cognitive impairment and fall during 1-year 
follow up after adjusting multiple covariates. However, the association 
of cognitive impairment with fall based on cross-sectional design and 
with treatment due to fall at 1-year were not observed in this study. 
Several studies have reported a positive association between cognitive 
impairment and fall in a cross-sectional analysis (36, 37). While, study 
by Ma et al. showed cognitive impairment only did not associated 
higher prevalence of falls based on cross-sectional design (38). These 
inconsistencies may come from the difference in tools of assessing 
cognitive function and the nature of cross-sectional design which 
measures the outcome and exposure at the same time and cannot 
determine the cause and effect. The association between cognitive 
impairment and severe fall, such as fall related injuries, was also 
controversial. Lee et  al. reported that cognitive impairment was 
associated with fall-related injury among older adults (39). 
Tsutsumimoto et  al. observed a positive association of cognitive 
impairment existed with fall, but not with fall-related fracture (9). This 
discrepancy might be resulted from that the fall outcomes were self-
reported and the definition of fall related injury may be  different 
among responders. Further, the reason that we  did not find the 
association between cognitive impairment and fall that need treatment 
could also be  attributed to the high prevalence of receiving care 
(81.15%) in participants with cognitive impairment, which might 
mitigated the severity of the consequences. Future studies are needed 
to verify this speculation.

In our study, we also found IADL disability, depression and low 
grip strength were associated with higher risk of cognitive impairment. 

Participants who were overweight and had higher education and 
income level were less likely to suffer from cognitive impairment. 
These findings were consistent with previous studies (40–46). Also 
we  found there was a positive relationship between cognitive 
impairment and being cared by others, which may be because that 
participants with cognitive impairment were more likely to have IADL 
disability and thus need care from others. Similar phenomena were 
also reported by Maria et al. who found cognitive impairment elderly 
outpatients were associated with a high prevalence of being 
accompanied at medical consultation (47).

Despite the direct effects of cognitive impairment on fall, we also 
found the indirect and mediation effect of cognitive impairment on 
the occurrence of fall. Cognitive impairment mediated the association 
between IADL disability, low grip strength and fall, which means 
IADL disability and low grip strength could increase the risk of fall 
indirectly by increasing the risk of cognitive impairment. These 
findings can partially explained that the intervention strategies only 
focused on physical function cannot prevent fall effectively and 
management for cognitive impairment is essential for fall prevention. 
We  also found cognitive impairment mediated the association 
between depression and fall. The relationship between depression, 
cognitive impairment and the risk of fall was complex and remained 
unclear. Roh et al. suggested depression and cognitive impairment 
had a synergistic effect on the risk of fall (48). The mediation effect of 
cognitive impairment may contributed to this synergistic effect, as 
depression can worsen the cognitive function and further increase 
the fall risk. In addition, higher education and household income 
were found to decrease the risk of fall indirectly through the 
mediation effect of cognitive impairment. Education and income, as 
components of socioeconomic status (SES), are considered as one of 
the main causes of health disparities among different population 
groups, but it does not affect the health outcome directly (49). Thus, 
mediated by cognitive impairment could be one of pathways that SES 
exerts its effect on the fall occurrence. Furthermore, although an 
indirect association of being cared by others with fall was observed 
in our study, this may be not resulted from the effect of care from 

TABLE 4 Associations between cognitive impairment and fall.

Model 1 OR (95% CI) Model 2 OR (95% CI) Model 3 OR (95% CI) Model 4 OR (95% CI)

Fall in the last year 1.16 (0.73, 1.86) 1.05 (0.63, 1.74) 0.77 (0.44, 1.33) 0.83 (0.49, 1.41)

Fall during the 1-year follow-up 2.14 (1.23, 3.72) 2.31 (1.28, 4.19) 2.25 (1.19, 4.23) 2.03 (1.13, 3.80)

Treatment required because of 

fall during the 1-year follow-up
1.74 (0.88, 3.43) 1.77 (0.85, 3.71) 1.33 (0.53, 3.32) 1.25 (0.58, 2.70)

Model 1 was crude without adjustments. Model 2 was multivariate logistic regression adjusted for age, sex, education, household incomes, marital status, whether being taken care of by others, 
smoking status, BMI, waist to hip ratio and SMI. Model 3 was Model 2 plus ADL and IADL disability, anxiety, depression, sleep quality, nutrition status, grip strength, gait speed, comorbidity 
and polypharmacy. Model 4 was firth logistic regression adjusted for covariates in the model 3.

TABLE 5 Associations between cognitive impairment and fall in the sensitivity analysis.

Model 1 OR (95% CI) Model 2 OR (95% CI) Model 3 OR (95% CI) Model 4 OR (95% CI)

Fall in the last year 1.16 (0.73, 1.86) 1.05 (0.63, 1.74) 0.77 (0.44, 1.33) 0.83 (0.49, 1.41)

Fall during the 1-year follow-up 2.14 (1.23, 3.72) 2.31 (1.28, 4.19) 2.25 (1.19, 4.23) 2.03 (1.13, 3.80)

Treatment required because of 

fall during the 1-year follow-up
1.74 (0.88, 3.43) 1.82 (0.88, 3.78) 1.75 (0.81, 3.79) 1.73 (0.82, 3.55)

Model 1 was crude without adjustments. Model 2 was multivariate logistic regression adjusted for age, sex, education, household incomes, marital status, whether being taken care of by others, 
smoking status, BMI, waist to hip ratio and SMI. Model 3 was Model 2 plus ADL and IADL disability, anxiety, depression, sleep quality, nutrition status, grip strength, gait speed, comorbidity 
and polypharmacy. Model 4 was firth logistic regression adjusted for covariates in the model 3.
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TABLE 6 Mediating effects of cognitive impairment in the association of fall during 1 year follow up and the other factors in the old adults.

Exposure Indirect Effect Direct Effect

PNIE (95% CI) TNIE (95% CI) ACME (95% CI) PNDE (95% CI) TNDE (95% CI) ADE (95% CI)

Depression 1.76% (0.05, 3.96%) 2.33% (0.12, 5.22%) 2.05% (0.10, 4.62%) 5.69% (−4.24, 19.54%) 6.26% (−4.38, 20.80%) 5.98% (−4.44, 20.05%)

IADL Disability 1.32% (0.14, 4.30%) 1.08% (0.11, 3.18%) 1.20% (0.13, 3.74%) −3.44% (−11.53, 4.41%) −3.68% (−12.70, 4.49%) −3.56% (−12.12, 4.47%)

Low girp strength 1.13% (−0.01, 3.13%) 1.12% (−0.02, 3.01%) 1.13% (−0.03, 3.01%) −0.01% (−7.21, 8.55%) −0.01% (−7.85, 8.73%) −0.01% (−7.40, 8.60%)

Senior high school versus Primary 

school or below
−1.64% (−6.23, −0.05%) −1.37% (−4.33, −0.10%) −1.50% (−5.08, −0.14%) −3.06% (−21.12, 9.40%) −2.79% (−20.12, 8.32%) −2.92% (−20.73, 8.81%)

University or above versus Primary 

school or below
−1.55% (−5.47, −0.03%) −1.58% (−4.74, −0.08%) −1.56% (−4.80, −0.08%) 0.39% (−16.92, 12.71%) 0.36% (−15.66, 11.72%) 0.38% (−16.42, 12.15%)

Household income between 10,000¥ 

and 15,000¥ monthly versus ≤5,000¥ 

monthly

−1.01% (−4.16, −0.11%) −1.76% (−6.41, −0.19%) −1.39% (−4.64, −0.11%) 8.97% (−4.56, 22.64%) 8.22% (−4.84, 20.10%) 8.59% (−4.43, 21.29%)

Household income >15,000¥ monthly 

versus ≤5,000¥ monthly
−1.05% (−4.20, −0.08%) −1.62% (−5.67, −0.02%) −1.33% (−4.43, −0.02%) 6.87% (−8.84, 16.30%) 6.30% (−7.91, 14.63%) 6.59% (−8.54, 15.15%)

BMI overweight versus BMI normal −0.69% (−2.76, 0.07%) −0.63% (−2.53, 0.05%) −0.66% (−2.57, 0.08%) −1.95% (−11.50, 5.22%) −1.88% (−11.23, 4.86%) −1.91% (−11.30, 5.04%)

Being taken care of by others 1.53% (0.20, 5.36%) 1.04% (0.10, 3.29%) 1.28% (0.10, 4.04%) −7.39% (−16.58, 1.19%) −7.88% (−17.55, 1.22%) −7.63% (−17.02, 1.20%)

The causal mediation analysis was adjusted by sex, age, smoking status, BMI, waist to hip ratio, SMI, ADL and IADL disability, anxiety, depression, sleep quality, nutrition status, grip strength, gait speed, comorbidity and polypharmacy.
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TABLE 7 Mediating effects of cognitive impairment in the association of fall during 1 year follow up and the other factors in the old adults in the sensitivity analysis.

Exposure Indirect Effect Direct Effect

PNIE (95% CI) TNIE (95% CI) ACME (95% CI) PNDE (95% CI) TNDE (95% CI) ADE (95% CI)

Depression 1.26% (0.09, 2.93%) 1.77% (0.16, 4.13%) 1.52% (0.13, 3.48%) 10.16% (0.13, 22.07%) 10.67% (0.14, 23.02%) 10.42% (0.13, 22.54%)

IADL disability 1.46% (0.15, 3.43%) 1.20% (0.12, 2.66%) 1.33% (0.14, 3.03%) −4.01% (−11.24, 3.46%) −4.28% (−11.98, 3.69%) −4.14% (−11.63, 3.57%)

Low girp strength 1.09% (0.08, 2.61%) 0.90% (0.07, 2.11%) 1.00% (0.07, 2.30%) −3.19% (−9.79, 3.92%) −3.38% (−10.43, 4.25%) −3.28% (−10.01, 3.97%)

Senior high school versus Primary 

school or below
−2.17% (−4.94, −0.23%) −1.53% (−3.43, −0.15%) −1.85% (−3.96, −0.20%) −7.74% (−23.68, 6.16%) −7.10% (−22.30, 5.48%) −7.42% (−23.01, 5.84%)

University or above versus Primary 

school or below
−1.88% (−4.42, −0.18%) −1.75% (−4.02, −0.18%) −1.81% (−4.20,-0.18%) −2.61% (−19.46, 9.53%) −2.48% (−18.34, 8.72%) −2.54% (−18.91, 9.11%)

Household income between 10,000¥ 

and 15,000¥ monthly versus ≤5,000¥ 

monthly

−0.86% (−2.33, 0.06%) −1.32% (−3.48, 0.09%) −1.09% (−2.79, 0.07%) 8.47% (−2.53, 20.15%) 8.01% (−2.36, 19.21%) 8.24% (−2.43, 19.65%)

Household income >15,000¥ 

monthly versus ≤5,000¥ monthly
−0.68% (−2.16, 0.31%) −1.05% (−3.25, 0.49%) −0.87% (−2.64,0.41%) 8.26% (−2.00, 17.23%) 7.89% (−1.94, 16.38%) 8.07% (−1.96, 16.84%)

BMI overweight versus BMI normal −0.69% (−1.89, 0.17%) −0.65% (−1.90, 0.16%) −0.67% (−1.87,0.16%) −1.62% (−8.30, 5.47%) −1.58% (−8.05, 5.16%) −1.60% (−8.14, 5.32%)

Being taken care of by others 1.19% (0.03, 2.92%) 0.90% (0.00, 2.10%) 1.04% (0.02, 2.50%) −6.68% (−15.13, 0.66%) −7.88% (−17.55, 1.22%) −6.83% (−15.43, 0.68%)

The causal mediation analysis was adjusted by sex, age, smoking status, BMI, waist to hip ratio, SMI, ADL and IADL disability, anxiety, depression, sleep quality, nutrition status, grip strength, gait speed, comorbidity and polypharmacy.
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others, but due to the strong association of being cared with cognitive 
impairment. Cares itself had a tendency to decrease the risk of fall 
directly, though this effect was not significant. Further investigations 
were indispensable to study the effect of cares on the fall.

The strengths of this study includes the use of MoCA scale to 
assess cognitive impairment, which had good rest-retest reliability 
and was more comprehensive and sensitive than other cognition 
measures (50). Furthermore, this is the first study to investigate the 
association among fall, cognitive impairment and its associated 
factors based on community-dwelling old adults cohort using causal 
mediation analysis, which provides evidence to clarify the role of 
cognitive impairment in the pathways of fall occurrence. Causal 
mediation analysis has been gaining popularity during the last 
decade, which is preferred on traditional mediation analysis as it 
provides causal effect definitions (32, 51–53). However, most studies 
that used causal mediation analysis reported the proportion mediated 
as effect size measure. Although using proportion mediated as effect 
size measure has an intuitive interpretation, it suffers important 
limitations especially when the sample size is limited and the 
directions of direct and indirect effect size are opposite (32). The 
natural indirect effect estimate with a confidence interval is more 
recommended (32). So in our study, we substituted PNIE, TNIE and 
ACME, for proportion mediated.

There are also some limitations in our study. First, the factors 
associated with cognitive impairment were identified based on cross-
sectional design which was less informative for causal inference. 
Future studies with longer follow-up and measurements of these 
factors at each wave will be  required to elucidate the relationship 
between cognitive impairment and its associated factors, and the 
mediating role of cognitive impairment in the association of these 
factors with fall. Second, the participants were enrolled from a 
retirement with a convenience sampling process and the income and 
education level of the participants were relatively high, which might 
underestimate the observed association and limit the generalizability 
of our study results. Finally, the sample size of this study was relatively 
small. However, we used firth logistic regression to handle the bias 
that might be brought by limited sample size.

In conclusion, our study confirmed the positive association 
between cognitive impairment and fall risk based on a cohort from 
community-dwelling old adults with regular health assessments and 
education. Additionally, we suggested that cognitive impairment 
played a mediator in the pathways of fall occurrence, beside its 
direct influence on fall risk. Our study could provide basis for 
clarifying the role of cognitive impairment in the fall occurrence 
and would be helpful to designing more specific interventions for 
fall prevention.

FIGURE 2

Causal diagram of relation among cognitive impairment associated factors, cognitive impairment and fall at 1-year follow-up. Red arrow lines 
represented the mediator mediated a positive association between exposure and outcome. Blue arrow lines represented the mediator mediated a 
negative association between exposure and outcome. Solid arrow lines represented the mediation associations were also shown in the sensitivity 
analyses. Dashed arrow lines represented the mediation associations were not confirmed in the sensitivity analyses.
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SUPPLEMENTARY FIGURE S1

The causal mediation analyses for fall, cognitive impairment and its 
associated factors.
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The causal mediation analyses for fall, cognitive impairment and its 
associated factors after multiple imputation.
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